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Mel	Siff	is	also	one	of	the	most	highly	regarded	Sport	scientists	in	history,	whom	without,	we	may	not	have	found	out	anything	about	the	Soviet	or	‘Eastern’	training	methods	until	much	later	in	history.	Siff	grew	up	in	Johannesburg,	South	Africa,	learning	of	sport	from	his	father	and	Belgian	Strongman	Serge	Reding,	where	he	learned	a	lot	about	the
techniques	he	later	studied	and	wrote	about.	With	a	Masters	in	Applied	Mathematics	and	a	PhD	in	Physiology,	Siff	centered	his	work	around	sport-related	sciences	such	as	biomechanics	and	muscle	physiology.	He	spent	his	youth	involved	in	many	sports	but	eventually	favored	Olympic	Weightlifting,	an	interest	which	would	eventually	culminate	in	his
two	year	campaign	as	chairman	of	the	South	African	Universities	Weightlifting	Association	for	more	than	twenty	years	and	managing	the	National	Weightlifting	Team	for	2	years.	Siff	then	led	collaborations	with	Soviet	coaches	such	as	Dr.	Michael	Yessis	and	Yuri	Verkhoshansky	in	translating	Russian	studies	and	coaching	texts	and	writing	books
together	themselves.	Siff	died	in	2003.	The	Book:	So	that	leaves	us	with	the	book	itself.	Supertraining	has	been	published	an	updated	over	nearly	two	decades.	The	structure	of	the	book	is	well	done.	Beginning	with	a	history	of	sport	science	and	fitness	and	exercise	culture	before	moving	on	to	the	physiological	and	biomechanical	(the	real	ntty	gritty
science	part)	elements	of	exercise,	then	finishing	the	final	third	of	the	book	on	Periodization	and	training	and	programming	for	specific	sports.	Strengths:	The	book	is	filled	with	references,	though	none	of	them	date	past	1994	(however	this	conclusions	are	in	line	with	what	the	current	consensus	is	in	the	Sport	Science	community),	and	the	authors
often	throw	in	their	own	recommendations	and	experiences	in	utilizing	the	methods	taught	in	the	book,	which,	in	my	opinion,	greatly	increases	the	book’s	value.	There	truly	is	no	stone	unturned	in	terms	of	topics	covered,	from	group	to	individual	training,	to	periodization,	to	practical	psychology	and	physiology,	to	biomechanics	and	learning.	It	truly	is
a	comprehensive	guide	to	sport	science.	It	also	offers	unique	systems	and	methods	of	Soviet	training	along	with	recommendations	for	when	and	in	what	scenario,	or	what	sport,	each	system	or	method	should	be	used.	Weaknesses:	If	you	start	reading	this	book,	it’s	only	real	limitation	will	become	blatantly	obvious.	It’s	Translation	and	use	of	Language!
Fortunately,	it’s	actually	not	as	bad	as	the	two	author’s	previous	collaboration,	Special	Strength	Training	Manual	for	Coaches,	which	was	so	bad	that	the	information	on	one	page	actually	directly	contradicted	the	information	on	the	next,	but	it	does	make	for	a	difficult	read.	Verkhoshansky	and	Siff	are	also	sometimes	a	little	too	‘scientific’	for	a	casual
coach,	using	terminology	like	‘the	motor	apparatus’	instead	of	simply	saying	the	‘body’	or	‘arm’.	So….yeah	that	can	get	annoying!	It	can	also	get	a	bit	annoying	when	the	book	quotes	something	along	the	lines	of	‘the	author	found	that	plyometrics….’,	without	actually	specifying	whether	the	‘author’	in	question	being	identified	as	Siff	or	Verkhoshansky,
as	this	can	seriously	affect	the	readers	view	on	what	is	said.	Other	than	that	it’s	hard	to	find	any	other	fault	with	the	book	without	seeming	like	I’m	nitpicking.	Verdict:	Supertraining	is	a	comprehensive	and	practical,	if	sometimes	hard	or	trying	to	read,	guide	to	Sport	Science	that	every	serious	coach	should	have	read	at	least	once.	Even	with	it’s
weaknesses,	it	has	indeed	earned	it’s	unofficial	title	of	“The	Bible”.	Theory:	9\10	Applicability:	10\10	Design:	10\10	User-Friendliness:	6\10		Final	Verdict:	9\10	Already	read	the	book?	Let	us	know	what	you	thought	of	the	book	in	the	Comments	section.	©	1996-2014,	Amazon.com,	Inc.	or	its	affiliates	Perhaps	the	most	complete	book	on	strength
training	ever	written!	Covers	explosive	strength,	power,	speed	training,	plyometrics,	loading,	flexibility,	circuit	training,	periodization,	weightlifting	and	much	more.	"I	had	the	pleasure	to	know	Mel	and	entertain	him	at	Westside	Barbell	and	was	his	co-speaker	at	training	seminars.	I	am	honored	to	have	my	combination	training	method	listed	in
Supertraining.	This	book	is	a	must	for	a	P.H.D.	who	really	wants	to	learn	the	truth	about	training.	Supertraining	will	open	your	eyes	into	the	views	of	Y.V.	Verkhoshansky,	a	true	genius	in	the	field	of	sports	training.	I	truly	learned	the	value	of	kinetic	energy	leading	to	my	own	research	about	over	speed	eccentrics	and	optimal	eccentrics	plus	Mel	finally
got	it	through	my	head,	the	importance	of	training	optimally.	I	will	never	forget	what	Dr.	Siff	taught	me.	"	Louie	Simmons	Details	Cover:	Paperback	Pages:	498	Weight:	3.15lb	Level	of	Difficulty:	Moderate,	This	book	looks	into	the	extensive	biomechanical	and	physiological	research	to	offer	invaluable	information	on	all	aspects	of	strength	training.
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this	book	to	explore	the	phenomenon	of	strength	and	to	apply	to	physical	conditioning	the	discoveries	e	i	from	this	quest,	with	a	particular	emphasis	on	the	development	of	special	fitness	and	preparednessfor	sportirtgperfomance	at	the	highest	level.	In	meeting	this	objective,	the	concepts	of	work	capacity,	fitness	and	preparedness,	as	well	as	the
different	types	of	strength	are	examined	in	detail	to	provide	the	necessary	h	e	w	o	r	k	for	research	and	practical	application	of	all	findings.	It	analyses	the	different	types	of	strength,	their	roles	in	human	movement	and	how	they	may	be	developed	efficientli.	In	illustrating	how	scientific	research	may	be	applied	in	training	or	rehabilitation,	it	discusses
the	various	means	and	methds	of	strength	training,	ranging	from	resistance	tmhing	with	weights	to	impulsive	('plyometric')	loading	without	weights.	It	identifies	which	specific	types	of	strength	fitness	are	required	by	the	athlete,	the	forms	in	which	strength	is	produced	over	the	range	of	a	given	sporting	movement	and	the	most	appropriae	sequences
for	developing	the	different	types	of	strength	fitness	over	a	prolonged	training	period.	Since	considerableresearch	reveals	that	strength	is	not	a	single	hdamental	fitness	factor	like	cardiovascular	endur~ce,as	is	often	implied,	this	textbook	introduces	the	reader	to	the	exquisite	complexity	of	strength	via	an	understanding	of	the	biomechanics,
functional	anatomy	agd	physiology	of	the	human	movement	system.	This	is	mpIy	as	an	intellectual	exercise,	but	to	prevent	the	reader	from	devising	sport	specific	training	'	based	on	deficient	traditional	schedules	which	may	have	ignored	the	mtanvs	of	the	different	types	of	strength	and	the	specificity	of	training	for	a	given	sport	and	individual.	This
text,	although	aimed	primarily	at	the	exercise	scientist,	specialist	high	level	coach	and	physical	educator,	also	has	direct	relevance	to	the	sports	medical	practitioner	or	therapist	who	may	be	involved	with	rehabilitating	athletes	whose	return	to	top	level	competition	depends	on	restoration	of	the	necessary	type	of	strength	fitness.	What	is	Strength	?	'
Strength	is	an	essential	component	of	all	human	performance	and	its	formal	development	can	no	long&	be	neglected	in	the	preparation	of	any	athlete.	Successful	strength	conditioning	depends	on	a	thorough	understanding	of	all	processes	underlying	the	production	of	strength	by	the	body.	Therefore,	it	is	appropriate	that	this	text	commences	with	an
outline	of	the	structure	and	h	c	t	i	o	n	of	the	more	important	systems	involved	in	producing	all	types	of	strength.	Strength	is	the	product	of	muscular	action	initiated	and	orchestrated	by	electrical	processes	in	the	nervous	system	of	the	body.	Classically,	strength	is	defined	as	the	ability	of	a	given	muscle	or	group	of	muscles	to	generate	muscularforce	d
e	r	spe&$c	conditions.	Thus,	m	i	m	a	1	strength	is	the	ability	of	a	particular	group	of	muscles	to	produce	a	maximal	voluntary	contraction	in	response	to	optimal	motivation	against	an	external	load.	This	strength	is	usually	produced	in	competition	and	may	also	be	referred	to	as	the	competitive	-mum	strength,	CFmax.	It	is	not	the	same	absolute
strength,	which	Zatsiorsky	(1995)	calls	Fmrn,	the	maximum	of	all	maxima,	and	which	usually	is	associated	with	the	greatest	force	which	can	be	produced	by	a	given	muscle	group	under	involuntary	muscle	stimulation	by,	for	example,	electrical	stimulation	ofthe	nerves	supplying	the	muscles	or	recruitment	of	'a	bwerful	stretch	reflex	by	sudden
loading.	For	certain	practical	purposes,	absolute	strength	may	be	regarded	as	roughly	equivalent	to	maximal	eccentric	strength,	which	is	difficult	or	impractical	to	measure,	because	a	maximum	by	definition	refers	to	the	limit	point	preceding	structural	and	functional	failure	of	the	system.	Thus,	it	is	apparent	that	specific	neural	feedback	mechanisms,
like	governors	in	a	mechanical	engine,	exist	to	prevent	a	muscle	from	continuing	to	produce	force	to	the	point	of	mechanical	failure.	This	is	why	it	probably	would	be	more	practical	to	use	the	maximum	explosive	isometric	strength	(produced	under	so-called	maximum	plyometric	conditions	or	explosive	thrust	against	a	dynaniometer,	as	discussed	in	Ch
5)	as	a	working	approximation	to	absolute	strength	(or	Fmm).	To	prevent	confusion,	it	also	should	be	noted	that	the	term	'absolute	strength'	sometimes	is	used	to	define	the	maximum	strength	which	can	be	produced	by	an	athlete	irrespective	of	bodymass.	ma	k	e	w	e	sfrag&	~autputby	up;go	S%,	baby	b	e	t	w	a	'fZ;m	a	d	CFam	is	appraxima%&~123	-
tc-EfEsamse&ked	by	~	i	a	h	e	a	y	i	e	r	w	e	i	g	h	t	~	~	,	~	~	,	1	~	)	?	-	.	-	-,	mmckarn	lies	in	enabkg	o&	io	a	m	kex&	percentage	QT	one'rm'&m	i	P	@	M	Y	[email	protected]&,	3	,	..	3.	h=l'.	.	-	-	'	'I	.,	?-	-	.-.	.	4by	a	[email	protected]@	qm#ic	condi~slsgag.	execdhg	a	well-defined	lift	or	combination	of	W,	su&as,the	%pat,	snatch	or	the	wei&Wtkg	Totai).	The
biomechanics	of	strength	prodwtkn	Neuromwular	stimulation	and	c	o	n	W	*	Adaptation	to	physical	laading	The	various	types	of	strength	fitness	The	specificity	of	muscular	and	neuromuscu~artraining	The	Origins	of	Strength	Training	Science	Strength	training	has	always	been	synonymous	with	the	so-caIled	'Iron	Game',	a	broad	generic	term	for	the
competitive	lifting	of	heavy	objects	6y	strong	men	during	the	last	century	or	so.	Feats	'of	lifting	strength,	however,	have	appeared	throughout	the	hisfory	of	most	nations,	but	it	has	only	been	in	very	recent	times	that	training	to	produce	strength	has	become	a	scientific	discipline.	This	science	did	not	arise	overnight:	it	is	.the	culminating	point	of
thousands	of	ye&	of	trial-and-error	methods	of	training.	The	earliest	reference	to	formal	strength	training	'wcurs	in	Chinese	texts	dating	to	as	far	back	as	3600BC,	when	emperors	made	thqir,subjects	exercise	daily	(Webster,	1976).	During	the	Chou	dynasty	(1	122-249BC),	potential	soldiers	had	to	pass	weight-lifting	tests	before	being	allowed	to	enter
the	armed	forces.	There	is	abundant	evidence	of	weight-training	used	in	ancient	Egypt	and	India,	whilelhe	Greeks	left	numerous	sculptures	and	iIlustrations	of	their	athletes	training	with	stone	weights.	In	fact,	the	6th	century	BC	was	known	as	the	Xge	of	Skength'	and	weight-lifting	competitions	involved	the	lifting	of	huge	stones.	Thd	renowned
ancient	physician,	Gala,	referred	frequently	to	exercising	with	weights	(halteres),	with	his	treatise	Preservation	offieafh	even	classifying	exercises	into	'quick'	exercises	without	weights	and	'violent'	exercises	which	are	performed	with	weights.	The	Roman	poet	Martial	(40-104AD)	pondered:	"Why	do	the	strong	men	labour	with	their	stupid	dumbbells?
A	far	better	task	for	men	is	digging	a	vine	trench'!.	Weight	training	was	not	confined	to	men:	a	wall	-,&om	a	Roman	villa	in	Piazza	Almeria	in	Sicily	depicted	a	girl	exercising	4	t	h	weights.	.	.	u	Itshould	not	be	surprising,	then,	that	the	quest	for	superior	strength	led	twnpe,roussystems,of	strength	training,	thereby	laying	a	solid	experiential	foundation
for	the	far	more	refined	methods	of	today.	During	the	16th	century	in	Europe,	books	on	weight-training	began	to	emerge,	with	Sir	Thomas	Elyot's	text	on	the	topic	being	published	in	England	in	1531.	Several	universities	in	France	and	Germany	offered	weight	training	and'in	1544,	Joackm	Camerius,	a	lecturer	at	Leipzig	University,	wrote	several	books
recommending	weight	training	as	an	essential	activity	for	the	model	school.	In	1728,	John	Paugh	published	A	Physiological,	Theoretic	mid	Practical	Tre&e	on	the	Utility	of	Muscular	Exercisefor	Restoring	the	Power	to	the	Limbs,	revealing	that	even	then	it	was	recognised	fhat	weight	bahhg	o	f	f	d	therapeutic	benefits.	In	the	1	8	6	0	~the	~	Scot,
Archibald	MacLaren,	ccrmpifea	the	first	system	of	physical	training	with	dumbbells	and	barbells	for	the	British	Army	and	formalised	a	crude	form	of	progressive	overloading.	Some	of	his	ideas	appeared	in	McMllanYsMagazine.	(1863)	in	his	article,	"National	Systems	of	Bodily	Exercise",	which	compared	various	systems	of	physical	training	used	at	that
t&e.	_.	pioneers	of	Strength	Training	The	path	to	strength	training	science	is	synonymous	with	the	history	of	many	of	the	legendary	heroes	of	yesteryear,	ranging	itom	the	biblical	Samson	and	the	bull-libg	Miio	of	Italy	to	the	Russian	superheavy	weightliftex,	Alexeyev.	The	showmen	and	strong	man	entertainers	of	19th	century	Europe	in	particular,	laid
the	mogt	solid	foundatiolls	for	the	systematic	development	of	formal	strength	and	physique	training	methods	and	the	ewentuaI	acceptance	of	the	use	of	these	methods	in	the	g	d	fitness	and	sports	specific	s	t	r	e	d	training	revolution	of	today.	Spacepermits	the	mention	of	only	a	few	of	these	pioneering	strong	men	of	the	past,	so	the	history-mind&
reader'is	well	advised	to	read	David	Webster's	fascinatingand	thorough	book,	T	h	e	Iron	Game",	which	presents	the	feats	of	these	men	fiom	the	distant	past	to	1975,	upon	which	this	brief	summary	is	based.	On	the	basis	of-manyyears	of	research,	Webster	isolates	the	Italian	circus	and	fairground	performer,	Felice	Napoli,	as	the	initiator	of	the	strong
man	boom	on	an	international	scale.	Born	in	1820,	some	of	his	most	ilksbrious	disciples	included	Professor	Attila	(Louis	Durlacher)	and	Eugen	Sandow	(Frederick	Mdler).	The	German-born	Attila,	in	turn,	became	so	wegl-known	that	he	attracted	as	his	pupils	some	of	the	world's	most	famous	physical	culturalists	and	many	rulers	of	Europe.	Royalty
whom	he	taught	included	King	George	of	eeece,	King	Edward	of	England	(while	he	was	Prince	of	Wales),	Crown	Prince	Frederick	who	became	King	Haakon	of	Norway,	the	six	children	of	King	Christian	of	Denmark,	the	Queen	Mother	Alexandra	of	England,	Princess	Dagmar	(who	became	Empress	of	Russia	and	,motherof	Tsar	Nicholas),	a	d	the
Duchess	of	Cumber1and	mFem=	At	the	time,	the	training	of	royalty,	the	wealthy	and	the	famous	with	weights	and	specialised	exercises	was	a	well-established	and	desirable	profession,	predating	the	current	generation	of	so-called	personal	tmipep	jtly	about	150	years.	The	fame	and	fortune	of	the	strongmen	of	those	days	were	a	result	of	their	regular
and	ydl-pblione-on-one	stage	challenges	and	entertainment	hall	competitions	using	some	highly	individual	and	mtasual	hnelatml	two	arm	lifts,	swings,	supports	and	manoeuvres	against	loads	of	vehicles,	humans	and	specially	contrived	barb&	teachers	or	mentors	of	'physical	culture'.	many	strongmen	of	his	time,	he	was	a	generous	sponsor	of	many	ch
hygienic	conditions	of	working	and	living	for	all,	including	th	management.	As	part	of	his	vision,	he	pressed	for	the	introduction	of	physical	education	and	sport	as	compulsory	school	subjects,	and	the	regular	examination	of	pupils	by	school	doctors	and	dentists.	At	the	'	H	-	f	M&jesv	Xing	Geergie	h	confmed	an	mi&now	zqmn	Mr.	Eu;pen	Sadow,	it&
mrldrenmed	-.	-	-	-	e	~	p	i	ifk	kd	d	e	r	'afsdie~tific&siz:d	cul&ire.-Mf.	S	a	n	d	o	n	r	j	~having	had	the	honour	of	'Mmg.:,:	*	;	u	~	&	d	~	i	~	~	f	~	s	o	~	o	-	f	;Physied	~	d	i	e	&Csciwe	~	c	t?~	his	Majesty.	Z	k	e	n	interest	$hi&	rkeking	has	always	ta&n	in	the	I-	--	-	.	'-fhere&h'&irehTe&'to-fi&&&~*s~~%	%SF&>	~amiolu~s	ap~intimntmustL6e	ieiarded	'hr	b'
sciensificphfiical	cut&re,	and	fh-erejsno	d	d	t	f	b	f	co&~&bly	in&e&e	h	e	p	o	m	p	df	i6b	sdence	of	M..,S+W	is	a	man	who	hqs	c&eF-byhis	?owtz	national,bt,a	wbrldfactor	in	thescience	@of_	phY~i'd~&8eneracy	which	infomw	er&	has'	-	-I	-In	many	respects,	fh&efore,-Sandow	yai	oSk	of	wifh	the	Mstor!j	of	his	efforts	r+dGig
[email	protected]'[email	protected]	@lienom'encm	m	e	k	novel	&rinbvative.	[email	protected],	&&ow's	rnethods'fwused	skill	as	the	founddon	of	be"&,	m+proa&	t&i&Cas	dm&.co	bter	by	c	a	r	d	i	o	v	d	a	r	scientists	s	d	i	&	DF'#em&	C&+T	ef	the	USA,	who	masJv*	hwnplaye	'Tyazhekya	A	W	k	'	,	,thename	of-pbysiealcuWe	fop.	.the	pre	h	a	m	e	hisp~pIfs,~
iucBuding	-er	fam01~s.sh-on	George	~	&ckenschmidt,	whp	q	t	e	a	~	h	brpl	g	$Ithat	he	knew.	H~ketrscbmidt,in	his	b	k	,	Fg?	to	&ye,	added	that	.	stfongest	IW&	of	&at	-;inchding	S	a	d	w	,	were	tL:ahd	accordhg	to,[email	protected]	significant	success	in	basbell	lifts.	Ibyewlq	was	president	of	the	jury	at	the	fmt	world	hamp	pi	om	hips	in	1898.	..,,
b$e~skgr's	pewma1	example,e&msiasm,	d	a	r	i	t	y	md	the	poplaity	of	his	group	af	I	4	L	+fom.His	other	book,	The	Ddopment	OfPhysiccai	Strength	with	Kettlebells	anal	without	KeslebeIls,	pubfished	in	1900and	reprinted	three	titnes	(1902,1909,1916)	after	his	death	(1901).	aftention	t	o	therapeutic	gymnastics	in	his	Diagram	of	Medico	G)rmnasc	Uses
and	its	vsky	was	especially	concerned	with	farming	correct	breathit	could	bi	Ma	cable	m	device	adding	1	those	tc	manufa	believe	method	Intc	coacha	levers,	elastie	springs	and	cables,	friction	resistance	number	of	weight	training,	bodybuilding	exercises	and	techniques	which	are	been	tried	and	tested	in	that	burgeoning	exploration	era	of	finding	the
best	e	of	the	earlier	authors	offered	insights	which	even	today	tend	to	be	ignored	by	some	,Paschal1	(1454)	wrote:	%	ment	of	the	useable	musclefibres.	yometrio	training	pay	any	attention	to	the	immutable	and	can	be	unconsciously	or	consciously	conditioned	by	training	actions.	ariably	were	replaced	by	more	impressive	thus,	the	modern	fitness	public
has	been	deprived	dimowing	the	true	designers	and	ence	of	Training	Philosophies	different	scientific	and	educational	cultures	in	the	West	and	the	East	had	a	profound	impact	aspects	of	strength	and	general	fitness	training.	In	the	earliest	days	of	the	-Wength	travelled	extensively	to	learn	fiom	colleagues	and	teachers	with	different	outlooks	despread
attention.	With	the	advent	of	stige	of	sporting	success	meant	that	years	after	both	World	Wars,Russia'	s	with	the	running	for	health	and	doctrine,	the	paradigm	'and	general	health	depends	predominantly	on	prolonged	endurance	or	'aerobic'	th	Benefits	of	strength	SUPERTRAINING	training.	For	example,	Cooper	(1968:	p25)	stated	that:	"If	it's	muscles
or	a	body	beautiful,	you'll	weightlifting	or	calisthenics,	but	not	much	more.	.	.	If	it's	the	overall	health	of	your	body	you're	int	isometrics	won't	do	it	for	you,	neither	will	isotonics	or	anaerobics.	Aerobic	exercises	are	the	only	ones	young	men	are	steered	more	in	the	direction	of	sports	such	as	American	football	and	rugby,	games	which	acceptance	into
the	school	curriculum	ensure	a	huge	pool	of	talent.	During	the	same	period,	the	Russians	and	Eastern	Europeans	accumulated	extensive	internation	on	strength	and	sports	training	while	developing	a	vast	research	effort	into	these	topics,	as	well	as	competitive	weightlifting,	strength	training	became	an	integral	part	of	all	sports	training	in	Russia,	This
Russian	dominance	often	has	been	simplistically	attributed	to	the	extensive	use	of	drugs	especially	strength	science	and	organisational	systems.	he	Modern	Era	Dawns	e	systems	of	training	of	the	early	pioneers	touched	upon	above	ultimately	formed	the	h	e	w	o	r	physiotherapy	and	the	coaching	regimes	for	other	sports.	Yet,	serious	scientific	research
into	only	developed	well	into	the	20th	century	and,	as	we	have	seen,	even	now	research	into	cardio	attracts	considerably	more	attention	from	scientists.	Nevertheless,	the	evolution	of	resistance	training	in	several	different	directions	has	produced	an	data	base	from	the	following	distinct	sources	(the	details	in	parentheses	refer	to	the	purpose	of	each
di	.*	Physiotherapy	(resistance	exercise	for	rehabilitation)	Scientific	research	(analysis	to	understand	resistance	exercise	scientifically).	SUPERTRAINING	certain	most	subtle	spirit	which	pervades	and	lies	hidden	in	all	gross	bodies,"	and	that	"all	sensation	is	excited,	and	the	members	of	animal	bodies	move	at	the	command	of	the	will,	namely,	by	the
vibrations	of	this	spirit,	mutually	propagated	along	the	solid	filaments	of	the	qerves,	fiom	the	outward	organs	of	sense	to	the	brain,	and	from	the	brain	into	the	muscles."	In	otherwords,	if	we	restate	the	terminology	of	those	times,	we	will	note	that	the	central	role	of	the	mind	and	newous	system	in	human	movement	was	already	stressed	by	one	of
science's	leading	figures.	In	the	1930s,	the	New	York	strongman,	Paul	Boeckr,naun,	stressed	in	his	treatise,	Nerve	Force,	the	importance	of	the	nerves.in	strength	training,	and	considered	nervous	control,	conservation	o	f	m	o	u	s	energy	and	the	ability	to	generate	explosive	force	at	the	time	of	greatest	need	as	the	foundation	of	physicd	power
(Paschall,	1954).	He	also	pointed	out	the	great	hprtance	of	using	regular	rest	periods	to	enhance	nervous	recovery.	Physiology	tells	us	that	structure	is	determined	by	function,	where	muscle	hypertrophy	is	an	adaptive	response	to	neuromuscular	stimulation	of	a	given	minimum	intensity.	Thus,	nervous	stimulation	produces	two	basic	adaptive	and
interrelated	effects	in	the	body:	functional	muscular	action	(the	functional	effect)	muscle	hypertrophy	(the	s	t	r	u	d	effect).	The&ndamental	principle	of	strength	training,	then,	is	that	all	strength	increase	is	initiated	by	neuromuscular	stimulation	Although	hypertrophy	is	the	long-term	result	of	a	certain	regime	of	neuromuscular	stimulation,	it	is	not	the
inevitable	consequence	of	all	types	of	work	against	resistance.	Two	basic	types	of	resistance	training	may	be	lecognised,	namely:	fbnctional	resistance	training	structural	resistance	training.	In	drawing	up	this	distinction,	it	should	be	noted	that	there	is	no	such	thing	as	purely	structural	training,	since	all	ally	fanctional,	which,	under	certain	conditions,
may	also	elicit	structural	changes.	Moreover,	of	maximal	strength	depends	to	a	great	extent	on	the	existence	of	afi.gptimal	degree	of	muscle	While	structural	resistance	training	is	aimed	primarily	at	producing	muscle	hypertrophy	(and	some	aspects	of	tissue	flexibility),	functional	strength	training	is	associated	with	many	different	performance	goals,
including	improvement	in	static	strength,	speed-sGength,	muscle	endurance	and	reactive	ability.	In	other	words,	the	former	produces	increases	in	diameter	andlor	strength	of	individual	muscle	fibres,	whereas	the	la&	impiicates	the	contractions	of	the	numerous	muscle	fibres	to	produce	the	appropriate	performance	effect.	At	a	more	detailed	level
functional	trajning	involves	the	following	processes	(Fig	1.2):	1.	Intermtcscular	coordination	between	different	muscle	groups.	This	involves	the	synchrenisation	or	sequencing	of	actions	between	different	muscle	groups	which	are	producing	any	given	joint	movements.	Certain	muscles	may	be	inhibited	from	cooperating,	while	others	may	be
disinhibited	in	contributingto	the	movement.	2,	Intramuscular	coordinaoion	of	fibres	within	the	same	muscle	group.	This	implicates	one	or	more	of	the	followingmechanisms	of	fibre	control:	Number	encoding,	the	control	of	muscle	tension	by	activating	or	deactivating	certajn	numbers	of	fibres.	Rate	frequency)	encoding,	the	control	of	tension	by
modifying	the	firing	rate	of	active	fibres.	Pattern	encoding,	the	control	of	tension	by	synchronisation	or	sequencing	of	firing	of	the	different	types	of	muscle	fibre	(e.g.	slow	or	fast	twitch	fibres).	'	3.	Facilifatoiy	and.inhibitoiy	reflexive	processes	in	the	neural	pathways	acting	at	various	levels	in	the	nervous	system	may	be	modified	to	optimise	the
development	of	strength,	either	by	improving	intra-	and	intermuscular	coordinaton	or	by	promoting	adaptive	changes	in	the	various	reflex	systems	of	the	body.	4.	Motor	learning,	which	is	the	process	of	programming	the	braidcentral	nervous	system	to	be	able	to	carry	out	specific	movement	tasks	(giiscussed	in	detail	in	1.13).	A	great	deal	of	the	early
improvement	in	strength	and	performance	is	a	result	of	motor	learning,	this	being	vital	to	the	continued	efficiency	of	later	training.	Motor	learning	continues	as	the	intensity	and	complexity	of	loading	increases	progressively,	because	skill	under	demanding	conditions	is	significantly	different	from	skill	under	less	onerous	circumstances.	7
STRUCTURAL	EFFECTS	,	EFFECTS	I	HYPERTROPHY	INTERMUSCULAR	COORDINATION	I	I	INTRAMUSCULAR	COORDINATION	I	REFLEXIVE	CHANGES	I	-	SYNCHRONISAT1ON	SEQUENCING	INHIBITION	DlSlNHlBlTlON	RATE	ENCODING	PATTERN	ENCODING	INHIBITION	Figure	1.2	The	structural	and	functional	effects	of	strength	training
stimulation.	All	training,	to	a	greater	or	lesser	degree,	ai!	~	t	the	s	above	and	all	other	physical	systems,	including	the	cardiovascular,	endocrine	and	metabolic	systems.	Only	the	major	training	eiyects	of	strength	loads	discussed	in	this	book	are	shown.	'I	2,4	-&t	It$--'	-	lij	1	..	2e	4	:::	1	.	In	the	early	stages	of	training	or	during	stagnation	at	an	advanced
level,	the	functional	stages	should	precede	the	structural	stages	(see	1.2	and	Ch	2).	Thus,	functionally	transitional	stimuli	which	include	motor	skill	and	coordination	training	are	important	for	the	beginner,	and	functionally	powerful	stimuli	such	as	increased	intensity	and	reflexive	action	are	appropriate	for	the	more	advanced	athlete.	The	need	to
prescribe	structurally	versus	functionally	dominant	training	at	any	stage	of	proficiency	also	should	be	guided	by	an	assessment	of	the	strength	deficit	(discussed	after	the	next	subsection).	Neural	Changes	with	Training	The	fact	that	neuromuscular	stimulation	is	fundamental	to	all	training	is	emphasized	further	by	recent	findings	that	sensory
experience	results	in	enlargement	and	other	changes	in	the	cerebral	cortex.	Earlier	hypotheses	that	the	central	nervous	system	cannot	change	after	adulthood	have	now	been	proved	to	be	incorrect.	It	was	generally	recognised	that	the	young	brain	has	a	great	capacity	to	adapt	to	changes	such	as	injury	or	disease,	but	that	neural	tissue	in	the	mature
animal	is	unable	to	display	this	plasticity.	Rosenzweig	(1984)	has	concluded	that	the	capacity	for	plastic	neural	changes	is	present	not	only	early	in	life,	but	throughout	most,	if	not	all,	of	the	human	lifespan.	These	changes	become	particularly	evident	if	one	is	exposed	to	a	sufficiently	enriched	environment	providing	novel,	complex	and	cognitively
challenging	stimulation,	a	finding	which	stresses	the	importance	of	not	limiting	one's	training	to	simple,	largely	unchallenging	repetitive	patterns	of	training	with	exactly	the	same	weights	or	machines.	This	is	one	of	the	main	reasons	why	this	text	emphasizes	the	importance	of	planned	variation	utilising	numerous	different	means,	methods	and
exercises	which	draw	on	integrative	whole-body	disciplines	such	as	physiotherapeutic	PNF	Oproprioceptive	neuromuscular	facilitation),	discussed	in	Chapter	7.	The	work	of	Rosenzweig,	Diamond	and	colleagues	at	Berkeley	has	not	only	revealed	that	neural	changes	occur	in	adulthood,	but	that	these	changes	can	occur	easily	and	rapidly,	within
minutes	and	not	years.	Greenough	at	the	University	of	Illinois	found	that	these	alterations	in	the	central	nervous	system	include	not	only	mass	increase,	but	other	structural	changes	such	as	the	formation	of	new	cell	synapses	and	dendrites	(Hall,	1985).	Other	work	being	done	with	amputees,	the	disabled	and	other	neurally	damaged	patients	is
revealing	that	the	brain	in	effect	can	rewire	itself	and	recruit	areas	functionally	or	structurally	adjacent	to	injured	areas	to	cany	out	specific	tasks.	For	example,	blind	individuals	who	read	braille	have	enlarged	brain	regions	devoted	to	control	of	their	index	fingers.	Still	further	work	has	found	evidence	of	neural	growth	in	the	hippocampus	(Gibbs,
1998).	Some	of	these	findings	are	teaching	better	strategies	for	rehabilitating	stroke	patients.	Conventionally,	a	patient	with	weak	fingers,	but	efficient	arm	and	shoulder	movement	is	often	advised	to	exercise	the	arm	to	help	strengthen	the	fingers.	However,	the	brain's	plasticity	decrees	that	undamaged	parts	of	the	brain	take	over	much	of	the
necessary	functioning	and	the	fingers	grow	weaker.	A	superior	strategy	is	to	restrict	arm	and	shoulder	movement	and	compel	the	fingers	to	exercise,	so	that	the	neural	areas	controlling	the	former	areas	will	not	overpower	those	controlling	the	latter.	These	findings	have	profound	implications	for	fitness	training,	particularly	the	following:	#	'
SUPERTRAINING	plyometrics.	If	the	deficit	is	large,	then	strength	and	hypertrophy	training	with	5RM	to	8RM	(8	repetition	maximum)	loads	using	methods	such	as	CAT	(Compensatory	Activation	Training)	is	more	suitable.	In	general,	if	the	strength	deficit	is	large	for	a	given	muscle	group,	an	increase	in	speed-strength	may	be	produced	by	maximal
or	near-maximal	neuromuscular	stimulation	(e.g.	via	weightlifting	or	plyometric	methods).	iIf	the	strength	deficit	is	small,	hypertrophy	must	be	induced	by	submaximal	loading	methods	as	commonly	used	-in	bodybuilding,	followed	by	maximal	efforts	against	heavy	loads.	Verkhoshansky	has	shown	that	the	strength	defict	increases	as	the	external
resistance	and	the	time	of	motion	1	;decrease(see	3.2.	l),	indicating	that	training	to	increase	maximum	or	absolute	strength	becomes	more	important	as	'itbe	time	available	for	a	movement	becomes	longer.	Conversely,	training	to	increase	rapidity	of	movement	(i-e.	'nervous	system	conditioning)	becomes	more	important	as	the	external	load	decrenses.
His	work	implies	that	estimation	of	explosive	strength	de$cit	is	also	more	important	in	devising	strength	training	regimes	for	athletes	whose	events	do	not	allow	them	sufficient	time	to	produce	maximum	force,	in	other	words,	for	actions	such	as	I	running,	jumping	and	throwing.	Chapter	3.2.1	gives	M	e	r	essential	information	on	his	research	into	the
strength	aefjcit	and	its	relevan=	to	training	to	increase	power	and	explosive	strength.	.	.-	Before	attempting	to	estimate	strength	deficit	it	is	important	to	appreciate	that	sportingpwformance	does	not	depend	simply	on	the	ability	to	produce	maximumforce,	since	many	sporting	actions	take	place	so	rapidly	that	it	is	impossible	to	recruit	an	adequate
number	of	muscle	fibres.	Presuming	that	technical	ski11	is	adequate,	;performance	may	also	be	limited	by	the	inability	to	produce	the	optimal	level	of	strength	at	any	given	instant.	In	other	words,	Rate-ofForce	Development	(RFD)	or	Rate	of	TensionDevelopment	(RTD)	in	the	muscles	are	other	,factorswhich	are	vital	to	sporting	prowess.	Thus,	it	can
be	highly	relevant	to	estimate	deficits	in	maximalforce	production	as	well	as	in	the	Rate	of	Fbrce	Production	(2.2.1).	Identification	of	the	strength	deficit	for	the	most	important	muscle	groups	of	an	athlete	enables	the	coach	to	p'.L-designthe	specific	type	of	strength	training	more	accurately	than	relying	on	the	more	conventional	approach	of	fairly
arbitrarily	prescribing	a	certain	number	of	sets	and	repetitions	of	seyeral	exercises	with	a	given	load.	Development	of	the	necessary	type	of	sport	specific	fitness	entails	far	more	&*an	this:	the	training	programme	must	also	pay	careful	attention	to	many	other	factors	including	the	method	of	executing	eacbexercise	and	the	manner	in	which	force	is
displayed	relative	to	time	and	space	(other	factors	are	listed	in	the	following	section).	As	stated	earlier,	ifthe	strength	de$cit	is	large	for	a	given	muscle	group,	an	inaease	in	speed-strength	may	be	produced	by	maximal	or	near-maximal	neuromuscular	stimulation	(e.g.	via	weightlifting	or	plyometric	methods).	Ifthe	strength	deficit	is	small,	hypertrophy
must	be	induced	by	sub-maximal	loading	methods	as	commonly	used	in	bodybuilding	(see	Table	1.1	and	Ch	7),	followed	by	maximal	efforts	against	heavy	loads.	A	more	enduring	type	of	strength	fitness	results	from	a	well-sequenced	combination	of	functional	and	structural	resistance	training.	However,	it	is	important	to	monitor	regularly	any	change
in	relative	strength	to	ascertain	if	increased	hypertrophy	is	simply	adding	unproductive	tissue	bulk	which	is	not	producing	a	commensurate	increase	in	functional	strength.	Other	useful	measures	of	training	effectiveness	are	the	analysisof	injury	or	soreness	patterns	and	changes	in	motor	skill	and	reaction	time.	I	'	1.1	Preliminary	Issues	Streigth
training	invariably	is	regarded	as	synonymous	with	resistance	or	weight	training,	since	the	development	of	s-vength	depends	on	the	imposition	of	appropriate	regimes	of	exercise	against	external	resistance.	1.1.1	Resistance	Training	for	Different	Purposes	The	regimes	of	resistance	training	classically	used	to	produce	strength,	power,	muscular
endurance	or	muscle	hypertrophy	may	be	summarised	in	the	form	of	Table	1.1	of	recommendationsbased	on	research	and	experience	(Note	that	this	table	refers	to	dynamic	and	not	isometric	training	regimes).	This	scheme,	however,	does	not	take	into	account	the	complexity	of	the	phenomenon	of	strength	or	the	other	strength-related	qualities	of
neuromuscular	perfbrmance,	such	as	strength-speed,	explosive	strength,	flexibility-and	strength-endurance.	strength	,.,	?	;,	It	is	the	major	objective	of	this	book	to	investigate	the	scope	of	sport	specific	strength	training	in	far	greater	depth	than	implied	by	the	generalised	scheme	of	Table	1.1	and	thereby	enable	the	exercise	professional	to	apply	this
information	in	practice.	SUPERTRAINlNG	Tsble	1.1	.R&ce	training	to	achieve	ditrerent	perfwmmx	goals.	.B+raee	Varia	tale	Strength	Power	Load	(%	of	1RM)	.	Repetitions	per	set	Sets	per	exercise	Rest	between	sets	(rnins)	Duratlon	(secs	per	set)	Speed	per	rep	(%	of	max)	Tratning	sessions	per	week	80-100	1-5	4-7	2-6	5-10	60-	100	3-6	70	-	100	1-5	3-5
2-6	4-8	90-100	3-6	~ferstomusele	endwauce.	&Hypertrophy	60-80	8-	15	4-8	2-5	20-60	40-6U	60-90	5-7	Endurance	-	25-60	2-4	1-2	80-150	6-80	8-14	~	a	t	ein	r	this	text,	it	will	be	shown	that	the	effective	&d	safe	prescription	of	reresistance	training	should	begin	with	a	understanding	of	force-time	and	r	d	a	t	d	-	m	e	s	-	concerning	the	patterns	of	f	a
production	in	sport	and	asistanee	trainbg.	On	this	basis	we	can	identify	several	major	objectives	of	strengthtraining,	namely	.	*	To	increase	maximal	or	absolute	[email	protected]	*	To	increase	explosive	strength	(large	force	in	minimal	time)	f	~	a	p	p	r	~	a	c	h	e	s	g	i	v	e	n	b	~	~1.1	a	bleaybeadeqmteforthcaveragepcrsollaltraiaaor,coach	ie	e	average
client	or	lower	level	athlete,	but	it	needs	to	be	expanded	up&	to	take	into	account	the	stated	above.	In	particular,	it	needs	to	dishgbish	Meen-methods	wncentrathg	on	nett&	adaptation	RELATIVE	PROPORTION	Volume	stren*	conditioning	usually	regard	the	fo11o&ng	variables	as	the	most	important	in	SUPERTRAJNJNC	Training	programmes	based
entirely	on	these	variables,	however,	are	seriously	incomplete	and	limited	in	their	long-term	effectiveness,	especially	as	a	form	of	supplementary	training	for	other	sports.	Factors	sueh	as	the	following	must	also	be	taken	into	consideration:	the	type	of	strength	fitness	required	the	type	of	muscle	contraction	involved	(isometric,	concentric,	eccentric)
the	speed	of	movement	over	different	phases	of	movement	the	acceleration	at	critical	points	in	the	movement	the	rest	intervals	between	repetitions,	sets	and	workouts	active	versus	passive	restlrecuperation	interval,^	the	sequence	of	exercises	the	relative	strength	of	agonists	and	antagonists,	stabilisers	and	movers	the	development	of	optimal	static
and	dynamic	range	of	movement	the	strength	deficit	of	given	muscle	groups	the	training	history	of	the	individual	the	injury	history	of	the	individual	the	level	of	sports	proficiency	of	the	individual.	The	last-mentioned	factor	is	of	exceptional	importance,	because	the	advanced	athlete	responds	to	a	given	training	regime	very	differently	from	a	novice.	For
instance,	the	exact	sequencing	of	strength,	strength-speed	and	hypertrophy	means	in	a	workout	or	microcycle	is	of	little	consequence	during	the	first	weeks	or	months	of	a	beginner's	training,	but	is	very	important	to	a	more	experienced	athlete.	Moreover,	loads	as	small	as	40%	of	IRM	can	significantly	enhance	the	strength	of	a	beginner,	but	have	no
strengthening	effect	on	an	elite	athlete.	1.1.2	Factors	Limiting	Strength	Production	kW	The	production	of	strength	in	the	short	and	long	term	depends	on	the	folowTrainability	Neuromuscular	Efficiency	Biomechanical	Efficiency	Psychological	Factors	iLill	w%=W=8=F	d	-	s#-	4	h-$	w	Pain	and	Fear	of	Pain	Injury	and	Fear	of	Injury	Fatigue	Trainability
This	refers	to	the	potential	to	develop	strength	in	response	to	a	specific	training	regime	and	depends	largely	on	genetic	factors	and	pre-training	status.	Genetic	factors	determine	the	potential	for	hypertrophy,	the	leverage	characteristics	about	each	joint,	the	distribution	of	fast	and	slow	twitch	fibres	in	the	different	muscle	groups,	and	metabolic
efficiency.	The	pre-training	status	refers	to	the	level	of	special	fitness	possessed	by	an	individual	before	formal	training	begins.	Physical	loading	imposed	by	work,	play	and	casual	sport	has	a	pronounced	effect	on	one's	ability	to	gain	strength,	with	the	greatest	relative	increases	being	possible	among	untrained	individuals	and	the	smallest	among	elite
athletes.	Individual	response	to	training	at	a	given	level	of	special	fitness,	however,	is	governed	largely	by	one's	genetic	predisposition	to	increase	hypertrophy,	strength	and	power	easily.	Moreover,	during	long-term	training,	the	blood	serum	levels	of	biologically	active	unbound	testosterone	may	also	be	of	importance	for	trainability	(HWinen,	1985).
Neuromuscular	Efficiency	This	refers	to	the	skill	with	which	one	executes	a	given	movement	and	relates	to	how	efficiently	and	intensively	one	recruits	muscle	fibres	in	the	appropriate	muscle	groups	to	produce	the	movement	pattern	accurately	and	poiverfully.	All	motor	action	is	controlled	by	nervous	and	neuromuscular	processes,	so	that	this	factor
should	be	regarded	as	fundamental	to	the	functional	production	of	strength.	Biomechanical	Efficiency	This	relates	to	genetic	factors	such	as	the	leverage	characteristics	of	the	body,	the	relative	strengths	of	.the	different	muscle	groups	controlling	the	movement	of	each	limb,	and	the	neuromuscular	efficiency	which	orchestrates	all	movement	patterns
of	the	body.	The	efficiency	of	movements	with	and	without	the	use	of	sporting	apparel	and	equipment	(such	as	bats,	racquets	and	throwing	implements)	or	in	close	contact	with	opponents	(e.g.	in	wrestling,	judo,	rugby	and	American	football)	is	especially	important.	Unlike	the	immutable	genetic	factors	which	predispose	one	person	to	achieve	a



potential	which	far	exceeds	that	of	another	person,	both	neuromuscular	and	biomechaflical	efficiency	are	profoundly	influenced	by	training	and	offer	a	vehicle	for	producing	great	increases	in	strength,	as	will	be	seen	in	later	chapters.	SUPERTRAINING	which	records	both	the	objective	loading	and	the	subjective	rating	offers	a	more	thorough	means
of	adjusting	one's	training	programme	and	mjnimising	the	likelihood	of	overtraining	and	overtraining	injury.	In	applying	any	form	of	RPE,	it	should	be	noted	that	the	scale	is	not	linear,	but	has	been	found	to	increase	exponentially	(Banister,	1979).	In	other	words,	a	rating	of	6	does	not	mean	that	the	effort	is	perceived	as	twice	that	at	a	rating	of	3.
Moreover,	if	a	load	is	doubled,	the	perceived	rating	does	not	double.	Injury	and	Fear	of	Injury	It	requires	no	sophisticated	analysis	to	confirm	that	acute	or	chronic	injury	may	make	it	impossible	for	one	to	produce	maximal	strength.	In	particular,	reflex	inhibition	of	contraction	is	a	wellknown	phenomenon	which	produces	muscle	weakness	when	a	joint
is	damaged	(Stokes	&	Young,	1984).	For	example,	it	is	impossible	to	generate	maximal	squatting	strength	if	one	is	suffering	from	knee	joint	deterioration	such	as	chondromalacia	patellae	or	any	other	form	of	peripatellar	damage.	The	importance	of	prescribing	efficient	and	safe	training	to	develop	strength	then	becomes	obvious,	as	does	the	use	of
appropriate	rehabilitation	regimens	to	restore	the	injured	athlete	to	top-level	competition.	Fear	of	injury	or	pain	must	be	recognised	as	a	major	inhibitory	factor	in	the	production	of	strength	or	any	other	motor	qualities,	for	that	matter.	It	is	often	largely	unimportant	if	medical	assessment	pronounces	rehabilitation	to	be	complete;	return	to	top	level
performance	will	occur	only	ifthe	athleteperceivesrehabilitation	to	be	co;mplete	and	the	fear	of	pain	or	re-injury	to	be	minimal.	Fatigue	Fatigue	determines	one's	ability	to	sustain	a	specific	type	of	effort,	ranging	from	the	supreme	cardiovascular	demands	of	ultra-marathon	races	to	the	short-term	maximal	strength	bouts	of	weightlifters	and
powerlifters.	Rapid	fatigue	is	induced	by	the	maximal	and	near-maximal	efforts	associated	with	strength	sports	(such	as	weightlifting	and	powerlifting)	and	slow	fatigue	with	sports	which	involve	low	intensities	of	strength	production	(such	as	distance	running	and	cycling).	Endurance	may	be	defined	as	the	ability	to	resist	fatigue,	static	endurance	the
ability	to	sustain	isometric	activity	and	dynamic	endurance	the	ability	to	sustain	dynamic	muscle	contraction.	It	should	be	noted	that	d	w	i	c	endurance	for	the	different	modes	of	muscle	action	(auxotonic,	isotonic	or	isokinetic)	is	not	the	same,	nor	is	endurance	at	different	velocities	of	motion	the	same.	This	is	one	reason	why	Gtness	qualities	such	as
speedendurance,	static	strength-endurance,	dynamic	strength-endurance	and	speed-strength	endurance	are	defined.	A	distinction	is	made	between	centralfatigue	and	peripheral	fatigue,	where	the	former	is	associated	with	the	central	nervous	system,	i.e.	factors	outside	the	muscular	system,	and	the	latter	refers	to	fatigue	processes	in	the	peripheral
nervous	system	and	the	neuromuscular	system.	Central	fatigue	relates	to	decreased	motivation,	impaired	transmission	of	spinal	nerve	impulses	and	impaired	recruitment	of	spinal	motor	neurons	(BiglandRitchie	&	Woods,	1984).	Fatigue	at	muscle	cell	level	may	affect	one	or	more	of	the	many	excitation-contraction	processes	which	begin	with
depolarisation	of	the	muscle	cell	at	the	neuromuscularjunction	and	end	with	the	mechanical	power	stroke,	the	final	action	involved	in	actin-myosin	interaction	and	force	generation.	Disturbance	at	any	stage	of	this	chain	of	processes	will	lower	the	capability	of	a	muscle	cell	of	realising	its	maximum	force	potential.	The	primary	peripheral	sites	which
have	been	implicated	in	muscle	cell	fatigue	include	the	motor	end-plate,	the	sarcolemma,	the	T	tubules,	the	sarcoplasmic	reticulum,	regulatory	proteins	and	contractile	proteins	(Green,	1988).	Some	scientists	have	also	suggested	a	significant	role	for	ammonia	in	the	fatigue	process.	Exercise-induced	hyperammonemia	refers	to	increased	ammonia
accumulation	during	exercise	(Banister	&	Cameron,	1990).	Ammonia	is	a	ubiquitous	metabolic	byproduct	which	exerts	multiple	effects	on	physiological	and	biochemical	systems.	Depending	on	the	intensity	and	duration	of	exercise,	muscle	ammonia	may	rise	sufficientlyto	leak	fiom	muscle	to	blood,	and	thereby	travel	to	other	organs.	The	direction	of
movement	of	ammonia	or	the	ammonium	ion	is	dependent	on	concentration	and	pH	gradients	between	tissues.	Thus,	ammonia	can	also	cross	the	blood-brain	barrier,	alth~ughthe	rate	of	diffusion	of	ammonia	from	blood	to	brain	during	exercise	is	unknown.	Consequently,	exhaustive	exercise	may	induce	a	state	of	acute	ammonia	toxicity	which,
although	transient	and	reversible	relative	to	disease	states,	may	be	severe	enough	in	critical	regions	of	the	CNS	to	hinder	further	coordinated	activity.	Peripheral	fatigue	has	been	subdivided	W	e	r	into	lowfrequencyfatigue	and	highfiequencyfatigue,	with	the	distinction	being	made	on	the	basis	of	the	frequency	at	which	fatigue	occurs	in	response	to
electrical	stimulatim	of	the	muscles	(Edwards,	1981).	If	electrical	stimulation	is	applied	to	a	muscle	directly	after	contraction,	impairment	in	force	production	at	low	frequency	(less	than	20	Hz)	has	been	called	low	frequency	fatigue	by	Edwards.	If	the	force	decrement	is	detected	at	frequencies	greater	than	50	Hz,	this	is	known	as	high	frequency
fatigue	(Fig	1.5).	SUPERTRAINING	S	UPERTRAINING	muscular	tension	involves	alternating	phases	of	contraction	and	relaxation,	as	is	the	case	with	most	repetitive	resistance	training,	then	blood	flow	will	proceed	during	the	relaxation	phases	and	decrease	the	likelihood	of	fatigue	being	produced	by	muscle	ischaemia.	However,	if	the	exercise
involves	isometric	or	quasi-isometric	contractions	lasting	more	than	about	6	seconds,	this	circulatory	cause	of	fatigue	will	be	very	significant.	This	explains	why	isometric	activity	results	in	more	rapid	and	more	depleting	fatigue	than	dynamic	activity	(Figs	1.6a	&	b).	This	subsection	has	focused	on	fatigue	developing	during	short-duration	strength
activities,	rather	than	the	fatigue	associated	with	cardiovascular	events.	The	central	nervous	system	plays	a	very	significant	role	in	the	generation	of	maximal	and	near	maximal	strength	and	power,	so	that	development	of	resistance	to	fatigue	under	these	conditions	necessitates	suitable	stimulation	of	the	central	nervous	system.	The	capacity	for
performing	strenuous	endurance	exercise	also	depends	on	using	the	appropriate	type	of	chronic	training.	In	this	case	the	training	involves	a	great	deal	of	long-duration,	low	resistance	work,	which	produces	extensive	cardiac,	respiratory	and	circulatory	responses.	However,	the	improvement	in	endurance	has	been	attributed	more	to	peripheral
adaptation	in	the	muscles	than	to	these	cardiovascular	changes,	in	particular,	the	increased	efficiency	in	energy	metabolism,	enzyme	activity	and	fuel	utilisation	(Saltin	&	Rowell,	1980;	Gollnick	&	Saltin,	1982).	--	dynamic	------	FORCE	I	I	I	1	I	,	I	TIME	(minutes)	(a)	Fatigue	during	static	and	dynamic	work	I	1	2	,	.	2	I	3	TIME	(minutes)	(b)	Recovery
profiles	for	static	and	dynamic	work	Fignre	1.6	(a)	and	(b)	Fatigue	onset	and	recovery	profiles	for	static	and	dynamic	work	The	exact	significance	of	the	enzymatic	and	metabolic	changes	is	not	unequivocally	known	yet,	but	it	has	been	generally	agreed	that	fatty	acids	become	an	increasingly	important	fuel	for	muscle	activity,	thereby	reducing	reliance
on	stored	muscle	glycogen.	The	sparing	of	muscle	glycogen	which	follows	chronic	training	has	been	suggested	as	the	main	reason	for	fatigue	resistance,	although	any	number	of	other	peripheral	changes	may	be	responsible.	Extensive	excitation-coupling	and	intracellular	adaptations	also	occur	with	training.	For	instance,	recent	research	implies	that
training	produces	both	electrical	and	mechanical	changes,	as	measured	by	muscular	response	to	short-term	electrostimulation	(Duchateau	&	Hainaut,	1984).	Various	reasons	for	resistance	to	fatigue	have	been	propounded,	such	as	an	increase	in	aerobic	potentia	(Kugelberg	&	Lindegren,	1979),	or	enhanced	energetic	efficiency	at	peripheral	level,	as
discussed	earlier.	Howevei	alterations	in	central	nervous	drive	may	also	occur,	as	has	been	observed	in	strength	training	(Sale	et	al,	1982;	Davie	et	al,	1985).	In	this	respect,	there	has	been	little	research	into	the	role	played	by	afferent	feedback	and	supraspinr	commandinmadulating	motor	neuron	activity	in	either	the	trained	or	untrained	state.	It	us
known	that	fatiguing	muscular	contractionsare	accompanied	by	a	decrease	in	the	discharge	rate	of	alpha	motoneurons	(or	the	activation	rate	of	motoneurons).	The	process	whereby	this	activation	discharge	rate	is	modulated	by	the	central	nervous	system	to	optimise	force	production	by	skeletal	muscle	during	sustained	muscle	action	has	been	called
muscle	wisdom	(Marsden	et	al.,	1983).	Its	purpose	is	believed	to	ensure	that	central	neural	drive	to	fatigued	skeletal	muscle	matches	that	which	is	needed	to	generate	the	required	force.	During	maximal	voluntary	contractions	the	activation	rates	decline	as	the	muscle	fatigues,	while	no	similar	decline	has	been	observed	during	submaximal
contractions	(Binder-Macleod,	1995).	In	addition,	muscle	wisdom	may	be	one	mechanism	that	functions	either	to	decrease	or	to	postpone	central	neural	fatigue	(Enoka	&	Stuart,	1992).	BiglandRitchie	and	colleagues	(1986)	have	suggested	that	a	reflex	arising	from	fatigued	skeletal	muscle	is	at	least	partly	responsible	for	muscle	wisdom.	However,	it
has	also	been	found	that	motor	unit	discharge	rate	is	not	associated	with	muscle	relaxation	time	in	sustained	submaximal	contractions	in	humans.	The	muscle	wisdom	hypothesis	suggests	that	motor	unit	S	UPERTRAININC	-	-	-..-	:	;.a-	'	.	,	.	,	',	,	.	-	-	7	-	amental	Biomechanics	of	Strength	strength	and	power	would	appear	to	be	a	fairly	straightforward
quest.	Since	the	human	ve	and	self-regulating	organism,	the	imposition	of	progressively	increasing	loads	on	the	for	analysing	sporting	action.	one	state	or	position	to	another,	andpower	refers	to	the	rate	at	which	work	is	done	at	any	ts	on	a	rigid	body,	it	produces	two	distinct	effects,	namely	translation	of	the	body	in	the	,strictly	speaking	there	at	least
two	different	types	of	moment:	the	moment	of	a	force,	and	the	(a	special	combination	of	two	forces).	17	SUPERTRAINING	A	,	oTORQUE	=	F	x	d	FORCE	Figure	1.7	Torque	or	moment	of	a	force	acting	at	a	distance	d	about	a	%lcrumor	joint	centre	0.	A	couple	is	defined	as	a	system	consisting	of	two	non-collinear	(not	in	the	same	straight	line)	equal	and
opposite	forces.	It	causes	pure	rotation	without	translation,	so	that	it	possesses	a	moment,	but	no	resultant	force.	A	typical	couple	is	illustrated	in	Figure	1.8,	showing	the	two	forces	of	equal	magnitude	F	separated	by	a	distance	d,	acting	in	opposite	directions	in	the	same	plane.	The	calculations	in	that	figure	show	that	the	moment	of	a	couple	(often
simply	called	a	'couple')	is	the	same	about	every	point,	unlike	the	moment	of	a	force.	In	some	texts,	it	is	quite	common	to	read	about	couples	about	the	thoracoscapular	'joint',	the	pelvis	and	other	bodily	structures,	because	it	appears	as	if	only	rotation	occurs.	However,	the	lack	of	obvious	translation	(linear	movement	of	one	of	the	bones	relative	to
another)	may	have	to	do	more	with	restraint	imposed	by	surrounding	tissues	such	as	ligaments	rather	than	the	lack	of	a	resultant	force.	-----------------	Plane	of	the	couple	Clockwise	moment	of	couple	about	point	0:	M	=	F	.	(a+d)-F.a	F.	d	=	F	x	d	in	vector	notation	i.e.	the	moment	of	a	couple	is	independent	=	of	the	distance	a.	Figure	1.8	A	typical	couple
comprising	two	non-collinear	forces	F	What	is	not	often	appreciated	is	the	fact	that	resistance	training	is	really	force	training,	which	requires	the	muscles	to	produce	force	against	an	external	resistance	(e.g.	weights,	elastic	bands,	water	or	specialised	machines).	If	the	external	resistance	is	a	weight,	this	force	may	be	described	by	Newton's	Second
Law	of	Motion,	expressed	in	its	simplest	form	as:	force	F	=	ma,	where	m	is	the	mass	of	the	load	and	a	its	acceleration.	Thus,	it	is	rather	irrelevant	to	discuss	training	programmes	simply	in	terms	of	the	load.	Lighter	loads	can	be	accelerated	much	faster	than	heavy	loads,	so	that	the	largest	force	may	not	necessarily	b:	associated	with	heavier	loads.
Biomechanics	and	Training	The	force	or	torque	(defined	above	as:	torque	=	F	x	d,	where	F	is	the	force	and	d	is	the	perpendicular	distance	from	the	line	of	action	of	the	force	and	the	point	about	which	the	force	produces	rotation)	acting	on	this	load	also	varies	throughout	range	of	the	given	movement,	so	that	the	muscle	tension	varies	constantly	and	it
is	really	muscle	tension	and	degree	of	coordinated	neuromuscular	activation	rather	than	load	lifted	which	determines	the	effectivenessof	an	exercise	(Fig	1.7).	Even	in	the	most	basic	applications	of	resistance	training,	the	concept	of	torque	(or	moment)	is	of	great	pTcticalalue.	T	o	r	T	s	t	a	n	c	e	,	t	n	e	s	i	~	h	~	~	&	l	&	~	t	AxK	t	~	~	shoulder	during
dumbbell	side	raises,	supine	dumbbell	flyes	and	bench	press	by	bringing	the	load	closer	to	the	shoulder	fulcrum,	thereby	enhancing	the	safety	of	these	exercises.	Similarly,	keeping	the	line	of	action	of	the	bar	as	close	as	possible	to	the	body	during	the	Weightlifting	clean	or	powerlifting'deadlift	reduces	the	torque	acting	about	the	lower	lumbar
vertebrae	and	the	hips,	thereby	enabling	a	greater	load	to	be	lifted	with	a	greater	degree	of	safety.	The	common	error	of	swinging	the	bar	away	from	the	body	during	the	later	stages	of	the	pull	during	the	Olympic	snatch	or	the	javelin	further	away	from	the	shoulder	during	the	wind-up	for	the	throw	are	examples	of	the	inefficient	use	of	torque.	The
obvious	implication	of	an	understanding	of	torque	in	the	case	of	all	joints	of	the	body	is	that	the	expression	of	strength	and	power	is	not	merely	a	function	of	changes	in	soft	tissue	structure	or	neuromuscular	efficiency,	but	also	of	the	optimal	use	of	torque	for	any	sporting	movements.	SUPERTRAINING	produces	a	certain	joint	action	(such	as	flaion)
when	only	that	of	force	according	to	Newton's	Laws	(see	later)?,	Similarly,	we	can	define	wncepts	such	as	maximal	power,	as	well	as	m	a	l	torque	and	powex	(rate	of	doing	work).	ibly	the	best	b	m	curve	in	strength	training	is	the	hyperbolic	Force-Velocity	curve	fust	described	by	1.9)	that	is	widely	used	to	reinhrce	the	view	that	maximum	force
produetion	can	occur	anly	at	zero	or	d	e	e	t	s	of	wlwity-centred	and	force-centred	whip	originally	was	derived	fbr	isolated	muscle,	it	has	been	confirmed	for	actual	interaction	between	several	muscle	groups	in	complex	actions	changes	someaspects	atveev,	1964;	Komi,	1.979).	ely	proportional	to	the	load,	that	a	large	force	at	the	~	a	~	l	o	c	i	t	i	are	e
sattained	under	velocity	deperfa	on	the	maximal	iso&c	to	generate	force	ko	overcome	hrtb	or	a	load.	on	exist	to	manage	such	situations,	as	will	later	in	more	detail.	lacity	relationship	is	not	necewrily	a	ing	phenomenon	which	causes	force	to	imal	stimulation.	This	study	showed	e	eccentric	behaviour	of	the	10mr	erectors	(lumbar	level	L3)	appeam	to	be
independent	of	veldcity	while	that	ofthe	upper	erectom	(thoracic	level	T9)	displays	a	dependence	on	length.	At	lower	concentric	a	concavity	in	the	Forevelocity	curves	appeared	after	some	sort	of	"threshold"	velocity	was	exceeded.	VELOCITY	VELOCITY	19	-	-	A	The	influence	of	maximal	isometric	strength	on	dynamic	force	and	velocity	is	greater	in
heavily	resisted,	slow	movements,	although	there	is	no	correlation	between	maximal	velocity	and	maximal	strength	(Zatsiorsky,	1995).	The	ability	to	generate	maximum	strength	and	the	ability	to	produce	high	speeds	are	different	motor	abilities,	so	that	it	is	inappropriate	to	assume	that	development	of	great	strength	will	necessarily	enhance	sporting
speed.	The	effect	of	heavy	strength	training	has	been	shown	to	shift	the	curve	upwards	(as	shown	in	Fig	1.9),	particularly	in	beginners	(Perrine	&	Edgerton,	1978;	Lamb,	1984;	Caioao	et	al,	1981)	and	light,	high	velocity	training	to	shift	the	maximum	of	the	velocity	curve	to	the	right	(Zatsiorsky,	1995).	Since,	in	both	cases,	power	=	force	x	velocity,	the
area	under	the	curve	represents	power,	so	that	this	change	in	curve	profile	with	strength	increase	means	that	power	is	increased	at	all	points	on	the	curve.	The	term	'strength-speed'	is	often	used	as	a	synonym	for	power	capability	in	sport,	with	some	authorities	prefemng	to	distinguish	between	strength-speed	(the	quality	being	enhanced	in	Fig	1.9a)
and	speed-strength	(the	quality	being	enhanced	in	Fig	1.9b).	;li	t&?sl	Optirnisation	of	force,	torque,	speed	and	power	or	the	production	of	'just	the	right	amount	at	the	right	&"e'	of	these	motor	abilities	sometimes	seems	to	be	forgotten,	especially	in	the	so-called	strength,	heavy	or	contact	sports.	All	too	often,	the	solution	to	most	performance
problems	in	such	sports	seems	to	be	a	philosophy	of	"the	greater	the	strength	and	the	greater	the	muscle	hypertrophy,	the	better",	despite	the	fact	that	one	constantly	witnesses	exceptional	performances	being	achieved	in	these	sports	by	lighter	and	less	strong	individuals.	The	full	ramifications	of	the	concept	of	power	often	tends	to	be	lost	in	Western
strength	training	because	the	term	"speed-strength",	directly	translated	fkom	the	Russian	texts	on	strength	training	,is	used	as	its	colloquial	equivalent.	Thus,	we	encounter	programmes	on	how	to	"increase	power",	which	is	entirely	nebulous	in	the	context	of	human	movement,	because	the	concept	of	power	may	appear	in	several	different	forms	in
biomechanics,	namely	'mean	power'	(over	a	given	interval),	peak	power	(at	some	specific	instant)	and	power	at	any	given	instant.	Just	as	it	is	not	very	meaningful	to	develop	maximal	strength	(force)	or	high	mean	force	in	every	situation	or	stage	of	a	movement,	so	it	can	be	equally	inappropriate	to	train	an	athlete	to	simply	develop	C'+mwer",
irrespective	of	context.	One	of	the	central	features	of	all	motor	skill	is	the	ability	to	produce	maximal	power	and	power	in	the	most	efficient	manner	possible.	In	fact,	all	effectivd	strength	utilisation	and	training	means	optimally	timing	the	magnitude	of	force,	power	and	rate	of	force	development	(RFD)	throughout	any	movement.	Since	bodily	motion	is
the	result	of	muscle	action	and	its	underlying	metabolic	processes,	one	must	distinguish	between	internal	and	external	energy	and	work.	Externally,	assuming	no	losses	by	heat	or	sound,	mechanical	energy	usually	occurs	in	the	form	of	potential	energy	(PE)	and	kinetic	energy	(KE),	where	PE	is	the	energy	possessed	by	a	body	by	merit	of	its	position
and	KE	is	the	energy	which	a	body	has	by	virtue	of	its	velocity.	pa)	Although	external	work	is	defined	popularly	as	the	product	of	the	force	and	the	distance	through	which	it	is	exerted,	this	definition	applies	only	if	the	force	is	constant	and	acts	strictly	along	the	path	joining	the	starting	and	end	points	of	the	movement.	The	mathematical	definition
based	on	integral	calculus	generally	is	avoided	in	training	texts,	because	it	is	felt	that	it	may	not	be	adequately	understood	by	the	practitioner,	while	the	popular	definition	usually	attracts	the	condemnation	of	the	scientist,	because	of	its	limited	applicability	and	scope.	For	this	reason,	a	defintion	of	work	in	terms	of	energy	changes	is	given,	namely:	t
Work	W	=	Final	Energy	-	Initial	Energy	=	-	Final	(PE	+	KE)	Initial	(PE	+	KE)	I	Alternatively,	we	could	draw	a	graph	of	how	the	force	varies	with	displacement;	then	work	would	be	given	by	the	area	under	the	curve	between	the	starting	and	end	points	of	the	action	(Fig	1.10).	!Since	some	of	the	fundamental	equations	used	to	analyse	sporting
movements	may	be	expressed	in	the	form	of	suitable	graphs,	this	same	graphic	approach	may	be	adopted	to	enable	us	to	visualise	more	simply	the	implications	of	biomechanics	for	training	and	competition.	In	this	respect,	the	following	relationships	will	be	seen	later	to	play	an	especially	important	role	in	the	biomechanics	of	strength	and	.power	in
sport:	60%	IRM)	Specificity	of	Muscle	Fibre	Recruitment	%.	.:	3	Skeletal	muscle	consists	of	different	types	of	slow	and	fast	twitch	fibres	(see	1.12).	The	intensity,	dur&	pattern	of	loading	imposed	on	the	muscle	determines	the	proportion	of	involvement	by	the	differed	f	and	the	degree	to	which	each	is	conditioned	by	a	given	regime	of	training	(see	1.12
and	especially	Figs	1.3	Moreover,	the	slow	ahd	fast	twitch	fibres	have	different	viscoelastic	properties	and	cross-bridge	life-g	4	.	they	make	different	use	of	the	stretch-shortening	cycle	(see	1.7.2).	.	1	-(a'	Metabolic	Specificity	The	metabolism	of	the	body	copes	differently	with	the	main	types	of	physical	activity:	short-term	strength	efforts.	intc:mediate
muscular	endurance	activity.	and	long-term	cardiovascular	endurance	e	1.14).	~	e	t	a	b	o	l	is	k	very	specific	to	the	intensity	and	d&tion	of	the	sporting	event,	to	the	extent	that	development	of	one	type	of	fitness	may	have	a	profoundly	detrimental	effect	on	another	type	of	fitne	instance,	regular,	in-sewn	'aerobic'	training	can	significantly	decrease	the
strength	and	power	of	weight	track-and-field	athletes.	It	is	vital	to	understand	the	metabolic	specificity	of	each	sport	if	any	training	pro-.	--A	is	to	be	effective	and	safe	(see	Tables	1.3	&	1.4).	w	4	SUPERTRAINING	af	Biochemical	Adaotation	ity,	although	entirely	biochemical	in	nature,	must	be	distinguisfied	from	adaptation	that	takes	muscles	of	the
body	(Platonov,	1988).	These	biochemical	changes	induced	by	training	cs	of	the	loads,	such	as	their	intensity,	duration	and	load-bearing	(static)	c	v	n	e	n	t	s	.	k%ng	involving	prolonged	exercise	causes	significant	changes	in	the	glycogen	level	of	the	skeletal	the	level	and	activity	of	many	mitochondria1	enzymes	that	provide	oxidative	resynthesis	of	ATP.
and	number	of	the	mitochondria	increase.	The	ratio	of	the	different	enzymes	and	the	enzymatic	mitochondria	also	changes	because	the	various	enzymes	do	not	all	change	to	the	same	extent.	p	e	n	t	i	d	of	key	enzymes	in	the	skeletal	muscles	rises:	the	level	and	catalytic	properties	of	CAMPin-kinases	increase,	the	resistance	of	CAMPmetabolism	to
physical	loading	increases.	In	addition,	adaptation	of	the	muscks	to	endurance	ex,ercises	does	not	affect	the	level	of	myosin	and	its	[email	protected]@	and	only	insignificantly	1.aises	d	n	e	phosphokinase	activity,	CP	levels	and	the	intensity	of	8s-	Training	causes	the	activity	of	the	ATP-ase	actomyosin	enzyme	in	cardiac	muscle	and	the	@&y&the
myocardium	to	increase	concomitantly.	Under	the	influence	of	general	endurance	training,	iwith	speed	loads	of	maximal	or	near-nmimal	intensity	significantly	increases	the	activity	of	intensity,	dehydfogenaseactivity,	and	the	levels	of	myosin,	myostromins,	and	myosin	ATP-ase	show	h	g	-training	with	static	strength	lo&,	the	level	of	myosin	and
myostromins,	the	cross-section	of	muscle	gea	increase	less	than	during	training	with	speed	loads	and	prolonged	loads	of	moderate	intensity.	6f	training	are	specific	and	depend	on	the	type	of	training.	the	different	forms	of	skeletal	muscle	on,	it	is	customary	to	single	out	three	basic	ones	in	which	specific	biochemical	changes	predominate:	:,s	=rased
oxidative	resynthesis	of	ATP	-	for	endurance	work	with	prolonged	loading	~~non-oxidative	resynthesis	of	ATP	-	for	work	with	speed	loads	development	of	muscular	hypertrophy	-	for	strength	work.	ility	is	a	measure	of	the	maximum	range	of	movement	of	which	a	joint	is	capable.	It	is	most	commonly	d	in	the	physical	education	setting	by	means	of	the
seated	reach-and-	touch	the	toes	test,	but	this	is	of	little	value	since	each	joint	is	capable	of	moving	in	several	different	diredons	and	planes.	er,	a	high	degree	of	flexibility	in	one	joint	does	not	necessarily	imply	comparable	flexibility	elsewhere.	ty	is	joint	specific,	pattern	specific	and	specific	with	respect	to	the	type	of	loading.	There	are	several	types	of
flexibility,	including	static	active,	static	passive,	ballkiic	and	active	flexibility,	each	of	which	is	t	Specificity	of	Fatigue	Different	types	of	work	produce	specific	fatigue	effects,	especially	during	short-term	exercise	(see	1.1.2).	Some	[muscle	groups	fatigue	more	rapidly	than	others,	the	different	types	of	muscle	fibre	fatigue	at	different	rates,	1	fatgue
produced	by	maximal	effort	is	different	fiom	the	fatigue	produced	by	low	intensity	endurance	activities,	:	nervous	and	metaljolic	fatigue	are	two	distinct	phenomensi,	fatigue	associated	with	muscular	action	is	different	fkom	the	fatigue	associated	with	ligamentous	support,	mental	fatigue	produced	by	maximal	effort	and	wncentration	on	fine	motor
skills	is	largely	different	and	the	fatigue	pattern	produced	by	one	movement	pattern	differs	significantly	from	that	produced	by	another	movement	pattern	using	the	samejoints	and	muscles.	The	recovery	Fate	from	fatigue	after	&f&rent	exercise	regimes	or	using	diffkent	muscle	p	u	p	s	is	also	v	q	different	(e.g.	see	Fig	1.6).	fn	k	t	,	it	may	be	stated	that
the	eflectivemss	of	m	y	trainingprogramme	and	the	ofJitnessproduceddepends	on	the	specijicity	offatigue	as	an	ajier-eflect	of	traimng:	After	all,	adaptation	response	of	the	body	to	cope	with	repeated	exposure	to	given	stressors	and	the	fatigue	induced	by	stressors.	Failure	to	adapt	to	fatigue	in	the	long-term	results	in	stagnation,	deterbration	or	injury.
It	'	whereas	variation	oftmhhg	and	the	use	of	programmes	with	different	primary	emphasis	(see	Ch	6)	can	facili	recovery	and	d	a	n	c	e	sport	specific	fitness.	Other	Types	of	Specificity	powerlifters	and	bodybuilders,	all	of	whom	with	weights	in	ways	which	may	appear	quite	sim&	average	instructor.	Finnish	iesearchers	at	the	University	of	Jyvibkylii
examined	the	characteristicsof	these	.a	pmdwtiun	aad	greatest	utilisation	of	stored	elastic	energy.	pressing	exercises	and	power	cleans	without	appreciating	that	the	manner	of	execution	of	such	m	o	v	e	m	a	&	a	hiwe	a	profound	eff&	on	the	type	of	strength	produced	in	their	athletes.	1.5	Strength	and	~	i	t	n	e	s	s	37a.YTL	J,l?,=.	CftghPg~,n	'1~,7;'1$~
$	2~	mlr	iva.4.	-.d*	j	%	.-f-----.	,	Fitness	is	commonly	regarded	by	the	average	person	as	synonypous	with	the	ability	to	carry	out	endun%	many	cliffereit	qualities	such	as	cardiova&ular	endurance,	flexibility,	local	muscle	endurance	and	$i	or	injury,	no	matter	how	efficient	his	cardiovascularor	respiratory	systems	may	be.	.	*d	exercise,	but	make	iittle
mention	of	the	vital	role	played	by	the	stabilising	(or	bnic)	muscles	sting	dhqg,	same	e	~	e	r	c	h	.	Since	dl	motor	&ions	involve	a	continual	interplay	between	stability	and	[email	protected]	simplistic	kainhg	programmes	m	y	be	seen	to	be	of	limited	value	in	serious	sports	training.	-	'3	Fitness,	Preparedness	and	Work	Capacity	Work	Capacity	Fitness
Preparedness	-.	9	--	--	capacity	to	execute	a	given	task	under	particular	conditio&,	In	general	tenns,$tt~eismay	be	&ned	as.&	to	cope	with	the	&man&	of	a	specific	Lark	[email	protected]	and	safib	(see	1.13).	Preparednea3	unlike	fitness,;$	stable,	but	varies	with	t	h	e	.	It	comprises	two	components,	one	which	is	slow-changing	and	the	other	PT&	r),	-.
SUPERTRAINING	(Zatslorsky,	1W5),where	the	slow	companent	is	fitnem	and	the	fast	component	is	exercise-induced	ne	should	note	this	.	The	term	physicalJitness	refers	to	the	functional	state	ofthe	slowto	motor	activity.	One's	fitness	state	does	not	vary	significantly	over	n	length,	but	one's	ability	to	expressfitness	at	any	instant	may	be	ly	by	mental
state,	sickness,	fatigue,	sleepiness	and	other	fairly	his	ability,	or	instantaneouspreparedness,	is	defined	at	any	given	instant	and	varies	from	of	fitness	and	prepared	to	reach	a	certain	level	of	work	ss.	This	involves	five	interdependent	processes	whi&	determine	The	@or&	Preparation	Preparation:	GPP)and	a	specific	phase	es	(e.g.	stabilisation,
intensification,	each	oi?k&se	phases.	This	book	reference	to	all	types	of	strengthity,	as	discussed	later	in	detail).	ered	in	numerous	specialist	texts,	on,	as	applied	by	Russian	experts	for	many	years,	is	discussed	in	depth	elsewhere	(Siff	&	Yessis,	The	Nature	of	Strength	standing	of	the	factors	which	factors	can	be	modified	by	se	factors	are	structural
and	functional.	Structural	factors,	however,	only	provide	the	potential	for	producing	strength,	since	strength	well	known	that	strength	is	proportional	to	the	cross-sectional	area	of	a	muscle,	so	that	larger	muscles	at	Olympic	weightlifters	nt	muscles	are	not	978).	Furthermore,	optimal	frequency	changes	with	level	of	muscle	fatigue	(Kernel1&	Monster,
1982).	terminants	of	Strength	The	cross-sectional	area	of	the	muscle	.	-	-	.	The	density	of	muscle	fibres	per	unit	cross-sectional	area	The	efficiency	of	mechanical	leverage	across	the	joint	Functional	Factors	The	number	of	muscle	fibres	contracting	simultaneously	The	rate	of	contraction	of	muscle	fibres	The	efficiency	of	synchronisation	of	firing	of	the
muscle	fibres	The	conduction	velocity	in	the	nerve	fibres	The	degree	of	inhibition	of	muscle	fibres	which	do	not	contribute	to	the	movement	The	proportion	of	large	diameter	muscle	fibres	active	The	efficiency	of	cooperation	between	different	types	of	muscle	fibre	The	efficiency	of	the	various	stretch	reflexes	in	controlling	muscle	tension	The
excitation	threshold	of	the	nerve	fibres	supplying	the	muscles	The	initial	length	of	the	muscles	before	contraction	With	reference	to	the	concept	of	synchronising	action	among	muscle	fibres	and	groups,	it	is	important	to	point	out	that	synchronisation	does	not	appear	to	play	a	major	role	in	increasing	the	rate	of	strength	production	(Miller	et	al,	1981).
Efficiency	of	sequentiality	rather	than	simultaneiw	may	be	more	important	in	generating	and	sustaining	muscular	force,	especially	if	stored	elastic	energy	has	to	be	contributed	at	the	most	opportune	moments	into	the	movement	process.	Certainly,	more	research	has	to	be	conducted	before	a	definite	answer	can	be	given	to	the	question	of	strength
increase	with	increased	synchronisation	of	motor	unit	discharge.	Shock	Training	and	Plyometrics	Although	not	mentioned	in	the	preceding	list,	the	connective	tissues	also	play	a	vital	structural	role	in	the	strength	process,	since	they	provide	stability	for	the	muscles,	joints	and	bones,	as	well	as	the	ability	to	store	elastic	energy	for	augmenting	the
working	effect	of	muscle.	The	ability	to	stretch	the	connective	and	elastic	tissues	increases	the	efficiency	of	human	movement	very	markedly,	especially	as	numerous	sporting	activities	involve	stretch-shortening	of	the	muscle	complex,	such	as	running,	jumping,	throwing	and	rapid	lifting.	In	fact,	the	method	now	known	as	plyometric	training	and
developed	as	a	special	speed-strength	training	r,	method	by	Verkhoshansky	relies	entirely	on	this	phenomenon	(discussed	in	later	chapters).	In	this	process,	the	'	increase	in	concentric	strength	in	response	to	rapid	'shock'	loading	is	a	result	of	increased	muscle	tension	elicited	by	the	powerful	myotatic	stretch	reflexand	the	explosive	release	of	elastic
energy	stored	in	the	connective	and	elastic	tissues	of	the	muscle	complex	during	eccentric	muscle	contraction.	It	must	be	pointed	out	that	the	termplyometric	has	been	applied	more	recently	to	what	was	originally	call	the	shock	method	(udarniye	metod)	in	Russia.	Historically,	it	was	apparently	coined	to	mean	contraction.	In	this	scheme	of
nomenclature,	isometric	retained	its	original	meaning	of	muscle	contraction	static	conditions,	miometric	('muscle	shortening	action')	was	synonymous	with	concentric	contraction,	pliometric	(sic)	referred	to	eccentric	(muscle	lengthening)	contraction.	Recently,	varieties	of	jumping	drills	have	been	introduced	to	Western	aerobics	classes	(e.g.	in	the
form	of'	aerobics')	and	athletics	training	as	'plyometrics'.	Invariably,	the	exercises	referred	to	as	being	plyometric	contexts	are	fairly	conventionaljumps	which	do	not	produce	the	characteristics	of	true	'shock'	training.	scientists	prefer	to	retain	the	term	'shock	method'	when	referring	to	general	explosive	rebound	methods	an	jumps'	for	lower	limb
rebound	methods.	If	confusion	with	electric	shock	is	to	be	avoided,	then	it	mig	preferable	to	refer	to	explosive	reactive	methods	as	impulsive	training.	However,	the	persuasive	appe	popular	usage	will	no	doubt	ensure	that	the	term	plyometrics	is	retained	in	preference	to	any	other	word	matter	how	inappropriate.	For	instance,	despite	the	inaccuracy
of	the	term	aer~bicsin	describing	exerc	music	and	cross	training	to	describe	supplementary	sports	training,	the	commercial	market	has	decreed	that	popular	terms	should	be	the	definitive	words	to	use.	All	that	the	scientist	can	do	is	to	accept	the	situation,	but	to	redefine	such	words	to	the	highest	level	accuracy.	Thus,	the	term	plyometrics	(as
opposed	to	pliometric	contraction)	should	be	used	to	refer	to	in	which	an	eccentric	muscle	contraction	is	suddenly	terminated	in	an	explosive	isometric	contraction,	producing	a	powerful	myotatic	reflex,	a	sharp	extension	of	the	passive	components	of	the	muscle	complex	subsequent	explosive	concentric	contraction.	Although	associated	with	jumping,
it	should	not	refer	to	I	SUPERTRAINING	be	a	[email	protected]&	delay-ddkipatim&eWcenerw	drrring	anlonger	bmi.c%phme	the	words	pIimtrics	and	istic	and	rapid	mwernents,	&medire	tissue	can	also+imeasethe	overall	bdkcofthe	muscle	in	produciag.~sable	strength.	Reoently,	it	has	been	Eound	that	increases	in	.the	quality	(or	type)	muscle	fibres
to	the	ce	in.a	di&on	the	muscle	to	dissi%hid	is	$erpendicular	to	its	line	of	d	o	f	i	.and	thtereby	lower	its	'efficiency	in	the	ligaments,	joint	of	passively	stabilisiagdre	joints,	faqiliwng	contact	between	rtance	afthis	passjxirole-should	not	be	forgotten	in	overdl	strength	if	the	mi6nda	of	the	&sculoskeletal	Wstem	is	not	is	to	be	enhanced.	on	muscle
strengtheningat	the	expense	of	tendon	d	'	d	w	m	e	c	t	i	v	e	tissue	strengtheningcan	,	y	and	increase	the	among	steroid	users.	connective	tissues	connective	tissue	'	ing~thesystems	with	the	slowest	rates	and	[email	protected]	of	impulsive	or	explosive	methods	is	essential	for	k	n	e	s	s	and	injury,	particularly	during	the	g	d	physical	oductioa	are	hctional
rather	f	fudpnenkd	concern	to	the	ekcixbl	iqulses	supplied	to	&	muscles	by	the	nerves.	Current	preoccupation	with	the	u	h	of	h	h	B	c	stef~ids~to	pkoduce	physical	bulk	thus	m	y	be	seen	to	be	misplaced,	unless	bodybuilding	bulk	is	the	sojewbjectiver	B	e	dewloprnent	of	specialised	.	&aining	regimes	to	enhance	nervous	system	conditioning	would	be
sdi"eritifTcai1y	and	morally	more	advisable,	.	~irticularlyin	view	of	the	side	effects	of	drugs	and	the	ethics	of	their	use.	--	--	1.7	The	Muscle	Complex	Muscle	consists	of	&	active	contractile	and	a	passive	n~n-conth&bmtnponeht.	The	former	consists	of	a	system	of'[email	protected]	fibres	who&	p	s	e	is	to'm~vereldve	to	me	amthe;	and	produce	overall
cdnbaction.	The	latter	comprises	a	set	of	difierent	+of	connectivetissuesmch	astendons,	ligaments	and	sheaths	amund	the	muscle	fibres.	These	provide	a	s	t	r	u	c	fiamekmk	~	for	the	muscles	and	a	network	of	'contlections	beheen'	many	parts	of	the	musc$oskeletal	system,	'which	both'	stabilises	'and	transmits	forces	~	u	g	h	o	u	the	t	body.	Functiondly,
they	perform	the	very	important	role	of	absorbing	a	6	releasing	elastic	energy.	to	h	e	e	the	efficiencyof	muscular	&%on.	1.7.1	The	Structure	of	Muscle	.	.	.	Skeletal	p	c	l	e	comprises	many	hm&	or	thousands	of	sm'all	fibres,	each	encfbsed	at	successive	levels	of	size	by	a	sheath	of	connective	tissue	and	supplied	by	nerve	fibres	and	a	rich	blood	supply,
&h	indi&dd"bhscle	fibre	is	surrounded	by	a	sheatli	calledLthee	~	s	i	u	m	.Several	of	these	fibres	are	gronped	t6gether	to	fonn	SUPERTRAINING	bundles	called	fasciculi	or	fmcicles	encased	in	their	own	sheath	or	perimysium..	Groups	of	these	fascidq	the	entire	muscle,	which	is	enclosed	in	a	strong	sheath	called	the	epimysium	orfmcia	(Fig	1.15).	,	,	At
a	more	microscopic	level,	each	muscle	fibre	cell	contains	several	hundred	to	several	thousand	p	W	likell~yofibriis('myo-'	means	muscle),	each	of	which,	in	tum,'comprises	a	chain	of	basic	contractile	units$	as	sarcomeres.	The	sarcomeres	are	composed	of	an	intermeshing	complex	of	about	1500	thickand	30o	filaments,	the	thick	filaments	consisting	of
myosin	and	the	thin	filaments	of	actin	There	are	small	prole	from	the	surface	of	the	myosin	filaments	called	cross-bridges.	It	is	their	temporary	attachment	to	spec&:	on	the	actin	filaments	which	forms	the	basis	for	muscle	contraction.	The	myofibrils	appear	striated	when	examined	optically	or	stained	by	dyes.	Some	zones	rotate	the	pZ;	light
polarisation	weakly	and	hence	are	called	isotropic	or	I-bands.	Other	zones,	alternating	with	theis	bands,	produce	strong	polarisation	of	light,	thereby	indicating	a	highly	ordered	substructure	composed	dd	referred	to	as	anisotropic	or	A-bands.	Each	of	these	bands	are	interrupted	in	its	midsection	by	a	lighter	st^	H-band	(	h	m	the	German	'belle'	or
bright),	which	is	visible	only	in	relaxed	muscle.	Each	H-band	is	b	d.	M-bund	which	interconnects	adjacent	myosin	filaments.	~4	-	.$$	-	laround	fibres)	Actrn	filament	/	I	t	-.	..'.'.'.	-	-=F...-.	-	----	-14i,:.--'-.	.....	...	____	...	.	.	...	...	-----..--....	-	-.	_____-	-e-e	-	Myosin	filament	-	-	...	-	---	---.	.-	..	.	-...	-..--	.	.-.	X	--	Cross-bridges	-.-	.-.	..	-	:	I	,	a'.	.---)	.	.'	-:--.--	I	I	--Actin--_----I
Mament	Myosin	filament	Figure	The	organisation	of	muscle	at	different	levels	4	The	I-bands	are	intersected	transversely	by	discs	that	hold	the	ends	of	the	thin	filaments	together,	the	so-call*'	discs	or	membranes	(from	the	German	'zwiscbenscheibe'	or	intermediate	discs).	We	can	now	define	a	sarco	to	be	that	portion	of	a	myofibril	which	lies	between
two	successive	Z-discs.	Its	leflgth	in	a	fully	relaxed	muscle:,	about	2.2	microns	(1	micron	=	1	millionth	of	a	metre).	Besides	transverse	connections	being	made	by	M-ba	between	myosin	filaments,	the	connective	tissue	called	desmin	interconnects	sarcomeres	between	myofibrils.	Desmin	is	a	protein	located	mainly	in	the	Z	discs	which	connect	adjacent
Z	disks	and	Z	d	edge	of	the	fiber	to	the	costamere	in	the	surface	membrane.	Thus	it	contributes	to	the	alignment	of	Z	di	a	fiber	and	will	also	transmit	lateral	tension.	For	example,	if	some	sarcomeres	in	a	myofibril	were	longitudinal	transmission	of	tension	could	still	occur	by	lateral	tmnsmission	to	intact	neighbouring	m	addition,	elastic	filaments
comprising	the	very	large-molecular	weight	protein	titin	interconnects	the	Z	myosin	filaments	via	the	M-bands.	It	is	responsible	for	much	of	the	resting	tension	in	highly	stretched	Ifibersplays	an	important	role	in	locating	the	thick	filaments	in	the	center	of	the	sarcomere.	These	non-co	SUPERTRAINING	I	groteins	are	s	the	damping	During	c	a	muscle
cor	overlap	betwl	1	contraction.	To	unde~	constructed.	stranded	lighl	and	head	(ma	of	the	neck	ar	relatively	lar	these	molecu	from	all	sides	the	series	and	parallel	elastic	elements	@FX	and	PBC),	s	w	e	l	l	as	the	muscle	model	presented	in	the	next	&.	(Fig	1.16).	It	is	these	protrusions	which	constitute	the	cross-bridges.	filam	of	fit	consi	on	the	actin
filament	where	the	-sin	cross-bridges	can	attach	themselves.	tor	ratchet	theory	of	muscle	contraction	postulates	that	in	the	resting	statethe	active	are	inhibited	by	the	troponin-tropomyosincomplex	(the	triple	cluster	systgn),.thereby	Triple	cluster	of	.	SUPERTRAINING	membranes	of	the	axonal	ending	and	the	muscle	fibre.	The	electrical	impulse
causes	the	tiny	sy	(vessels)	within	the	axonal	ending	to	release	a	special	chemical	transmitter	(a	neuroh-ammitter)	sub	acetylcholine	which	travels	across	the	cleft	and	signals	the	sarcoplasrnic	reticulum	to	release	the	calcium	When	the	concentration	of	calcium	ions	released	reach	a	certain	concentration,	the	heads	of	the	cro	appear	to	attach	to	the
active	sites	on	the	actin	filaments,	tilt	to	a	more	acute	angle	and	pull	the	actin	between	the	thick	myosin	filaments.	This	firmly	bonded	state	between	head	and	active	site	is	known	as	complex.	d	An	energy-producing	process	involving	the	high	energy	phosphate	molecule	ATP	(adenosine	tri	and	its	breakdown	by-product	ADP	(adenosine	diphosphate)
apparently	occurs	to	establish	a	cycle	o	pulls	by	the	cross-bridges,	which	results	in	the	muscle	shortening	in	progressive	stages.	The	contribd	numerous	miniature	pulls	exerted	by	thousands	of	myofibrils	add	up	to	produce	overall	contraction	of	t	k	e	.	4	muscle:	group.	-	I	I	spinal	cord	axon	motor	neuron	.	rnyofibril	sarcolemma	(folded	back)
mitochondrion	....--	-..-	..-.	.-	..	sarcoplasmic	W	l	u	m	'	T-tubule	F	i	e	1.17	The	neuromuscularjunction	clT	The	postulated	ratchet	mechanism	for	contraction	takes	place	when	the	head	of	a	cross-bridge	attaches	it&	nearby	active	site	on	the	actin	filament,	flexes	backwards	at	its	hinges	and	tugs	the	actin	filament	with'	1.18).	This	action	is	known	as	the
power	stroke.	Immediately	after	a	full	stroke,	the	head	releases	itSC	forwards	to	its	original	position,	attaches	to	the	next	active	site	further	down	the	filament	and	carries	out	i	power	stroke.	This	process	is	continued,	pulling	the	actin	filaments	towards	the	centre	of	the	myosin	fiI	(thereby	closing	the	H-band)	and	summating	with	the	similar	actions	of
thousands	of	other	fibres	to	final	muscle	contraction.	The	energy	for	this	process	is	supplied	in	the	form	of	ATP	by	the	'powe	mitochondria,	of	the	muscle	cells.	1	3	-	Hinges	-fl	MOVEMENT	.-	7'	Figure	1.18	The	sliding	filament	mechanism	of	muscle	contraction	If	the	sarcomere	shortens	to	its	limits,'the	opposing	actin	filaments	overlap,	cross-bridging	is
inhibited	discs	abut	against	the	ends	of	the	myosin,	resulting	in	diminished	strength	of	contraction.	Any	further	may	have	to	be	achieved	by	folding	or	spiralling	of	the	myosin	filaments	(Guyton,	1984).	In	addition	to	contraction	being	caused	by	change	in	the	extent	of	overlap	between	actin	and	filaments,	some	of	the	change	in	muscle	length	may	also
be	caused	by	change	in	the	length	of	the	pitch	of	helix	(spiral).	This	process	may	be	encountered	under	conditions	of	intense	muscuIar	contraction,	SUPERTRAINING	binding	proteins	that	transduce	force	or	sever	actin	filaments,	supporting	other	proposals	that	actin	is	not.	merely	a	passive	cable,	but	plays	an	active	mechanical-chemicalrole	in	cell
function	(Janmey,	1990).	12.	Force	development	lags	stiffness	development	in	muscle	fibres	by	more	than	15	milliseconds	and	has	led	some	investigators	to	postulate	additional	cross-bridge	states	(Bagni	et	al,	1988).	Related	research	bas	shown	that	during	activation,	the	attachment	of	myosin	to	actin,	measured	by	mechanical	stiffness,	precedes
tension	generation	by	10-30	ms,	suggesting	that	series	elasticity	may	be	an	important	contributor	to	this	lag,	between	tension	and	stiffness	(Luo	et	al,	1994).	13.	When	sarcomere	length	increases	or	when	the	fibre	spacing	becomes	lower	than	the	head	long	axis,	so	that,	in	bridges	cannot	attach,	suggesting	optimal	relative	dispositions	between	c
Consequently,	it	is	probably	incorrect	to	regard	cross-bridges	as	indep	idea	requires	cross-bridge	properties	to	be	independent	of	sarcomere	1	Related	work	has	also	shown	that	decrease	in	conduction	velocity	mainly	by	a	decrease	in	fibre	diameter	(Morimoto,	1986).	muscle	actions	may	allow	one	to	compensate	for	any	decrement	14.	There	appear	to
be	small	perturbations	in	the	cross-bridge	con	bridges	do	not	necessarily	detach	from	actin	during	their	power-strokes.	Instead	they	may	traverse	the	e	length	of	the	power	stroke	and	detached	only	at	the	end,	so	that	cross-bridge	cycling	in	isometric	fibres	due	to	fluctuations	in	the	relative	positions	of	thick	and	thin	filaments	(Pate	&	Cooke,	1988).
15.	When	insect	flight	muscle	is	stretched,	its	ATP	breakdown	rate	increases	and	it	viscosity',	which	allows	it	to	perform	oscillatory	work,	so	that	the	attachment	rate	is	stretching.	When	the	muscle	is	stretched	suddenly,	the	power	stroke	responds	very	rapidly,	time	lag	before	dissociation	at	the	end	of	the	cycle	catches	up	with	the	increased	attac
causes	the	delayed	tension	and	hence	also	the	negative	viscosity	(Thomas	&	Thornhill,	1996).	Whether	sort	of	process	occurs	during	explosively	rapid	movement	in	human	mu:c%	fias	yet	to	be	shown.	16.	The	rate	of	decay	of	torque	following	stretch	does	not	depend	upon	stretch	variable	significant	changes	in	EMG	activity	suggests	that	reflex	activity
does	not	account	for	when	large	initial	forces	are	involved.	Time-constants	of	decay	were	much	greater	than	timeof	isometric	torque	at	the	same	muscle	length,	indicating	that	interaction	of	series	elastic	elementsis	not	the	sole	cause	of	prolonged	torque	following	stretch.	Thus	it	seems	enhances	the	intrinsic	contractile	properties	of	human	muscle,
rather	than	the	nervous	processes	(Thomson	&	Chapman,	1988).	17.	Recent	research	suggests	that	the	myosin	cross-bridge	theory	may	no	longer	be	adequate	to	acco	certain	basic	facts	concerning	muscle	contraction.	A	mechanism	based	on	length	changes	in	actin	fil	might	provide	a	simpler	explanation	for	how	the	free	energy	of	ATP	breakdown	can
be	transformed	work	by	muscle	fibres	(Schutt	&	Lindberg,	1993)	18.	Research	shows	that	the	crossbridge	structure	changes	dramatically	between	relax	after	ATP	release	(Hirose	et	al,	1994).	Most	crossbridges	are	detached	in	relaxed	state,	all	are	attached	and	display	a	characteristic	asymmetric	viewed	from	the	M-line	towards	the	Z-line.
Immediately	after	ATP	release,	be	developed	(20	ms)	a	much	more	diverse	collection	of	crossbr	population.	The	proportion	of	attached	crossbridges	changes	little	over	the	next	but	the	distribution	of	the	crossbridges	among	different	structural	classes	continue	attached	crossbridge	(presumably	weakly	attached)	increase	proportion	of	several	other
attached	non-rigor	crossbridge	shapes	increases	in	of	active	tension.	These	findings	strongly	support	models	of	muscle	contraction	that	have	attribu	generation	to	structural	changes	in	attached	crossbridges.	1.7.2	A	M	o	d	e	l	of	the	M	u	s	c	l	e	C	o	m	p	l	e	x	It	is	relatively	meaningless	to	discuss	muscle	action	without	associated	with	muscle.	These
tissues	occur	in	the	form	of	as	linkages	between	myosin	filaments,	as	2-discs	at	the	ends	of	muscle	filaments,	muscles.	Not	only	do	they	protect,	connect	and	enclose	muscle	tissue,	but	they	play	a	vital	role	in	dete	40	iimprises	a	contractile	component,	the	actin-myosin	system,	and	a	non-contractile	component,	ssue.	In	mechanical	terms,	muscle	may	be
analysed	further	(according	to	Levin	&	Wyrnan,	:a%ontractilecomponent	in	series	with	a	series	elastic	component	(SEC)	and	in	parallel	with	a	$the	sheaths	around	the	muscle	and	its	sub-units.	On	the	other	hand,	the	SEC	is	considered	to	be	cross-bridges,	myofilments,	titin	filaments	and	the	Zdiscs.	Of	these	elements,	the	ently	provide	the	greatest
contribution	to	the	SEC	(Suzuki	&	Sugi,	1983).	PARALLEL	ELASTIC	$simple	mechanical	model	of	the	muscle	complex	3ky	the	PEC	is	small	and	contributes	little	to	the	energy	balance	of	exercise	(Cavagna,	1977).	On	the	1-e	storage	of	energy	occurs	in	the	SEC,	since	an	actively	contracted	muscle	resists	stretching	me,	it	has	been	shown	that
mechanical	strain	imposed	by	stretching	a	contracted	muscle	is	smaller	in	btha	preponderance	of	ST	(slow	twitch)	fibres,	whereas	the	stored	elastic	energy	is	greater	in	FT	fibres	.	)	C	The	same	study	has	also	suggested	that	the	elasticity	of	the	SEC	in	a	slow	muscle	is	greater	than	--	-	&ended	f&	continuous	support	of	posture.	Conversely,	the	lower
stiffness,	greater	compliance	and	$ticity	of	a	strongly	contracting	fast	muscle	is	eminently	suited	to	enhancing	speed	and	efficiency	of	&	Further	research	has	indicated	that	the	differences	in	mechanical	properties	between	fast	and	slow	response	to	passive	stretching	are	to	a	large	extent	due	t~	their	content	of	collagen.	m	o	d	son	slow	muscles	to
significantly	enhance	their	flexibility.	,are	known	to	be	compliant	structures	which	may	stretch	considerably	before	they	detach	from	the	tes	on	the	actin	filaments.	It	is	believed	that	this	compliance	may	be	caused	by	rotation	of	the	~	~	h	g	e	n	o	component,	us	but	also	due	to	its	contractile	tissue.	$s	@atedearlier,	if	a	relaxed	muscle	is	stretched
beyond	its	resting	length,	it	is	the	PEC	which	appears	to	be	C	.qpssed	to	the	resulting	tension,	whereas	in	active	muscle	it	is	the	SEC	which	is	subjected	to	most	tension.	&plies	that	static,	relaxed	ballistic	and	passive	stretching	have	the	greatest	effect	on	the	PEC,	while	tense	Sbrc	and	active	stretching	affects	predominantly	the	SEC.	The	various
physiotherapeutic	PNF	(Proprioceptive	h	m	u	s	c	u	l	a	r	Facilitation)	flexibility	techniques	appear	to	be	able	to	stretch	and	strengthen	both	the	SEC	and	S	UPERTRAINING	the	PEC,	as	well	as	the	associated	muscles.	Weight	and	other	resistance	training	routines	based	on	the	same	principles	can	achieve	similar	results.	Further	Information	on
Collagenous	Tissue	The	connective	tissues	comprise	essentially	three	types	of	fibre,	namely	collagen,	elastin	and	reticulin,	wi	former	two	fibres	constituting	approximately	90%	of	the	whole.	The	collagen	fibres	(of	which	there	are	at	lea	distinct	types)	impart	strength	and	stiffness	to	the	tissue,	the	elastin	provides	compliance	or	extensibility	'	loading,
and	reticulin	furnishes	bulk	(Fung,	1981).	The	elastic	fibres	occur	in	small	concentrations	intercellular	matrix	of	tendons	and	most	ligaments,	but	their	function	is	not	entirely	clear.	It	has	been	su	that	they	may	play	a	role	in	restoring	the	crimped	wllagen	fibre	configuration	after	stretching	or	contraction	(Minns	et	al,	1973).	The	behaviour	of	the
collagenous	tissues	in	response	to	mechanical	stress	depends	on	the	orientation	of	the	fibres,	the	properties	of	the	collagen	and	elastin	fibres,	and	the	relative	proportions	o	and	elastin.	The	structural	orientation	of	the	fibres	differs	for	the	various	collagenous	tissues	and	is	specifi	suited	to	the	functions	of	each	tissue.	In	particular,	the	tendon	fibres
are	closely	packed	and	virtually	parallel,	but	for	a	slight	waviness	relaxed	state.	This	simplicity	of	structure	suffices	for	tendon,	since	the	latter	usually	has	to	transmit	linearly	from	one	point	to	another.	In	ligaments	and	joint	capsules	the	fibre	organisation,	though	still	parallel,	is	less	uniform	and	often	oblique	or	spiral,	its	exact	structure	depending	on
the	fimcsion	of	ligament.	Most	ligaments	are	purely	collagenous,	the	only	elastin	fibres	being	those	which	are	assoc	blood	vessels.	Virtually	the	only	ligaments	which	are	mostly	elastin	are	the	ligamentum	flavurn	of	the	human	and	the	ligamentum	nuchae	of	the	necks	of	ruminating	animals,	both	of	which	are	composed	of	about	twoelastin	fibres	and
therefore	display	almost	completely	elastic	behaviour	(Nachemson	&	Evans,	1968).	Perman	deformation	of	such	ligaments	by	traditional	stretches,	therefore,	would	be	unlikely.	In	general,	the	structure	ligament	has	to	be	more	complex	than	that	of	tendon,	because	joint	ligaments	H%e+to	control	forces	over	a	1	number	of	degrees	of	freedom.
Thus,the	stretching	of	ligaments	requires	a	more	extensive	variety	of	techniques.	The	collagen	network	of	skin	is	a	complicated	three-dimensional	fibrous	structure	which	allows	it	to	de	considerably	without	necessitating	elongation	of	individual	fibres.	The	Structure	and	Function	of	Ligaments	and	Tendons	Both	ligaments	and	tendons	are	similar	in
the	manner	in	which	their	structures	gradually	alter	as	they	appro	their	attachment	sites	to	bone.	For	instance,	the	transition	fiom	ligament	to	bone	is	gmdual,	with	rows	fibrocytes	in	the	ligament	transforming	into	groups	of	osteocytes,	then	gradually	dispersing	into	th	by	way	of	an	intermediate	stage	in	which	the	cells	resemble	chondrocytes	(Fung,
1981).	Some	au	divided	the	insertion	region	of	ligament	into	four	zones:	the	collagen	fibres	at	the	end	of	the	ligament	(Zone	intermesh	with	fibmartilage	(Zone	2),	which	gradually	becomes	mineralized	fibrooartilage	(Zone	3).	The	1	complex	finally.merges	with	cortical	bone	(Zone	4).	Thus,	the	stress	concentration	at	the	insertion	of	the	li	into	the	more
rigid	bone	structure	is	decreased	by	the	existence	of	these	three	progressively	stiffer	transition4	composite	materials	(Fig	1.20).	Tendon	differs	from	ligament	in	that	only	one	end	inserts	into	bone,	whereas	in	most	ligaments	both	ends,	attach	to	bone.	Transition	from	tendon	into	bone	is	generally	not	quite	as	distinct	as	in	ligament,	and	tendon	inserts
broadly	into	the	main	fibrous	layer	of	the	periosteum.	Nevertheless,	as	in	ligaments,	the	same	type	of	gradual	transition	in	four	zones	from	collagen	to	bone	may	be	identified	(Fig	1.20).	This	structure,	as	before,	:,	.	minimizes	the	detrimental	effects	of	sudden	stretching	or	loading	which	would	occur	if	there	were	an	abrupt,,	transition	fiom	muscle	to
collagen	and	then	to	bone.	Whereas	ligaments	are	often	closely	associated	with	joint	capsules,	tendons	occur	in	two	basic	forms:	those	with	sheaths	(called	paratenons)	and	others	without	sheaths.	Sheaths	generally	surround	tendons	where	large	,	frictional	forces	are	found	and	provide	lubrication	by	means	of	synovial	fluid	produced	by	their	synovial
cells.	:	Thus,	it	may	be	seen	that	tendons	with	sheaths	have	a	larger	PEC	than	unsheathed	tendons	and	any	stretching	in	the	relaxed	state	will	probably	have	a	greater	effect	on	the	sheath.	The	tendon	itself	comprises	primarily	the	SEC	which	is	tensed	only	when	its	attendant	muscle	is	active.	This	again	emphasizes	that	different	stretching	techniques
are	necessary	for	enhancing	the	extensibility	of	the	different	tissues	(see	3.5.8).	SUPERTRAINING	MUSCLE	m	.u	,	BONE	.20	The	structural	transition	of	typical	collagenoustissue	to	bone.	w	lanical	Loading	of	Collagenous	Tissue	stretching	is	a	particular	type	of	mechanical	loading,	application	of	stretching	can	be	more	effectively	:d	if	the	effects	of
loading	on	collagen	are	studied	carefully.	In	fact,	physiological	stretching	is	possible	se	collagen	is	a	viscoelastic	material;	that	is,	under	rapid	loading	it	behaves	elastically,	while	under	gradual	g	it	is	viscous	and	can	deform	plastically.	igure	121	illustrates	the	behaviour	of	collagenous	tissue	in	response	to	loading	to	failure.	The	initial	concave	$m	of
the	curve	(Region	I)	has	been	termed	the	"toeregion"and	applies	to	the	physiological	range	in	which	the	p	normally	functions.	It	probably	represents	a	structural	change	from	the	relaxed	crimped	state	of	the	tissue	;straighter,	more	parallel	arrangement	(Viidik,	1973).	Little	force	is	required	to	produce	elongation	in	the	early	;of	this	region,	but
continued	force	produces	a	stiffer	tissue	in	which	the	strain	(i.e.	elongation	per	unit	length	bsue)	is	between	0.02	and	0.04	(Viidik,	1973).	Cyclic	loading	up	to	this	degree	of	strain	produces	an	elastic	se,wbile	unloading	from	this	state	restores	the	original	crimped	(or	planar	zigzag)	pattern	and	resting	length	I	tissue.	In	other	words,	mild	stretching	of
collagenous	tissue	within	the	~	e	g	i	o	not	n	produce	~	long-term	a*.	INJURY	'	m	PHYSIOLOGICAL	0	-	I	I	0	1	I	2	3	I	4	I	5	6	7	8	JOINT	DISPLACEMENT	(mm)	Figure	1.21	The	response	of	typical	collagenous	tissue	to	loading	to	failure,	showing	the	four	characteristicregions	observed	during	id	loading	of	an	anterior	cruciate	ligament	(Frankel	&	Nordin,
1980).	P	next,	almost	linear,	region	(Region	11)	shows	the	response	to	increased	loading.	Here	the	fibres	have	lost	their	g	and	are	distinctly	parallel,	a	situation	which	is	believed	to	be	caused	by	re-organisation	of	the	fibre	within	the	tissues.	Small	force	decreases	in	the	curve	may	sometimes	be	observed	just	prior	to	the	end	of	11,	heralding	the	early,
sequential	microfailure	of	some	overstretched	fibres.	At	this	point,	the	dangers	of	hing	defmitefy	become	significant.	Region	I11	corresponds	to	the	force	imposed	on	the	tissues	from	f	microfailure	to	the	sudden	occurrence	of	complete	failure	(Region	IV).Such	a	situation	will	occur	the	stretching	in	Region	11continues	to	elongate	the	tissues	or	if
ballistic	movements	are	applied	in	this	state.	Since	tendons	and	ligaments	are	viscoelastic,	they	also	exhibit	sensitivity	to	loading	rate,	and	undergo	stress	laxation,	creep	and	hysteresis.	For	instance,	Figure	1.22	represents	the	phenomenon	of	stress	relaxation	in	an	anterior	cruciate	ligament	while	it	is	loaded	at	a	finite	strain	rate	and	its	length	is	then
held	constant.	The	macteristic	hysteresis:	curve	(n	=	1)	in	Figure	1.22(a)	corresponds	to	the	case	in	which	the	ligament	was	loaded	about	one-1third	of	its	failure:	load	and	then	immediately	unloaded	at	a	constant	rate.	$	;:.	SUPERTRAINING	2-	h	z.	P'	1%	-	.	-	F'	.c;	7	,	,	If	the	curve	f	d	s	to	return	to	its	starting	point	it	indicates	that	the	material	has
become	permanently	deformed,	a	process	which,	if	repeated	regularly,	can	lead	to	ligament	laxity.	Prolonged,	excessive	stretching	of	this	type	encouragesjoint	mobility	at	the	expense	of	its	stability	so	that	the	joint	then	has	to	rely	more	on	its	muscles	for	stability.	Despite	the	widespread	opinion	that	the	muscles	act	as	efficient	synergistic	stabilisers,
it	should	be	remembered	that	the	musculature	cannot	respond	quickly	enough	to	protect	a	joint	against	injury	if	large	impacts	are	applied	rapidly,	particularly	if	they	are	torsional.	Sincejoint	stability	involves	three-dimensional	actions	over	several	degrees	of	freedom,	the	necessity	for	appropriately	conditioning	all	the	interacting	soft	tissues	becomes
obvious.	Joint	stabilisation	and	flexibility	are	discussed	in	greater	detail	later	(see	3.5.6).	(a)	(b)	n	LOAD	(F)	X=X1,2,3	I	X1	X2	I	X3	DEFORMATION(X)	TIME	Figure	1.22	Hysteresisand	stress	relaxatien	cwves	of	an	anterior	mciate	ligament	(Viidik,	1973).	Figure	[email	protected])	refm	to	the	case	in	which	the	ligament	was	subjected	to	the	same	@	F(0)
and	then	the	length	was	held	constant,	thereby	revealing	asymptotic	relaxation	to	a	limiting	value	F(A).	Whysteresis	loop	is	generally	small	for	collagen	and	elastin,	but	large	for	muscle,	while	stress	relaxation	is	small	for	elastin,	larger	for	collagen	and	very	large	for	smooth	muscle.	Other	loading	phenomena	also	need	to	be	noted.	For	example,	if
collagenous	tissue	is	tested	by	imposing	a	successive	series	of	loading-unloading	cycles	with	a	resting	period	of	10	minutes	between	each	cycle,	curves	such	as	those	indicated	by	n	=	2	and	3	in	Figure	1.22	will	be	produced.	Figure	1.22(a)	shows	that	the	initial	toe	region	increases	in	extent	as	the	hysteresis	curves	shift	progressively	to	the	right.	At	the
same	time,	the	stress	relaxation	curves	of	Figure	[email	protected])shift	upward.	If	the	test	is	repeated	indefinitely,	the	difference	between	successive	curves	decreases	and	eventually	disappears.	The	tissue	is	then	said	to	have	been	preconditioned,	a	state	which	is	achieved	because	the	internal	structure	of	the	tissue	alters	with	cycling.	This	type	of
conditioning	towards	enhanced	stability	is	the	aim	of	stretching	exercises.	The	hysteresis	curve	also	offers	a	way	of	distinguishing	between	the	relative	contributions	of	elasticity	and	viscosity	to	a	tissue's	behaviour.	If	the	vertical	distance	between	the	loading	and	unloading	curves	(e-g.	in	Fig	1.22)	is	zero,	the	load-deformation	graph	becomes	a
straight	line	and	the	tissue	is	purely	elastic,	obeying	Hooke's	Law	(i.e.	elongation	x	is	directly	proportional	to	applied	force	F,	or	F	=	k.x).	The	larger	the	vertical	distance	between	the	two	curves,	the	more	viscous	is	the	material,	the	more	deformable	it	becomes	and	the	more	it	dissipates	hposed	shocks.	In	addition,	the	slope	of	the	hysteresis	curve
gives	a	measure	of	the	stiffhess	of	the	tissue,	with	a	steep	slope	being	characteristic	of	a	very	stiff	material	that	does	not	extend	much	under	loading.	The	biomechanical	performance	of	collagenoustissues	depends	largely	on	their	loading	rate.	For	instance,	if	a	joint	is	subjected	to	constant	low	intensity	loading	over	a	.extended	period,	slow
deformation	of	the	tissues	occurs,	a	phenomenon	known	as	creep	and	which	is	characteristic	of	viscoelastic	substances	in	general.	Furthermore,	collagenous	tissue	increases	significantly	in	strength	and	stiffhess	with	increased	rate	of	loading,	thereby	emphasizing	the	intelligent	use	of	training	with	high	acceleration	methods.	One	study	found	an
increase	of	almost	50%	in	load	of	knee	ligaments	to	failure	when	the	loading	rate	was	increased	fourfold	(Kennedy	et	al,	1976).	Of	further	interest	is	the	fact	that,	at	slow	loading	rates,	the	bony	insertion	of	a	ligament	is	the	weakest	component	of	the	ligament-bone	complex,	whereas	the	ligament	is	the	weakest	component	at	very	fast	loading	rates.
These	results	imply	that,	with	an	increase	in	loading	rate,	the	strength	of	bone	(which	also	contains	collagen)	increases	more	than	the	strength	of	the	ligament	(Frankel	&	Nordin,	1980).	Of	added	relevance	is	the	SUPERTRAINING	the	strength	of	its	associated	muscle,	than	in	tendon	(Elliott,	1967).	"facts	are	&rectly	relevant	to	appreciatingthe
difference	between	static,	passive	and	ballistic	modes	of	rent	effects	on	the	each	of	the	soft	tissues	afthe	body	ial	analysis	it	would	appear	as	if	dynamic	contraction	of	the	muscles	of	the	arms	and	legs	during	g	would	account	for	a	considerable	amount	of	the	expenditure	of	energy.	Conversely,	it	s	is	about	the	same	as	those	with	from	step	to	step	as
elastic	energy	in	is	significant	change	in	length	of	the	tendons,	but	g	active	movement,	the	mechanical	energy	stored	in	the	PEC	is	imdl	and	contributes	little	to	the	energy	storage	can	occur	in	the	SEC	during	dynamic	,particularly	if	the	stretching	is	losive	rebound	Iplyometric)	training	------------	SEC	is	implicated	in	activity	when	the	muscle	is
contracted,	the	PEC	exerts	tension	passively	dated	muscle	is	stretched.	The	contributionof	the	PEG	to	tobl	mume	tension	increases	with	a	finding	which	is	most	relevant	to	inkgating	flexibility	conditioning	into	.an	all-round	f	tendons	serving	to	attach	muscle	to	bone	presents	only	part	of	the	picture.	Tendons,	elastic	components,	particularly	after
termination	[email	protected]	isometric	or	eccentric	ion	and	other	motor	a&,	thereby	saving	a	of	the	muscle	activity	in	mining	is	associated	with	tensioning	of	the	cessive	cycles	of	movement.(Cavagna,	1977).	This	tensioning	or	muscle	contractions	is	achieved	with	very	little	change	in	the	that	the	forces	involved	are	derived	mainly	fiom	isometric	ons
thermo$p.amically	are	,it	is	important	that	any	stretching	to	store	elastic	energy	throughout	their	exercises	shauld	be	accompanied	by	strength	conditioning	against	adequate	resistance.	Similarly,	ligaments	should	not	be	overstretched	to	the	paint	of	diminished	joint	stability.	The	ability	to	use	stored	elastic	energy	depends	on	the	velocity	of
stretching,	the	magnitude	of	the	stretch	and	the	duration	of	the	transition	between	termination	of	+e	eccentric	and	initiation	of	the	eccentric	phases	of	the	d	be	minimal	or	the	stored	elastic	energy	will	be	rapidly	fewer	cross-bridges	to	remain	attached	after	the	stretch	of	stretching	d	u	r	i	n	g	t	h	h	e	c	c	e	~	~	$	h	e	g	m	a	m	-	The	increase	in	positive
work	associated	with	rapid	e	c	c	a	t	r	i	~	c	e	n	t	r	i	c(or	plyometric)	contractions	is	usually	attribl~tddto	the	storage	and	utilisation	of	elastic	energy,	but	some	of	this	enhanced	work	wtput	is	probably	caused	by	pre-loading	(or,	pre-stretch)	of	the	muscle	complex,	This	is	due	to	the	fact	that,	during	an	impulsive	eccentric-concentric	action,	the	tension	at
the	beginaing	of	the	concentric	contraction	is	much	greater	than	if	the	contraction	had	started	from	rest.	The	Influence	of	Exercise	on	Connective	Tissue	Various	animal	studies	have	produced	the	following	findings	regarding	the	effect	of	exercise	or	inactivity	on	the	connective	or	collagenous	tissues:	Single	exercise	sessions	and	sprint	training	do	not
produce	significant	increase	in	junction	strength,	although	sprinting	produces	marked	increases	in	ligament	mass	and	in	ratios	of	mass	per	unit	length	(Tipton	et	al,	1967;	Tipton	et	al,	1974).	Hence,	Tipton	and	colleagues	have	concluded	that	junction	strength	changes	are	intimately	related	to	the	type	of	exercise	regime	and	not	solely	to	its	duration.
Regular	endurance	training	can	significantly	increase	junction	strength-to-bodymass	ratios	for	ligaments	and	tendons	(Tipton	et	al,	1974;	Tipton	et	al,	1975).	Long-term	endurance	exercise	programmes	cause	significant	increases	in	the	junction	strength	of	repaired	injured	ligaments	(Tipton	et	al,	1970).	In	this	regard,	Tipton	et	a1	(1975)	suggested
that	an	increase	in	tissue	capillarisation	associated	with	chronic	exercise	may	enhance	the	availability	of	endogenous	hormones	and	stimulate	blood	flow	to	the	repairing	tissue.	Long-term	training	significantly	increases	the	collagen	content	of	ligaments	(Tipton	et	al,	1W0).	Ligaments	become	stronger	and	stiffer	when	subjected	to	increased	stress,
and	weaker	and	less	stiff	when	the	stress	is	decreased	(Tipton	et	al,	1970;	Noyes,	1977).	Ageing	reveals	changes	in	collagenous	tissues	similar	to	those	caused	by	immobilisation,	with	reduction	in	strength	and	stifthess	of	ligaments	occurring	with	advancing	age.	These	changes	may	be	due	not	only	to	the	degenerative	process,	but	also	to	reduced
physical	activity,	superimposed	disease	states	and	other	unidentified	processes	(Frankel	&	Nordin,	1980).	'	Studies	of	the	mechanical	and	biochemical	properties	of	tendon	reveal	a	close	relationship	between	tensile	strength	and	the	amount	of	collagen.	Similarly,	the	concentration	of	total	collagen	is	higher	for	slow	muscle	than	for	fast	muscle.	This
difference	also	appears	at	the	level	of	individual	muscle	fibres,	with	the	concentration	of	collagen	in	slow	twitch	fibres	being	twice	that	in	fast	twitch	fibres	(Kovanen	et	al,	1984).	The	tensile	properties	of	collagenous	tissues	are	determined	by	the	type,iStqcture	and	amount	of	collagen.	There	are	at	least	ten	distinct	types	of	collagen,	each	with	a
different	chain	cornPokition	and	occurring	in	various	forms	in	different	subsystems	of	the	body	(von	der	Mark,	1981).	At	a	microscopic	level,	the	characteristic..	mechanical	strength	of	collagen	depends	largely	on	the	cross-links	between	the	collagen	molecules.	It	has	been	shown	that	the	type	of	exercise	can	affect	the	properties	of	muscle,	a	fact
which	relates	to	these	collagen	cross-	:	links,	rather	than	merely	to	the	actin-myosin	complex.	For	example,	muscle	endurance	training	increases	the	,,	tensile	strength	of	both	slow	and	fast	muscles,	as	well	as	the	elasticity	of	the	former	(Kovanen	et	al,	1984).	Other	;	studies	have	shown	that	prolonged	running	also	increases	the	concentration	of
collagen	in	tendon	and	the	ultimate	,	tensile	strength	of	tendon	(Woo	et	al,	1981).	This	finding	is	relevant	to	the	limited	prescription	of	off-season	transitional	or	general	physical	preparation	(GPP)training.	In	contrast	with	this	finding,	the	concentration	of	collagen	in	muscle	is	not	altered	by	endurance	training.	.	However,	the	increase	in	elasticity	and
tensile	strength	of	the	more	collagenous	slow	muscles	after	training	suggests	that	collagen	must	undergo	some	structural	changes.	In	this	respect,	it	is	possible	that	these	changes	in	the	mechanical	properties	of	slow	muscles	are	related	to	stabilisation	of	the	reducible	cross-links	of	collagen	(Kovanen,	1984).	,	With	more	specific	reference	to	muscle
tissue,	it	has	been	proposed	that	ST	fibres	may	be	able	to	sustain	cross-bridge	attachments	for	a	longer	period	than	FT	fibres	(Bosco	et	al,	1982).	Therefore,	the	former	would	utilise	the	elastic	energy	stored	in	their	cross-bridges	more	efficiently	during	slow	movements.	In	addition,	this	process	may	be	augmented	by	the	behaviour	of	the	connective
tissue	in	each	given	muscle	in	determining	the	ability	of	the	slow	and	fast	muscles	to	perform	different	types	of	work	(Kovanen	et	al,	1984).	Slow	muscles	with	their	greater	content	of	strongly	cross-linked	collagen	would	then	be	more	adapted	to	slow	contraction,	since	the	fairly	rigid	collagenous	connective	tissue	would	resist	fast	contraction.	The	less
rigid	connective	tissue	in	fast	muscle,	on	the	other	hand,	would	facilitate	fast	movements	with	greater	changes	in	form.	The	differences	noted	in	the	collagenous	components	of	different	muscle	types	could	also	imply	that	a	slow:	muscle	can	store	relatively	more	elastic	energy	in	its	collagenous	tissue	than	fast	muscle,	thereby	explaining	the	efficiency
of	slow	muscle	in	postural	and	endurance	tasks.	I	A	M	o	d	i	f	i	e	d	M	u	s	c	l	e	Model	Modern	advances	in	training	deem	that	it	is	necessary	to	modify	the	Levin-Wyman	muscle	model.	It	is	too,	simplistic	to	regard	the	muscle	complex	as	comprising	only	contractile	and	elastic	elements,	since	its	various	1	SUPERTRAINING	exhibit	other	mechanical
properties	such	as	damping	and	deformation.	The	fact	that	several	of	the	including	the	connective	tissue	and	interstitial	fluids,	of	the	muscle	complex	are	viscoelastic	ly	suggests	that	damping	must	form	an	important	part	of	any	muscle	modelling.	:&stance,	force	plate	analysis	revealed	that	vibrations	of	the	muscle	complex	dissipate	in	the	form	of
simple	harmonic	motion,	indicating	that	the	SEC	and	the	PEC	are	associated	with	efficient	damping	and	smooth	out	movements,	thereby	offering	protection	from	injuries	linked	:s	(Siff,	1986).	Moreover,	the	connective	tissue	within	the	muscle	complex	has	IC	damping	ratio	and	mechanical	stiffheis	(or	spring	stiffness)	which	is	different	for	subjects	of
ciifferent	injury	state	and	athletic	background	(Siff,	1986).	tends	to	decrease	or	remain	approximately	the	same	after	exercise,	while	the	after	slow,	sustained	or	explosive	exercise	in	males	and	females	(Siff,	1986).	age	takes	place	possibly	to	ensure	that	the	potential	dangers	of	neuromuscular	or	local	muscular	fatigue	'subsequent	stresses.	The
damping	ratio	and	stiffness	both	tend	to	increase	in	ISS,again	an	adaptive	response	which	tends	to	maintain	stability	under	a	wide	&fexercise	conditions.	~	a	m	~	i	ratio	n	g	also	tends	to	increase	with	bodymass	and	to	be	higher	in	femaks	$986).	hilar	work	by	Greene	and	McMahon,	requiring	subjects	to	bounce	with	different	degrees	of	knee	flexion	on
ible	board	at	different	frequencies,	revealed	that	the	spring	stifthess	of	soft	tissue	is	a	function	of	joint	angle.	tnce,	for	the	knee	joint	the	stiffness	decreases	from	about	120kNlm	at	an	angle	of	O0	to	30kNlm	at	75O,	so	contribution	of	the	SEC	drops	dramatically	as	the	amount	of	knee	flexion	increases.	This	has	profound	bsations	for	the	prescription	of
plyometric	training,	in	particular	the	limiting	of	joint	angle	to	ensure	the	of	the	'shock'	loading	on	the	muscle	complex.	damping	ratio	measured	by	the	technique	of	Greene	&	McMahon	(0.34)	was	approximately	three	times	than	the	value	obtained	by	Siff	(0.12),	since	their	method	constrained	the	subj-	to	maintain	a	high	level	etric	tension	in	the
quadriceps	while	they	were	oscillating	on	the	flexible	board.	%S	indicates	that	the	ratio	varies	with	the	intensity	of	muscular	tension.	It	is	relevant	to	note	that	the	liftime	of	the	cross-bridges	between	actin	and	myosin	strand!	is	limited,	vaxying	E	n	15	to	120	milliseconds.	Thus,	for	utilisation	of	stored	elastic	energy,	it	is	important	that	the	period	of	,d
between	stretching	and	subsequent	shbrtening	(concentric	cont&ion)	is	;es	slippage	between	the	components	of	the	muscle	complex	and	the	elastic	tial	of	the	cross-bridges	will	be	wasted.	A	brief	coupling	time	produced	by	short-range	pre-stretch,	er,	will	prevent	detachment	of	the	cross-bridges	and	will	facilitate	better	use	of	the	stored	elastic	energy
the	shortening	phase,	which	is	of	particular	importance	in	activities	such	as	jumping,	the	weightliftingjerk	etrics.	also	appears	that	the	slow	twitch	(ST)	and	fast	twitch	(FT)	muscle	fibres	have	different	viscoelastic	erties,	which	enables	them	to	make	different	use	of	the	stretch-shortening	cycle	(see	1.9).	For	example,	1jump	tests	show	that	rapid,	short-
range	execution	of	the	stretch	phase	was	maximally	beneficial	to	vastus	is	muscles	which	are	rich	in	FT	fibres.	The	knee	extensor	muscles	of	subjects	(e.g.	distance	athletes)	with	a	kqer	proportion	of	ST	fibres	benefitted	more	from	slower,	larger	amplitude	jumps	with	a	longer	transient	period	k	e	e	n	stretch	and	shortening.	Bosco	et	a1	(1982)	consider
this	difference	to	be	a	consequence	of	differences	in	xoss-bridge	lifetimes	between	FT	and	ST	fibres.	This	research	suggests	that	the	Levin-Wyman	model	should	be	modified	as	in	Figure	1.23	to	include	nonhear	damping	elements	(since	the	muscle	components	move	in	a	fluid)	and	a	slider	element	(an	element	which	tllows	for	the	uncrimping	of	the
slack	in	unstressed	connective	tissue	and	for	slippage	when	the	tension	in	the	rystem	reaches	a	critical	value).	Furthermore,	the	variation	of	stiffness	with	joint	angle	shows	that	the	spring	characteristics	of	the	SEC	and	"EC	are	also	non-linear.	In	other	words,	these	components	do	not	simply	obey	Hooke's	Law	(i.e.	force	F	is	lirectly	proportional	to	the
extension	x	produced	by	the	force,	or	F	=	k.x,	where	k	is	the	spring	stiffness).	Thus,	twice	the	range	of	extension	will	not	necessarily	be	associated	with	twice	the	tension	in	the	tissues.	A	damping	element	has	not	been	associated	with	the	PEC,	because	there	is	minimal	movement	between	structures	such	as	the	,	sarcolemma	and	sheaths	around	the
muscle	fibres	which	are	considered	to	comprise	the	PEC.	$,	COMPONENT	--	Damping	Element	Slider	Element	Mgnre	1.23	An	extended	model	of	the	muscle	complex	The	muscle	models	presented	in	this	text	emphasize	that	fitness	training	should	focus	not	only	on	development,	but	aLw	on	conditioning	all	the	connective	tissues	associated	with
stability	and	mobility.	Research	into	this	issue	was	instigated	to	muscle	size	or	density	of	muscle	filaments	(see	earlier	subsection	entitled	'Strength	and	connective	tissue').	The	hypertrophy	produced	by	stren	appropriate	speed-strength	and	impulse	this	hypertrophy	is	associated	vriith	an	in	the	number	of	cross-bridges,	the	traitiing	has	included
suitable	botb	in	acyclic	power	sports	distance	runningand	cycling.	1.7.3	Implications	of	the	Muscle	Model	for	Flexibility	conditioning	during	the	appropriate	periods.	This	issue'is	covered	in	detail	in	Section	3.5.	1.7.4	The	Relationship	between	Stability	and	Mobility	produce	the	appropriate	and	effective	interaction	of	mechanisms	which	stabilise	such
as	strength,	endurance	and	range	of	movement,	as	well	as	the	(in	particular,	mechanical	stiffness	and	damping	ratio).	This	process	Neuromuscular	processes,	induding	the	various	reflexes	of	the	body,	orchestrate	48	.	I-	S	UPERTRAINING	lving	rapid	acceleration	and	deceleration.	Although	only	strength	is	illustrated	in	the	figure,	he	different	types	of
strength,	while	endurance	refers	to	both	muscular	endurance	and	ce,	factors	which	relate	directly	to	the	onset	of	fatigue	during	stabilisation	or	mobilisation.	between	stability	and	mobility	forms	a	vital	part	of	physiothelrapel	tic	IPNF	(prop]!;.	.::-:'I	TI]fc	'	-:;.c.L,;	,I>i?.*	.:3:	,	-	,	4	,	'	,	,	.	.	.	.	,	The	Concept	of	Oxygen	Debt	;Jl	--	.	:	;	.	z	b	l	r,..,	;!b.i:	it;	t!2c
Exercise	under	these	conditions	of	high	intensity	effort	is	followed	by	a	period	of	accelerated	breathing,	which	used	to	be	thought	of	as	a	mechanism	employed	to	pay	back	an	'oxygen	debt'incurred	by	relying	on	non-oxidative	processes	and	depriving	the	body	of	oxygen	during	the	exercise.	Nowadays,	the	concept	of	an	oxygen	debt	is	considered	as



outmoded.	Instead,	the	post	exercise	period	is	now	known	to	reflect	recovery	oxygen	consumption	to	regenerate	cellular	ATP	(and	CP)	and	to	return	the	respiratory,	ionic,	circulatory,	hormonal	and	thermal	pro,s	-,'c	:	;	,	:	C	I	.	~	+	.	?	>	<	4	]	cesses	to	their	resting	state	(McArdle,	Katch	&	Katch,	1991).	.#	1.15.3	The	Short-term	Energy	System	,.;:	s	,.:	-
A	,.s+-~--	.WE	%	id	+	;	&	y	d	,	$	!-	-p,,tn	;	~	l	Q	?	n	!;d.r	,	.	i	&	i	+	~	+	!	r	i	The	energy	for	high	intensity,	high	power	or	very	rapid	activity	comes	largely	from	the	high	energy	phosphagen	stores	(ATP	and	CP).	The	initial	energy	is	furnished	by	the	breakdown	of	ATP	into	ADP	and	inorganic	phosphate	Pi	in	the	presence	of	water	and	the	enzyme
adenosine	triphosphatase	(Note:	the	suffix	'-use'	refers	to	a	compound	serving	as	a	biological	catalyst	to	facilitate	or	control	a	biochemical	reaction).	Each	mole	of	ATP	produces	about	7.3	kilocalories	(35	kilojoules)	of	energy	and	a	residue	of	ADP,	which	has	to	be	upgraded	to	ATP	from	the	CP	(creatin	-	A!	-	5	*:-,	....-.	I	.	Figure	1.35	Energy	pr	The	small
quantity	muscle	action	would	cease	but	for	the	fact	that	energy	is	transferred	rapidly	to	the	ADP	by	the	CP	reservoir	in	the	cells.	There	is	some	three	to	five	times	as	much	CP	as	ATP	in	the	cells,	which	enables	the	phosphagen	system	to	fuel	intense	effort	for	a	maximum	of	20-30	seconds.	The	enzyme	creatine	kinase	catalyses	this	reaction.	After	this,
the	exercise	intensity	has	to	drop	to	enable	the	phosphagen	stores	to	be	replenished	by	the	other	energy	...	;,.	3	,-.	7-	.:I	in	the	concentration	of	ADP	in	the	cell	signals	the	need	for	more	energy	to	be	made	down	of	carbohydrates,	fat	or	protein	in	order	to	restore	the	levels	of	ATP.	and	long	term	energy	systems	derive	energy	from	stored	or	circulating
nutrient	substrates	carbohydrates,	fats	or	proteins.	The	difference	between	these	two	systems	or	pathways	is	tem	derives	energy	non-oxidatively	from	glycogen,	whereas	the	long-term	system	releases	glycogen	or	fatty	acids.	Another	difference	is	that	lactate	(or	lactic	acid')	is	produced	in	serve	as	another	energy	substrate.	drates,	fats	and	proteins
1fbr	acceptance	into	the	as	the	Krebs	cycle	or	citric	acid	cycle	(Fig	1.36).	to	note	that	all	carbohydrates	in	food	are	eventually	transformed	to	glucose	as	a	major	body	can	also	act	as	a	source	of	fuel,	certain	cells,	such	as	those	ofthe	brain	and	blood,	rely	almost	n	is	even	temporarily	srupted	and	one's	state	of	consciousness	can	itates	a	feeling	of
hunger.	Mild	deficits	of	commonly	happens	in	anyone	exercising	or	blood	glucose	levels	drop	below	a	certain	threshold	concentration.	This	state	is	known	as	'	means	low;	'glyc-'	refers	to	glucose).	Greater	deficits	can	lead	to	collapse,	coma	or	death.	amounts	of	glycogen	stored	in	the	muscle	or	blood,	thereby	y	insulin	is	sometimes	called	the	'anticrose
should	not	be	regarded	as	a	suitable	or	effective	fuel	sing	to	the	contrary.	More	complex	carbohydrates	or	do	not	produce	the	same	rapidity	of	insulin	release	are	preferable	(with	lower	glycaernic	index,	GI).	intermediate	energy	system	becomes	increasingly	or	example,	an	athlete	sprinting	at	the	end	of	a	1500	ily	on	regenerating	phosphagens	by	the
nonsxidative	breakdown	of	glycogen.	es	undergoes	glycolysis,	that	is,	the	hydrolysis	cia1	derivative	of	glucose,	glucose	I-phosphate,	other	derivative,	glucose	6-phosphate,	in	a	reaction	regulated	by	the	enzyme,phospho~he.In	the	osphate	to	glucose	for	delivery	to	the	s.	During	exercise,	skeletal	muscle	st	of	which	crosses	hondrial	membrane,	in	which
is	embedded	the	enzyme,	pyruvate	dehydrogenase	('dehydrogen'	means	other	words,	this	is	an	enzyme	for	removing	suflcient	oxygen	ispresent,	pyruvate	is	able	to	enter	the	Krebs	cycle	and	the	pyruvate	hydrogenase	erts	the	pyruvgte	mainly	to	acetyl-CoA,	the	necessary	end-product	for	entry	into	the	Krebs	cycle.	Acetyl.is	a	sulphur-containing
coenzyme	derived	from	the	B	vitamin,	pantothenic	acid,	where	a	coenzyme	is	defined	an	enzyme.	This	process	is	known	as	oxygenand	is	directly	relevant	to	the	discussion	of	the	long-term	energy	system	described	in	more	the	pyruvate	is	reduced	mainly	to	lactate	(or	lactic	acid),	a	process	which	is	is	available	to	the	cells	and	the	rate	Contrary	to
popular	belief,	lactate	is	not	a	toxic	by-product	or	waste-product	of	metabolism	accelerated	by	cise.	Lactate	is	produced	even	under	conditions	of	rest	and	actually	can	serve	as	a	valuable	extra	substrate	(or	rce)	of	energy.	When	sufficient	oxygen	again	becomes	available	via	rest	or	decrease	in	exercise	intensity,	L	lactate	is	reconverted	to	pyruvate	for
use	as	an	energy	source.	In	addition,	the	lactate	and	pyru	muscle	during	exercise	can	be	used	to	manufacture	glucose	by	gluconeogenesis	('neo-'	means	'	to	'making',	so	this	word	means	'making	new	glucose')	in	a	process	known	as	the	Con'	cycle.	Th	any	existing	blood	glucose	and	muscle	glycogen.	Moreover,	musclefatigue	is	not	due	to	'lactic	acid
poisoning'	of	the	muscles.	The	fosmation	of	lactate	or	protons.	These	electr	lactic	acid)	is	accompanied	by	the	presence	of	positively-charged	hydrogen	ions	(H+)	charges,	which	increase	the	acidity	of	the	blood,	can	interfere	with	the	muscle	efficiency	of	the	enzymes	involved	in	energy	production.	Neither	should	lactic	acid	be	regard	muscle	soreness,
since	blood	lactate	levels	return	to	normal	within	an	hour	or	so	of	strenuous	interval	training	Furthermore,	the	most	pronounced	muscle	soreness	occurs	after	prolonged	endurance	events	perform	speeds	which	keep	lactate	levels	below	the	lactate	threshold.	Current	theories	favour	the	explanation	that	soreness	is	due	to	transient	damage	of	muscle
cells	or	connective	tissue.	Hydrogen	is	released	at	various	stages	of	glycolysis	and	transferred	to	another	metabolic	system,	the	transport	chain,	which	employs	iron-containing	proteins	called	cytochroms	(in	the	mitochondrial	memb	produce	mitochondrial	ATP.	Oxygen	ultimately	combines	with	these	hydrogens	to	form	water,	a	major	product	of
metabolism,	along	with	carbon	dioxide	produced	by	processes	such	as	the	Krebs	cycle	(Fig	1.36).	Lactate	does	not	accumulate	to	a	significant	degree	until	exercise	intensity	reaches	about	5	untrained	subject's	maximum	capacity	for	oxidative	metabolism.	The	rate	of	rate	of	removal	and	fatigue	is	initiated.	The	intensity	of	exercise	has	to	be	de	The
point	at	which	this	occurs,	formerly	known	as	the	anaerobic	threshold,	is	now	referred	to	threshold	(or	turnpoint)	or	OBLA	(Onset	of	Blood	Lactate	Accumulation).	The	superior	abilit);	of	the	trained	endurance	athlete	at	higher	levels	of	prolonged	exercise	intensity	is	large	due	to	the	fact	that	:	w-	this	threshold	occurs	at	a	higher	percentage	of	one's
oxidative	(aerobic)	capaciG	the	athlete	removes	lactate	more	rapidly	or	converts	it	more	efficiently	to	glucose.	It	has	also	been	proposed	that	lactate	in	one	region	of	the	working	muscle	of	a	trained	athlete	may	be	oxidised	the	same	or	neighbowing	less	active	muscles.	1.15.5	The	Long-term	Energy	System	The	long-term	('aerobic')	energy	system
implicates	metabolism	under	oxidative	conditions	and,	as	discussed&	earlier,	may	use	either	carbohydrates	or	fats	to	produce	the	necessary	ATP	for	energy	release	in	the	muscles.	:	Since	all	food	carbohydrate	is	ultimately	converted	to	glucose,	carbohydrate	metabolism	may	be	understood	in	terms	of	glucose	metabolism,	a	topic	which	was	discussed
earlier.	Protein	sometimes	may	also	be	used	as	an	energy	source.	After	ingestion,	the	amino	acids	from	the	protein	are	stripped	of	their	amine	groups	(NH2)	in	a	process	called	deamination	and	converted	to	pyruvate	or	other	f	substances	(keto	acids),	which	can	then	enter	the	Krebs	cycle	(Fig	1.36).	The	neutral	fats	(or	lipids)	which	act	as	an	energy
source	are	triglycerides,	which	comprise	a	glycerol	molecule	to	which	are	attached	three	fatty	acid	molecules.	A	process	known	as	Iipolysis	('lip-'	means	'fat';	'-lysis'	means	'breaking	down')	breaks	down	the	triglyceride	into	its	constituent	fatty	acids	and	glycerol,	via	the	intervention	of	the	enzyme,	triglyceride	lipase.	Thefatty	acids	then	undergo	beta
oxidation,	a	series	of	biochemical	events	which	eventually	produces	acetyl	CoA	for	entry	into	the	Krebs	cycle.	After	processing	via	other	mechanisms,	the	glycerol	mofecule	may	be	converted	to	glucose	or	fed	into	the	Krebs	cycle.	It	has	been	said	that	'fats	burn	in	a	carbohydrate	flame',	since	the	combustion	of	fats	in	the	body	relies	on	an	adequate
supply	of	carbohydrates.	When	there	is	a	carbohydrate	deficiency,	fat	oxidation	is	incomplete	and	the	liver	converts	the	acetyl	CoA	into	by-products	called	ketones,	which	are	released	into	the	blood	stream.	If	these	ketones	accumulate	faster	than	they	can	be	used	as	fuel	by	the	cells	and	large	quantities	are	secreted	in	the	urine,	ketosis	occurs.	Since
ketones	generally	are	strongly	acidic,	the	acidity	of	the	blood	increases	markedly	and	metabolic	acidosis	becomes	evident.	The	person's	breath	displays	a	fruity	(or	nail	varnish)	smell	as	acetone	is	released	from	the	lungs	and	breathing	accelerates.	Untreated	serious	cases	of	metabolic	acidosis	can	lead	to	coma	and	death.	:I	'	SUPERTRAINING	b
LACTATE	H+	and	electrons	lism	of	nutrientsand	the	[email	protected]	o	f	energy	production	are	the	preferred	energy	fuel	of	t$e	resting	muscles	and	the	liver.	More	specifically,	the	s	furnishes	about	two-thirds	of	the	energy	we	require	at	rest.	They	also	become	a	more	se	lowers	insulin	levels	and	raises	'simple	sugars	such	as	glucose,	discussed	earlier
and	inhibits	the	oxidation	of	f&s.	m	of	fat	contains	more	than	twice	the	amount	of	energy	as	1	gram	of	carbohydrate,	fat	more	oxygen	than	carbohydrate	metabolism.	At	rest,	this	poses	no	limitation	to	the	so	does	reliance	on	glycogen	as	the	prime	energy	but	as	the	intensity-of-exerciw	-in-es,	rimit	tb	the	maximal	volume	of	oxygen	that	the	M	y	can	use
per	unit	time,	so	it	is	un	should-implicateprpxsses	which	make	more	efficient	use	of	oxygen.	appropriate	b	examine	the	underlie	fitness:	s	that	the	development	of	.	In	general,	power	system,	and	cardiovasc~larendurance	cxn	the	oxygen-dependent	energy	system.	shgle	maximal	muscular	contractions	characterist~ofima&nal	power	developed	over	a
period	which	ely	an	stored	ATP.	This	prwess	does	not	increase	blood	lactate	levels	largely	in	the	availabiiity	of	ATP.	CP	contribution	(Fig	1.35).	Maximal	force	development	no	longer	becomes	possible	and	muscle	endurance	becomes	the	dominant	fitness	component.	ENERGY	SOURCE	%	NON-OXIDATIVE	,	,	0	10	30	60	120	EXERCISE	DURATION
(secs)	Figure	1.37	The	contribution	o	f	the	different	energy	systems	to	maximal	exercise	o	f	increasing	duration	(based	on	van	Handel	&	Puhl	Clinics	in	Sports	Medicine	1983,	2:	19-30)	Strenuous	exercise	lasting	between	approximately	6-30	seconds	activates	oxygen-independent	glycolysis	maximally,	but	appropriate	rest	intervals	will	prevent	a
serious	increase	in	blood	lactate.	This	is	the	rationale	behind	the	value	of	interval	and	fartlek	(repeated	jog-sprint)	running,	and	interval	circuit	training	with	weights	or	machines.	In	the	gymnasium	setting,	development	of	endurance	in	specific	muscle	groups	is	facilitated	by	ICT	(interval	circuit	training),	which	permits	the	use	of	fairly	heavy	loads,
alternating	with	rest	phases	of	30-60	seconds	between	stations.	The	sub-maximal	nature	of	most	ICT,	however,	does	not	enhance	strength	and	power	sufficiently	to	meet	the	specific	needs	of	strength	and	speed	sports,	except	possibly	during	the	early	off-season.	Oxygen-independent	glycolysis	reaches	its	peak	after	about	30-40	seconds,	and	after	90-
120	seconds	its	contribution	becomes	minimal,	being	replaced	by	oxygen-dependentglycolysis	(Fig	1.37).	This	process	becomes	the	dominant	energy-producer	for	all	long	duration,	low	intensity	activities	such	as	distance	running	and	cycling.	If	the	exercise	intensity	is	kept	below	the	blood	lactate	turnpoint,	the	lactate	and	protons	will	be	removed	at
the	same	rate	as	their	production	so	that	prolonged	muscle	activity	becomes	possible.	Tables	1.3	and	1.4	sumrnarise	the	contributions	of	the	different	energy	systems	in	various	physical	activities	which	traditionally	have	been	used	to	offer	a	rough	guide	to	anyone	who	devises	sport	specific	training	routines	to	meet	the	appropriate	requirements	for
each	sport.	Table	1.3	The	effect	o	f	different	types	o	f	training	on	the	energy	systems	o	f	the	body.	Baied	on	Fox	E	&	Mathews	D	(1974).	Type	of	training	Short-term	System	Intermediate	System	Long-term	System	Long	distance	walking,	running,	swimming	or	cycling	at	a	slow	pace	2	5	93	Alternate	50m	sprints	and	50m	jogs	for	a	total	distance	of	5km
20	10	70	0-80	0	-	80	0-80	0	0	100	Fartlek	-	alternating	fast	and	slow	running	with	incomplete	rest	between	20	40	40	Fartlek	-	repeated	sprints	at	maximal	speed	with	complete	recovery	between	bursts	(e.g.	walk	back	to	start	in	between)	90	6	4	-	Interval	training	repeated	bouts	of	work	alternating	with	rest	periods	(the	longer	the	rest,	the	more
'anaerobic'	the	exercise)	Jogging,	continuous	walking	or	running	at	a	slow	pace	over	3km	--	--	-	-	bution	of	the	diffmnt	energy	systems	to	different	sports,	as	classically	estimated.	Adapted	&om	Pox	E	&	Mathews	D	:goalie,	defence,	attack	:	midfielders,	man-down	:	slalom,	jumping,	downhill	chers	and	their	accuracy	needs	to	be	re-examined.	In	fact,	the
highly	determinate	nature	of	this	whole	e,	compiled	several	decades	ago,	has	been	questioned	more	recently,	so	that	it	should	not	be	used	casually	s	(all	of	which	ultimately	depend	on	the	breakdown	and	resynthesis	of	ATP,	anyway)	for	an	average	in	each	of	the	listed	sports.	This	disguises	the	fact,	for	instance,	that	the	metabolic	demands	often	differ
tant	to	instant	during	every	type	of	activity	taking	place	in	each	sport.	SUPERTRAINING	Thus,	although	Table	1.4	indicates	that	endurance	events	such	as	distance	running,	swimming	and	country	skiing	rely	largely	on	the	long-term	energy	system,	there	are	stages	of	effort	which	make	significant	demands	on	the	short-term	'anaerobic'	and	the
intermedi	Moreover,	while	we	may	consider	that	the	body	as	a	whole	or	the	cardiocirculatory	and	res	be	relying	largely	on	'aerobic'	processes,	we	cannot	ignore	that	strongly	contracting	pos	muscles	may	be	strongly	dependent	upon	'anaerobic'	processes	at	the	same	time.	The	that	exercise	prescription	should	not	rely	on	the	analysis	of	just	one	aspect
of	sporting	performance.	Therefore	would	be	logical	to	include	some	regular	bouts	of	high	intensity	and	high	speed	endurance	sports.	The	duration	of	this	exercise	depends	ultimately	on	the	amount	of	glycogen	stored	in	the	liver	and	ske	muscles,	as	well	as	the	efficiency	of	deriving	energy	from	fatty	acids.	Glycogen	storage	may	be	enhance	means	of
'carbo-loading',	which	relies	on	a	few	days	of	moderate	carbohydrate	depletion	followed	by	the	1	intake	of	complex	carbohydrates	before	a	major	event	in	order	to	promote	some	glycogen	supercompensation.	Research	shows	that	the	rate	of	glycogen	synthesis	after	endurance	e	timing	of	carbohydrate	ingestion	(Ivy	et	al,	1988).	It	was	discovered	that
dr	(2gm	per	kilogram	of	bodymass)	instead	of	water	directly	after	exercise	produced	a	glycogen	synthesis	above	the	basal	rate	during	the	fmt	two	hours	of	recovery.	A	delay	in	carbohydrate	ingesti	~	~	a	h	~	s	r	e	w	l	t	e	d	i	n	a	4	7	~	h	h	w	e	rofr	resynthesis.	ate	This	emphasizes	that	efficient	physical	conditioning	is	a	consequence	of	balanced	nutrition
com	exercise	schedule	of	appropriate	intensity,	duration	and	type,	casefully	periodised	over	a	prolonged	includes	suitable	restoration	phases	to	regenerate	energy	stores,	repair	the	cells	and	promote	supercompensation.	-	1.15.7	Hormonal	Factors	and	Strength	Training	""+	Both	acute	and	long-term	exercise	influence	the	endocrine	system,	with
decreases	in	testosterone	level	measured	in	distance	athletes	and	increases	occurring	among	certain	athletes	using	resistance	training	(see	by	Terjung,	1979).	The	implications	of	such	findings	are	of	importance	to	strength	and	hypertrophy	since	both	of	these	factors	are	positively	affected	by	the	levels	of	growth-promoting	substances,	testosterone,	in
the	blood.	This	is	the	main	reason	why	the	abuse	of	artificial	anabolic	agents	is	so	wide	sport	today.	Some	studies	of	training	programmes	have	yielded	equivocal	results,	largely	because	of	the	diffic	prescribing	the	exercise	precisely	in	terms	of	intensity,	volume,	rest	periods	term	strength	training	has	been	shown	to	produce	no	changes	in	the	level	of
anabolic	body	(Young	et	al,	1976;	Hetrick	&	Wilmore,	1979),	but	intensive	training	for	some	20	weeks	has	resulted	in	an	increase	in	the	testosterone/cortiso1ratio	(H	the	increase	in	.anabolic	activity	stimulated	by	prolonged	strength	training	regarded	as	a	useful	indicator	of	growth,	because	testosterone	is	associated	glucocorticoids	such	as	cortisol
have	a	catabolic	effect	on	tissue.	Longer	periods	of	intensive	strength	training	tend	to	stabilise	the	testosterone/cortisol	ratio	at	a	plateau	level,	although	large	variations	occur	for	individuals,	with	some	athl	(	H	a	e	n	,	1985).	In	cases,	however,	increases	in	strength	correlate	testosterone/cortisol	r	a	t	i	o	.	O	t	h	e	r	s	t	u	a	l	e	s	n	a	v	~	~	~	d	M	i	n
resistance	training,	with	a	peak	characteristically	being	reached	after	about	45	minutes	of	trai	lends	support	to	the	Russian	and	Eastern	European	scheme	of	using	several	short	training	interspersed	with	recuperation	periods	to	facilitate	recovery	of	work	capacity	for	each	intensive	module	of	well-chosen	strength	exercises.	fl	1	.	1	6	Adaptation	and
the	Training	Effect	The	phenomenon	of	increase	in	s	t	r	e	n	d	and	all	other	fitness	factors	in	resp	biological	adaptation	to	stress.	In	fact,	fitness	may	be	defined	as	the	ability	of	the	body	to	cop	under	specific	conditions,	where	the	task	is	characterised	by	a	set	of	particular	physical	and	psyc	stressors.	Training	may	thus	be	defined	initially	as	the	process
of	imposing	physical	loading	in	a	particular	SUPERTRAINING	fitness.	Here	it	must	be	noted	that	the	concept	of	fitness	is	not	the	only	one	relating	to	perform	efficiently	and	safely.	One	has	to	distinguish	between	the	related	factors	of	redness,	as	introduced	earlier	(1.4).	Training	and	environmental	factors	affect	all	ssed	earlier	(1.3),	training	is	highly
specific	to	the	methods	being	used,	a	fact	which	has	been	sed	Demands).	Simply	stated,	this	ch	may	be	regularly	imposed	on	it,	and	effects	of	stress	were	extensively	researched	by	Hans	Selye,	who	devised	a	comprehensive	model	systems	to	sources	of	stress	(stressors)	in	the	environment	(Selye,	1956).	This	termed	the	General	Adaptation	Syndrome
(GAS),	has	been	widely	used	to	explaining	the	process	arised	here	mainly	because	of	its	historical	significance	and	its	early	impact	forms	of	stress:	eustress,	beneficial	stress	which	produces	growth,	and	stress	which	can	cause	decay,	damage,	death	or	disease	(Fig	1.38).	::1	u-*	&L	The	diierent	types	of	stress	and	their	possible	consequences	(after
Selye)	~?6:?Ji	:::#-,qw	'-..,..-.-,,#'	,~::!3m'	L.io;l	a	p	e	factor	tends	to	gh	Selye's	model	has	been	applied	more	recently	to	explain	sports	adaptation	and	supercompensation,	of	supercompensation(Weigert's	Law)	was	formulated	at	least	a	decade	before	Selye's	work	(Folbrot,	over,	the	relationship	between	adaptation	and	exhaustion-recovery	processes
under	different	types	was	researched	in	the	early	1950s	by	Yakovlev	(1955).	1	The	General	Adaptation	Syndrome	tation	energy	source	or	the	emergency	deep	adaptation	energy	source,	depending	on	the	level	of	this	will	become	clear	when	the	concept	of	supercompensation	and	its	applications	in	effect	are	discussed	later	(especially	in	1.16.2,	5	and
6).	itial	stage	may	be	termed	the	flight,	fight	or	freeze	(paralysis)	response,	during	which	the	body	managefuture	exposure	to	those	stressors.	This	definition	implies	that	the	training	process	enables	SUPERTRAINING	Strength	training	would	then	refer	to	training	which	enables	the	body	to	inc	of	its	muscles,	with	similar	definitions	being	applicable	to
all	the	different	forms	of	fitness	require	the	body	to	competently	resist	high	intensities	of	endurance-related	forms	of	fitness	require	it	to	withstand	lower	intensities	of	stress	over	prolonged	Research	and	experience	in	sport	indicate	that	the	GAS	model	has	to	be	training	(i-e.	planned	exposure	to	specific	stressors)	can	allow	one	to	adapt	to
increasingly	higher	due	to	various	structural	and	functional	changes.	This	is	what	is	referred	to	asprogressive	overload	is	inappropriate	to	apply	this	principle	literally,	since	research	has	revealed	that	optimal	progress	increased	loading	phases	are	alternated	periodicaUy	with	decreased	loading	phases	(see	monotonic	(non-decreasing)	increases	from
workout	to	workout	or	week	to	week	may	lead	to	stagnation	or	i	n	j	u	j	.	It	is	vital	to	remember	that	tissue	repair	and	growth	occur	predominant1	restoration	and	transition	periods	between	training	sessions	and	not	during	the	heavy	loading	phases.	It	has	also	been	deduced	that	adaptive	processes	apparently	do	not	just	produce	the	same,
predetermined	maximal	level	of	resistance.	It	has	been	hypothesised	that	to	over-adapt,	or	supercompensate,	to	a	somewhat	higher	level,	in	physiological	anticipation	of	repeated	e	to	the	same	stressor	(Fig	1.39).	This	supercompensation	is	associated	with	an	increase	in	the	capacity	(CAR)	and	forms	the	foundation	for	all	methods	of	programming
training	(Ch	6).	At	the	well-known	method	of	increasing	bodily	stores	of	glycogen	with	significantly	increased	after	an	exhausting	stage	of	aerobic	training	may	be	termed	'glycogen	supercompensation'.	Unlike	the	fitness	improvement,	successive	periods	of	'carbo	loading'	do	not	produce	progressively	increased	glycogen.	It	should	also	be	noted	that
enhancedperformance	is	not	simply	the	result	bioenergetic	substances,	but	also	of	structural	changes	in	muscIe	and	other	ti-$+	as	we1	and	rates	of	bioenergetic	and	neuromuscular	processing	(see	1.12).	This	is	a	major	reason	why	Russian	sci	prefer	to	use	the	term	adaptive	reconstruction	to	describe	the	body's	response	to	physical	training.
Resistance	Phase	Supercompensation	A	SUPERFICIAL	ADAPTATION	ENERGY	I	Alarm	Phase	DEEP	ADAPTATION	ENERGY	Exhaustion	Phase	Figure	1.39	Selye's	General	Adaptation	Syndrome	model.	The	Deep	Adaptation	Energy	is	often	referred	to	as	the	Current	Adap	Reserves	(CAR)	by	Russian	authors.	Despite	these	shortcomings,	this	theory	of
supercompensation	had	a	profound	impact	on	sports	training,	sinc	could	readily	be	related	to	the	system	of	carefully	planned	cyclical	conditioning	known	as	periodisation	(Ch	6).	brief,	periodisation	involves	organising	all	components	of	training	(such	as	strength,	endurance	and	strength-endurance)	into	carefully	sequenced	phases	(micro-,	mes
medium	and	high	intensity	and	volume,	and	regular	recuperation	to	enable	the	athlete	to	reach	specz	performance	goals	in	given	competitions	over	a	prolonged	period.	Both	Selye's	theory	and	the	principle	of	periodisation	concur	in	that	the	plan	session	depends	on	optimally	imposing	repeated	loads	of	appropriate	intensity	and	duration	with	adequ
recovery	time	between	training	stimuli.	If	the	training	stimulus	(stressor)	is	inadequate,	the	alarm	response	will	b	minimal	and	the	body	will	perceive	no	need	to	supercompensate	or	adaptively	(1.16.2).	84	-+:.*i'..*.?	'-..I.	..t	-	25	.IT.	1920	1940	1930	introductory	>	competitive	>	restorative	shock	>	ordinary	>	shock	2	restorative	restorative	>	ordinary
>	ordinary	>	restorative.	Each	phase	of	periodisation	may	be	described	in	terms	of	sequences	of	these	mesocycles.	For	example,	a	aratory	phase	for	long-duration	endurance	sports	may	use	the	following	scheme:	Introductory	>	base	(general	preparatory,	developing)	>	base	(stabilising)	>	base	(special	preparatory,	developing)	>	control-preparatory
>	base	>	pre-competitive.	eed-strength	sports	may	have	a	preparatory	phase	structured	in	various	other	ways,	for	example:	Introductory	>	base	(developing	>	control-preparatory)	>	base	(with	pre-competitive	elements).	Introductory	>	base	(general	preparatory)	>	base	(special	preparatory)	>	pre-competitive.	reparatory	Phases	of	Training	As
implied	by	the	above	discussion	on	mesocycles,	the	preparatory	phase	may	be	broken	down	further	into	GPP	(General	Physical	Preparation)	and	SPP	(Specialised	Physical	Preparation).	However,	it	should	always	be	remembered	that	the	GPP	and	SPP	always	form	an	interconnected	unit.	In	some	cases,	the	GPP	and	SPP	may	even	be	concurrent	or	the
GPP	may	be	largely	indistinguishable	from	the	SPP	(Bondarchuk,	1979).	The	GPP	is	intended	to	provide	balanced	physical	conditioning	in	endurance,	strength,	speed,	flexibility	and	other	basic	factors	of	fitness,	whereas	the	SPP	concentrates	on	exercises	which	are	more	specific	to	the	particular	ally,	the	GPP	may	include	participation	in	a	variety	of
different	physical	activities	which	a	H	w	I	K	C	c	d	i	h	i	f	f	g	,~	t	t	l	e	e	m	p	h	a	s	i	s	a	n	s	p	e	c	i	f	i	csporting	skills.	Participation	in	sports.	If	the	player	needs	to	gain	muscle	or	lose	excess	fat,	this	is	regarded	as	the	appropriate	period	to	do	so.	Sometimes	an	hypertrophy	phase	may	be	included	in	the	GPP	if	there	is	a	need	for	gaining	functional	muscle
bulk.	The	decision	to	utilise	this	type	of	phase	should	be	based	on	an	assessment	of	the	strength	deficit	discussed	previously	(Ch	1	and	Fig	1.1).	Sometimes	it	is	important	to	include	very	specific	SPP-type	exercises	during	the	GPP	either	to	rehabilitate	any	existing	injuries	or	to	eliminate	any	structural	or	functional	deficiencies	or	imbalances	in
physique,	posture	and	neuromuscular	skill.	It	may	also	be	relevant	to	curtail	or	eliminate	standard	types	of	GPP	from	the	training	programme	of	anyone	who	is	an	advanced	athlete	or	has	trained	regularly	for	a	prolonged	period	at	increasing	levels	of	proficiency.	Similarly,	the	use	of	GPP-type	exercises	may	be	appropriate	for	brief	periods	during	the
SPP	to	facilitate	recovery	or	prevent	stagnation.	Moreover,	the	methods	of	GPP	training	are	unsuitable	for	adequately	or	timeously	stimulating	improvements	in	performance	among	advanced	athletes,	whose	trainability	has	already	waned	considerably	over	years	of	competition	and	whose	continued	growth	depends	on	more	specific	or	demanding
methods.	315	).	The	latter	of	these	is	analysed	more	stinmished,	depending	on	the	be	transient	(the	body's	immediate	one	or	mixed	workouts,	as	we11	as	(the	stratification	of	traces	of	the	loads	of	different	emphasis,	following	in	a	certain	order	in	prolonged	training	stages),	and	finally,	or	negative	(if	the	traces	of	some	loads	create	or,	conversely,	do
not	create	favourable	conditions	for	on	to	other	loading).	-----	6.26	The	relationship	between	the	different	types	of	training	effect.	(Siff	&	Verkhoshansky,	1999).	t	glance,	this	classification	of	the	TE	may	appear	to	be	somewhat	tedious.	However,	its	basis	is	the	sporting	conditions	and	it	is	curs	so	diverse	that	exhaustive	a	identified	earlier.	This	has
great	practical	primarily	on	the	objective	of	achieving	a	TE.	Therefore,	a	clear	understanding	of	the	required	TE	and	the	conditions	necessary	for	its	achievement	it	is	necessary	to	undertake	a	analyse	the	physical	effects	of	the	loading	on	(Fig	6.27).	The	degree	of	reliability	effect	generated	by	each	of	these	characteristics	has	great	significance	for	the
success	of	the	CONTENTS	Specificity	Training	Potential	VOLUME	Magnitude	Duration	Intensity	ORGANISATION	Distribution	Sequencing	Interdependence	Figure	6.27	Factors	concerned	with	producing	the	training	effect.	(Siff	&	Verkhoshansky,	1999).	We	will	examine	in	more	detail	the	basis	for	a	particular	selection	associated	with	each
characteristic.	In	doing	so,	we	will	focus	our	attention	on	loading	intended	to	develop	explosive-strength	and	specific	endurance.	SUPERTRAINING	6.9.3	The	Contents	of	the	Loading	The	programming	of	training	begins	with	the	determination	of	its	contents,	i.e.	the	composition	selected	on	the	basis	of	preliminary	assessments	using	two	criteria,
namely	the	specificity	of	the	trai	the	trainingpotential	(see	Fig	6.27).	Specificity	of	the	Load	The	specificity	of	the	training	means	refers	to	their	similarity	to	competition	activities	regarding	motor	(including	movement	patterns),	regime	of	work	and	mechanism	of	energy	production.	This	particular	used	to	distinguish	between	means	of	special	and
general	physical	preparedness	(SPP	and	GPP).	primarily	are	for	increasing	the	specific	work	capacity,	whereas	the	GPP	means	are	u	development,	for	activating	restorative	processes	after	prolonged	or	intense	loading,	or	for	faci	from	one	type	of	work	to	another	(Ozolin,	1949;	Khomenkov,	1957;	Matveyev,	1964).	The	SPP	means	should	correspond	as
closely	as	possible	to	the	dynamics	and	regime	of	activity.	This	requirement	is	the	principle	of	Qnamic	correspondence	(discussed	in	4.3)	which	importance	of	the	similarity	between	the	training	means	and	the	fundamental	sport	exercises	with	following	indicators	(see	4.3):	The	amplitude	and	direction	of	movement	The	accentuated	region	of	force
production	The	dynamics	of	the	effort	(including	maximum	force)	The	rate	and	time	of	maximum	force	production	The	regime	of	muscular	work.	One	should,	however,	take	into	account	that	in	practice	the	external	similarity	of	the	training	means	fundamental	sport	exercise	is	often	overemphasized,	whereas	the	importance	of	the	similarity	of	the
means	regime	of	muscular	work	and	to	the	mechanism	of	its	enexgy	production	is	underemphasized.	that	literal	similarity	of	the	training	means	to	the	fundamental	sports	activities	in	motor	structure	is	only	if	it	directly	improves	the	athlete's	level	of	physical	and	technical	preparedness	(Dyachkov,	1968,	However,	for	SPP	to	be	effective,	it	is	not	so
important	that	the	training	means	precisely	mimic	characteristics	of	the	given	exercise.	The	main	criterion	of	conformity	in	this	case	is	the	regirn	as	a	whole.	For	example,	strength	exercises	such	as	barbell	squats	bear	little	resemblance	to	the	movement	in	running,	throwing	or	playing	basketball.	However,	the	use	of	squats	is	justified	becau	actively
contribute	to	raising	the	athlete's	special	work	capacity	of	the	appropriate	muscles	in	these	sports.	An	adequate	number	of	SPP	means	which	conform	to	the	fundamental	actions	is	available	for	every	sport.	However,	it	is	important	to	point	out	that	the	need	to	preserve	the	training	potential	of	(especially	for	highly	qualified	athletes)	requires	using
means	that	not	only	conform	to,	but	exceed,	c	conditions,	with	regard	to	maximum	force,	time	of	maximum	force	development	and	the	power	of	the	processes	which	determine	work-capacity.	On	this	basis,	it	is	easy	to	conclude	that	requirement	should	be	associated	with	improving	the	strength	component	of	the	movement.	This	em	strength	or,	more
precisely,	the	use	of	specialised	strength	exercises	in	the	regime	of	SPP	means	necessary	to	examine	this	question	in	more	detail.	First	of	all,	one	must	emphasize	that	the	role	of	strength	exercises	in	sports	training	is	not	limi	enhancing	strength	alone,	as	is	sometimes	thought.	It	is	undoubtedly	important	to	increase	not	thefindarnental	and	sole	task
of	strength	training.	By	itself,	the	value	of	maximal	strength,	in	dwindles	and	may	not	sufficiently	be	utilised	in	practice	for	enhancing	the	effect	and	specificity	of	under	actual	sporting	conditions.	However,	its	role	in	speed-strength	sports	is	obvious	and	achieved	success	but	in	many	other	types	of	sport	(in	particular,	those	requiring	endurance),	it	is
still	not	adequately	understood,	The	development	of	endurance	is	associated	primarily	with	using	long	duration	or	distance	trai	improve	aerobic	capacity.	However,	the	importance	of	muscular	adaptation	to	intense	invariably	is	underestimated.	It	also	appears	to	be	forgotten	that	specialisation	of	the	executor	of	the	work,	is	of	greater	significance	than
development	of	the	cardiovascular-re	endurance.	A	more	intense	stimulus	is	necessary	for	promoting	adaptation	of	the	muscles	to	endurance	work	for	producing	cardiovascular	and	respiratory	conditioning.	Therefore,	when	one	use	method	for	developing	endurance,	a	definite	imbalance	can	arise	between	the	SUPERTRAlMNG	scles.	In	this	case,	the
anticipated	sporting	typical	of	the	preparation	of	middle-distance	runners.	Elementary	logic	decrees	that	in	execute	three	consecutive	standing	long	long	jumps	totalling	33-34m,	for	which	ly	do	not	have	the	strength.	Elimination	of	this	insufficiency	is	possible	only	uence	on	the	muscles	than	distance	the	relevant	functional	reserves	of	enhanced,
including	'anaerobic'	gh	level	of	local	muscular	endurance	and	complements	the	body's	alreadytime,	it	is	possible	to	reduce	the	volume	of	exhausting	endurance	work	in	ich,	1980;	Verkhoshansky	&	Sirenko,	1982).	and	jumping	exercises	in	endurance	sports	should	firstly	increase	up	to	a	definite	optimum,	and	secondly,	exploit	the	specific	energy
processes	crucial	for	producing	motor	actions.	The	characteristics	of	the	sport,	practical	experience	and	experimentation	should	ne	the	optimal	regimes	of	specialised	strength	training	in	each	case.	The	main	thing	is	'to	overcome	the	role	in	the	organisation	of	training.	Besides	improving	traditional	a	foundation	for	subsequent	specialised	motor	skill
training,	some	can	activate	the	restorative	processes.	This	has	special	significance	in	those	sports	in	which	there	are	is	inherently	monotonous,	i.e.	where	the	competition	exercises	are	g	and	cyclic	sports).	systematic	use	of	swimming	restoration	procedures	during	e	of	24.2%	in	absolute	strength	and	18.9%	in	strengthve	procedures	increased	these
indicators	by	only	7.7%	respectively:	At	the	same	time,	the	volume	of	the	training	load	was	increased	by	an	average	of	15%	s,	the	organised	combination	of	training	loads	and	restorative	procedures	is	an	important	prerequisite	for	ifq"ing	and	increasing	the	effectiveness	of	training.	However,	it	must	be	emphasized	that	restoration	after	is	a	natural
process	which	occurs	in	a	definite	sequence	over	a	certain	period.	This	process	occurs	h	u	g	h	ent	and	regular	application	of	non-specific	means	of	restoration	may	hinder	the	adaptation	process,	when	large	training	loads	are	used.	Increasing	the	volume	and	intensity	of	the	loading	disturbs	is	as	a	basic	condition	for	promoting	adaptation	to	loading
and	enhancement	of	the	restoration	the	course	of	restoration	can	hinder	the	body's	eans	(Yevgenyev	et	al,	1975).	The	interconnected	training	should	be	strictly	regulated	on	the	ning	Potential	of	the	Loading	training	potential	associated	with	the	loading	characterises	the	extent	of	its	influence	on	the	athlete's	fitness.	higher	the	training	potential
relative	to	the	current	fitness	state,	the	greater	the	probability	of	raising	the	cal	possibility	of	altering	the	athlete's	state	by	using	means	with	different	training	potential	(A,	B,	C).	ever,	it	is	inappropriate	to	use	highly	stimulating	means	prematurely,	because	the	body	is	functionally	355	unprepared	for	them,a	situation	that	can	cause	excessive
intensification	of	training	and	disturbance	of	f	b	course	of	adaptation,	1	-I>;.'	I	,	ATHLETES	FITNESS	STATE	,.	>>I.	,	L	A.d-:l	i	k..	.	.,a	I,	,a	7IAt,X:q	Figure	6.28	The	effect	of	a	sequence	of	training	means	with	different	training	effects.	The	dashed	lines	show	where	one	tmhing;	is	replaced	by	a	successive	one	with	different	training	potential.	The	means
of	SPP	are	introduced	into	training	in	a	definite	sequence,	the	discussed	earlier	(see	5.3.3	and	5.4.4).	The	absolute	intensity	of	the	increased	and	a	logical	continuity	is	observed,	so	that	the	preced	utilising	the	subsequent	means.	Figure	5.15	gave	a	practical	example	of	such	a	system	of	special	training	means	in	track-and-field	sport.	We	will	examine	in
more	detail	the	practical	issues	associated	application	of	this	system.	6.9.4	The	Volume	of	the	Training	Load	The	volume	of	the	training	load	refers	primarily	to	the	quantitative	aspects	of	training	and	plays	an	im	in	the	long-term	adaptati~nof	the	body	to	intense	muscular	work.	The	function	of	the	volume	of	the	load	consi	body's	h	o	m	~	i	s	which	,
stimulates	the	mobilisation	hdamental	condition	for	switching	from	the	acute	(	training,	to	the	general	(non-specific)	adaptive	reaction,	and	then	the	body.	Therefore,	in	each	successive	annual	cycl	optimal	limits)	to	raise	and	maintain	the	special	work-capacity.	In	types	of	sports	requiring	brief,	highly	co	important	significance.	As	discussed	earlier,	the
mechanical	integrig	of	the	ligamentous-joint	appara	become	the	limitingfactor	to	theprogress	of	sportingpedormance	(see	1.6	and	1.7.2).	If	these	connective	t	are	not	prepared	by	extwsive	work	of	moderate	intensity,	then	the	great	dynamic	overloading	encountered	level	of	peak	performance	can	lead	to	severe	joint	injury.	This	occurs	frequently	in
gymnastics,	weightl	high	jumping	and	triple	jumping.	The	volume	on	its	own	does	not	determine	the	specificity	of	the	training	influence	of	the	loading	on	the	and	the	characteristics	of	the	body's	adaptive	reactions.	Therefore	the	volume	can	be	determined	correctly	only	if	one	also	takes	into	consideration	the	magnitude	of	the	duration	and	intensity.
The	magnitude	of	the	volume	is	the	qu	load	of	a	certain	primary	emphasis	calculated	during	each	(see	6.2.2).	The	magnitude	of	the	voZwne	is	determined,	first	of	the	qualification,	the	larger	the	volume	of	loading	over	qualification	rises	(also	within	a	four-year	cycle),	so	the	magnitude,	and	consequently,	the	ratio	of	the	loading	volume	of	different
primary	emphasis	shifts	towards	an	increase	in	the	portion	devoted	to	specialised	loacting	(Panov,	1975;	Zhikharevich,	1976;	Vankov,	1977;	Matveyev,	1977;	Gilyazova,	1978).	The	magnitude	of	the	annual	loading	volume	is'	established	individually	by	examining	the	characteristics	of	the	athlete's	preparation	during	the	preceding	stages	of	training.	A
more	serious	task	of	programming	training	is	the	calculation	of,	the	optimal	volume	of	loading	in	distinct	time	segments	(month,	stage	or	phase).	This	magnitude	should	be	determined	on	the	basis	of	the	goals	of	training	during	each	stage	of	the	annual	cycle	and	according	to	the	principles	of	effective	organisation	of	training	loads	of	different	primary
emphasis,	as	discussed	in	this	chapter.	I	r	SUPERTRAINING	of	the	loading	determines	the	strengtb	and	specificity	of	its	effect	on	the	body	or	theodiffieuky	intensity	regulates	the	training	.potential	of	the	given	means,	the	fkpency	of	their	use	and	repeated	means	or	training	sessions	with	large	training	potential,	as	well	as	the	@o.of	the	g	divided	by
the	time	taken	to	reach	the	maximum	load	in	a	given	stage.	The	latter	measwe	-	.	dnd	only	after	prelimiimy	preparation	with	extensive	low	intensity	loading	(&kig	6.1).	on	of	the	training	load	is	a	vital	measure	of	the	volume	and	must	be	discussed	in	more	detail,	since	cant	effect	on	the	dynamics	of	the	athlete's	fitness	state	and	can	easily	be
miscalculated	by	fhe	&camci~.Exceeding	this	limit	does	not	enhance	fitness	and	wastes	the	athlete's	time	and	enerw.	In	'&hmatelY	there	is	no	special	research	directed	at	determining	the	optimal	length	of	time	for	applying	a	specific	primary	emphasis.	However,	indirect	data	has	been	gathered	which	sheds	some	Light	on	this	Thus,	th&	is	a	linear
increase	in	absolute	strength	in	response	to	a	given	regime	of	loading,	which	wn	as	the	limit	of	&is	optimal	time-span	of	training	is	reached,	a	point	which	defines	exhaustion	of	the	:went	adaptation	energy	(see	1.16).	Observation	of	highly	athletes	indicatk	that	absolute	increases	with	little	variation,	rising	continuously	during	h	e	year's	training.	.	n
explosive	stsen@	is	the	purpose	of	special	training,	there	is	a	clear	tendency	for	the	rise	in	explosive	:o	dow	down;	the	sharper	its	growth,	the	earlier	it	plateaus.	When	one	is	emphasizing	the	development	strength	exclusively,	the	plateau	appears	within	3-4	months.	In	those	cases	where	explosive	strength	in	a	monocycle	of	peridsation	in	the	annual
training	of	decathktes),	the	increase	in	'	continue	(with	some	fluctuation)	for	up	to	10	months.	k	,	(at	a	HR	of	120-170	beatdminute)	parallel	one	another.	linear	over	a	2-3	months	period.	Despite	,inerased	loading	significantly	later	on,	but	fluctuate	around	the	maximum	974;	Suslov,	1977;	Usthchkintsev,	1979;	Sirenko,	1980).	results	in	anaerobic-
glycolyticproductivity	(Zatsiorsky	,	1976;	Ustkachkin&v,	1979).	Increasing	the	volume	of	anaerobic	ficant	volume	of	aerobic	work,	thereby	stimulating	b	e	the	&ural	conditions	of	an	athlete7sp	~	~	owhere	n	,development	of	a	wifh	the	execution	of	othm	tasks	and	loading	ofother	primary	emphasis.	highly	qualified	athletes	use	according	to
contemporary	les	of	orgmising	training.	Since	these	principles	are	being	c	o	~	l	y	u	f	e	f	i	n	e	dthe	,	'duration	of	loading	above	is	not	definitive.	However,	they	offer	a	preliminary'guide	for-theprogramming	of	trainingg	9.5	The	Organisation	of	Training	Loads	h	l	a	t	i	v	e	training	effect	bf	the	loading	of	differed	primar$	emphasis'(see	Fig	6.26).	Here,	it	is
necessary	to	&serve	the	chief	requirement	of	maintaining	the	training	potenti$	of	the	loading.	The	basic	organisational	principles	of	special	strength	training,	which	are	discussedin	the	following	sections,	are:	The	specificity	of	muscular	work	SUPERTRAINING	Since	the	definitions	of	these	categories	are	so	conditional	that	they	pennit	very	Uem	for
the	prescription	of	sport	specific	training.	t	shonld	be	noted	that	current	exjxrhental	data	indicates	that	a	positive	interaction	of	endurance	negativ6	interaction	when	(Volkov,	1975):	ytic-anaerobic	exercises	follow	large	volumes	of	aerobic	work.	0x1	after	moderate	volumes	of	anaerobic	loading	usually	takes	3-8	hours.	However,	very	lavge	anaerobic
loading	will	delay	restoration.	The	training	effect	of	ATP-CP	workouts	deteriorates	if	the	are	done	without	allowing	full	restoration	fi-om	the	preceding	loading	(Nabatdova,	1972;	Volkov,	oading	and	emphasis	on	developing	the	athlete's	ability	to	display	great	explosive	power.	The	reverse	this	loading	scheme	leads	to	a	negative	cumulative	effect.	-	-
@&a	--	--	-	-	--	'	7	-	0	-....*..--.-	SUPERTRAINING	.	It	is	permissible	and	custommy	to	develop	explosive	abilities	with	suppIementary	means	that	deviate	far	from	the	motor	structure	of	the	fundamental	sport	exercise;	however,	the	fundam	activity	is	traditionally	the	chid	means	of	developing	special	endurance	in	cyclic	sports.	development	of	special
endurance	depends	on	the	optimal	selection	of	the	relative	volumes	of	different	intensity	and	duration.	Endurance	training	causes	more	training	means,	which	may	not	1	The	met.&	of	developing	of	these	is	based	on	the	value	of	c	s	t	development	of	general	and	special	Ogoltsov,	1971;	Nabataikova,	1972).	This	variant	introduces	special	endurance
loading	right	of	the	greparatory	period,	during	which	one	is	also	developing	general	durance.	will	be	more	specialid,	creating	more	favourable	conditions	for	specific	This	point	of	view	has	been	corroborated	experimentally,	much	of	the	who	had	not	yet	reached	the	highest	levels	of	sports	mastery,	in	(Bwanov,	1969),	swimmers	(Kuzovenkov,
11969)and	skiers	(MaIihv,	1974).	The	viewpoint	emphasizes	the	sequential	development	of	endurance,	where	one	begins	cardiovascular	capab-ility,	followed	bFanaerobic-glyeolytic	endurance,	and	M	y	,	shortcreatine	phosphate	proces	anaerobic	work	(Ozolin,	increase	in	the	duration	the	body's	energy	potential	(Yakovlev,	et	al,	1960).	Here,	the
intensity	of	loading,	rather	than	its	principal	significance	(Astrand	&	Rodahl,	1970).	When	one	increase	in	the	volume	of	anaerobic	means	causes	a	decrease	in	sporting	performance	(N	Vavilov,	19i7;	S	e	r	b	v	a	,	1974;	Manhevikov,	1980).	A	third	viewpoint	on	endurance	development	has	been	formulated	and	experim&tally	veri	1976;	Ldaev,	1978;
Borisov,	1979%as	well	as	for	multi-year	training	(Linyets,	1979).	One	can	assume	system	represents	a	compromise	which	combines	the	benefits	of	concurrent	and	sequential	specid	en	The	organisation	of	loading	is	closely	associated	with	selecting	the	optimi	rest	intend	h	e	e	n	yLI	systematic	combination	of	specific	and	non-specific	These	findings
highlight	the	extremely	complex	connection	between	the	athlete's	state	and	the	training	and	coupled	with	this,	the	diffrcu1t.y	of	selecting	the	optimal	method.of	training	organisation	to	achieve	desired	special	work	capacity.	Nevertheless,	despite	the	paucity	of	data,	which	does	not	allow	one.to	exact	recommendations	for	each	sport,	some	principal
guidelines	for	organising	annual	training	load	identified,	as	given	Invarious	sections	of	this	text.	6.10	The	Long-Term	Delayed	Training	Effect	360	SUPERTRAINING	ect	of	special	study.	The	results	of	this	study	occupy	the	remainder	of	this	section.	he	volume	of	the	training	load	has	a	definite	optimum	level	for	each	athlete,	above	or	below	which	the
body	with	diminished	response.	There	is	a	characteristically	simple	connection	between	the	quantity	of	work	and	------	A	/	----	An	increase	in	volume	of	loading	raises	the	athlete's	special	work-capacity,	whereas	a	decrease	lowers	it.	If	the	~olumeof	loading	is	lower	than	the	optimum	level,	special	work-capacity	decreases	after	some	initial	rise.	If	the
volume	of	loading	significantly	exceeds	this	level,	a	steady	decrease	in	special	work-capacity	occurs	which,	however,	rises	intensely	during	the	carefully-timed	reduction	in	the	volume.	This	intense	rise	in	special	workcapacity	is	the	phenomenon	known	as	the	long-term	delayed	training	e@t	(LDTE)	which	accompanies	one	of	the	forms	of	adaptation	to
volume	of	loading.	This	phenomenon	has	been	known	for	some	time	in	practice,	where	it	has	been	observed	as	an	increase	in	performance	in	several	sports	after	a	decrease	in	the	volume	of	the	training	load	during	the	pre-competition	stage	(Ozolin,	1949,	1967;	Dyachkov,	1953;	Matveyev,	1970;	Charyev,	1975).	However,	this	reflects	only	the	external
evidence	of	this	type	of	adaptation,	and	the	physiological	conditions,	mechanisms	and	characteristics	of	the	LDTE	until	recently	have	not	been	a	subject	of	much	research.	Essentially,	no	one	expected	that	the	existence	of	the	LDTE	offered	any	great	promise	for	systematising	training,	especially	for	highly	qualified	athletes.	The	LDTE	phenomenon	of
concentrated	strength	loading	has	also	been	observed	in	several	cyclic	sports,	including	middle-distance	running	(Zhdanovich,	1980),	swimming	(Rudokene,	1981)	and	ice-skating	(Kabachkova	et	al,	1982).	Thus,	a	steady	increase	in	the	strength-endurance	of	middle-distance	runners	was	~	h	e	i	n	~	~in	increased	t	e	d	stride	length	and	improved
results	in	ten	standing	long	jumps	(Fig	6.30)	following	a	block	of	concentrated	strength	loading.	It	is	interesting	that	there	is	an	ihZireXeinthea611ityomese	runners	to	produce	a	single	explosive	effort	(e.g.	in	vertical	jumping)	during	the	concentrated	strength	loading	stage,	but	this	ability	decreases	during	the	competition	stage.	One	may	assume	that
the	reason	for	this	phenomenon	is	the	increase	in	volume	of	intense	distance	work,	which	impairs	the	ability	to	produce	explosive	strength,	because	the	latter	plays	a	non-specific	role	in	cyclic	sports.	Based	on	research	and	experience,	the	LDTE	phenomenon	may	be	characterised	as	follows	(see	Fig	6.3	1):	-------	1.	Concentration	of	the	volume	of
strength	loading	(A)	over	a	limited	period	exerts	an	extensive,	unidirectional	training	influence	on	the	body.	Concentration	of	strength	loading	is	the	basic	condition	for	the	beginning	of	the	LDTE.	2.	The	lower	the	speed-strength	levels	fall	(within	an	optimal	range)	during	the	concentration	of	strength	loading	stage,	the	higher	they	rise	in	the
subsequent	LDTE	phase	(graphs	of	F1	and	F2).	Excessive	concentration	of	strength	loading	leads	to	a	more	significant	drop	in	speed-strength	and	disruption	of	adaptation	(graph	F3).	361	-	Figure	630An	example	of	the	LDTE	of	concentrated	block	of	strength	loading	for	middle-distance	runners	(Zhdanovich,	1980):	%	CHANGE	TIME	I	Figure	631	The
general	scheme	of	the	LDTE	of	concentrated	strength	loading	(Siff&	Verkhoshansky,	1999).	+!	3.	When	concentrated	strength	loading	is	used	to	elicit	a	LDTE,	the	selected	means	should	not	be	ink:	Concentration	of	unidirectional	loading	already	intensifies	the	training	process,	and	one	should	not	i	n	q	it	further	with	high	intensity	means.	5.	The
length	of	time	for	which	the	LDTE	is	displayed	is	determined	by	the	volume	and	duration	d	concentrated	strength	loading.	In	principle,	the	duration	of	the	LDTE	(Ti!)is	approximately	equal	to	duration	of	the	strength	training	stage	(T	1).	Under	the	actual	training	conditions	of	highly	qualified	athl&	depends	on	the	athlete's	volume	of	loading	and
individual	recuperative	ability.	An	equivalent	volum&'!	.;j	loading	for	two	athletes	of	the	same	qualification	can	yield	significantly	different	effects.	There	are	a	number	of	important	circumstances	associated	with	the	production	and	use	of	the	LDTE	of	s	t	m	g	loading	during	the	annual	cycle.	Athletes	invariably	do	not	allow	or	do	not	have	sufficient	time
for	recupera*	after	extensive	strength	loading.	Consequently,	they	minimise	the	possibility	of	stimulating	a	LDTE	of	streng	loading	-and	thereby	maintain	conditions	which	are	extremely	stressful	for	the	body.	Besides	this,	the	body	regularly	forced	to	unjustifiably	deplete	its	current	adaptation	energy	and	sometimes	draw	upon	its	de	adaptation	energy
to	restore	its	energy	potential.	Consequently,	the	effectiveness	of	preparation	is	fairly	B	under	such	conditions	and	special	work-capacity	is	not	very	high	during	the	competition	stage.	During	the	period	of	emergence	of	the	LDTE	of	extensive	strength	loading,	it	is	relatively	easy	and	padfor	the	body	to	change	to	intensive	loading,	but	it	will	react
negatively	to	extensive	work.	This	is	mqnifested	the	slowed	or	even	decreased	growth	of	speed-strength.	The	volume	of	training	work,	therefore,	should	not	be	inc	dur	volume	to	tone	the	neuromuscular	system	during	competition	preparation,	as	well	as	to	maintain	the	achieved	-a	a	1	SUPERTRAINING	gth	preparedness	if	the	length	of	the	competition
period	exceeds	the	duration	of	the	LDTE	of	s	point	it	is	relevant	to	commeat	on	the	relationship	between	strength	training	and	technical	training,	other	words,	a	strength	training	programme	should	first	be	constructed	in	accordance	the	highest	level	of	sports	mastery,	improvement	in	performance	is	determined	primarily	by	increasing	the	physical
preparation,	both	in	the	yearly	cycle	and	in	long-term	training.	tness	and,	consequently,	to	technical	preparation.	To	avaid	this,	it	is	advisable	in	training	high	level	structure	the	programme	so	that	strength	work	precedes	and	does	not	interfere	with	technical	training.	training	should	take	place	in	the	presence	of	the	delayed	training	effect	of	the
concentrated	volume	of	i.e.	when	there	is	recovery	of	work	capacity	and	an	increase	in	the	level	of	speed-strength.	loads.	This	type	of	programming,	especially	as	part	of	the	conjugate	system	of	training,	introduces	different	modes	of	loading	into	the	training	rather	than	separating	them	in	time,	so	that	?he	Delayed	Training	Effect	and	Long	Duration
Work	With	resped	to	aerobic	and	anaerobic	productivity,	there	is	no	experimental	data	that	clearly	documents	.vtmmnce	of	the	LDTE	phenomenon	in	cyclic	distance	training.	The	exceptions	are	cases	of	intense	training	under	the	lowered	oxygen	conditions	of	high	altitude.	Here,	characteristics	of	the	LDTE	phenomenon	have	been	observed	in
swimmers,	with	significant	increases	being	measured	in	maximum	aerobic	capacity,	the	total	volume	of	work	which	can	be	executed	at	the	critical	level	of	power,	YO2	max	and	the	onset	of	blood	lactate	m	u	mulation	(Vaitsekhovsky	et	al,	1974).	These	changes	persisted	for	more	than	4	weeks	afker	3	weeks	of	trainhrg	at	an	altitude	of	170Om	above	sea
level,	with	a	peak	response	taking	place	about	1	week	after	the	altitude	training.	All	of	the	athletes	in	the	study	improved	their	results	immediately	after	training	at	altitude.	Similar	results	were	obtained	with	skaters	who	were	first	tested	with	4	minutes	on	a	cycle	ergometer	every	week	for	3	weeks	at	an	altitude	of	2250m,then	with	the	same	test	for
the	next	3	weeks	at	sea	level	(Ivanov,	1977).	At	altitude,	there	was	a	decrease	in	mechanical	efficiency	and	an	increase	in	oxygen	consumption,	energy	expenditure	and	lactate	accumulation.	After	a	return	to	sea	level,	it	was	found	that	the	functional	efficiency	of	the	work	exceeded	the	pre-experimental	levek	as	a	result	of	more	economical	metabolism
and	a	significantly	diminished	amount	of	anaerobically	produced	ATP.	The	stay	at	low-oxygen	(hypobaric)	conditions	common	to	both	experiments	provided	a	very	demanding	training	influence	which	provoked	persistent	disturbance	of	the	body's	homeostasis	and	subsequent	activation	of	its	adaptive	processes.	As	already	emphasized,	the	LDTE
phenomenon	is	not	observed	by	using	traditional	ways	of	investigating	the	cardiovascular-respiratory	systems	under	normal	barometric	conditions.	However,	if	it	originates	h	m	the	general	biological	processes	of	adaptation	to	external	influences,	the	prolonged	disturbance	of	homeostasis	which	is	essential	for	producing	the	LDTE	will	occur	at	the
level	of	more	subtle	physiological	systems	and	changes	in	its	dynamics	will	not	be	detectable	by	methods	used	for	assessing	the	more	gross	aerobic	and	anaerobic	processes	363	(Verkhoshansky,	1977).	In	this	case,adaptation	apparently	accurs	at	deeper	cellular	the	mitochondria	and	endocrine	system),	as	indicated	by	considerable	b	1974;	Viru,	1969,
1981;	Finogenov,	1979).	However,	disturbance	dynamics	of	a	number	of	psycho-physiological	indicators	which	reflect	the	functional	state	and	neuromuscular	systems.	Another	study	showed	that	the	use	of	large	training	loads	revealed	by	the	slowing	of	complex	motor	reactions,	diminished	deterioration	of	precision	in	trackmg	a	moving	object	(
decrease	in	work	capacity,	in	the	functional	state	of	the	card	muscle	tonus,	and	in	hormonal	levels	in	the	adrenal	cortex.	of	the	swhming	workquts	was	altered,.	there	was	a	rise	in	the	psycho-physiological	supermmpe&on	(adaptive	reconstruction)	phase	emerged.	Simultaneously,	the	work	swimmers	i~memed,the	functional	state	of	the	cardiovascular
system	improved	and	muscle	concluding	comments	It	is	hoped	that	research	in	this	area	in	the	near	future	will	enable	us	to	chmackrise	more	phenomenon	of	extensive	specific	loading	in	long-duration	cyclic	sports	and	make	a	significant	the	science	of	programming	training.	The	characteristics	of	the	LDTE	phenomenon	should	be	important	foundation
for	devising	programmes	for	training	highly	qualified	athletes	over	the	annu	because	the	creation	of	conditions	for	evoking	and	exploiting	the	LDTE	signifioantly	increases	the	possi	enhancing	the	effectiveness	of	ttaining	for	all	sports.	-	It	is	necessary	to	emphasize	that	one	must	dz~wentia	L	D	E	of	loading.	In	the	first	case,the	key	issue	is	the	training
has	ceased,	whereas	in	the	m	n	d	case,	the	vital	issue	is	the	relatively	functional	indicators	as	a	result	of	specially	organised,	concentrated	volumes	of	loading.	6.1	1	'TheDynamics	of	Training	in	the	Annual	Cycle	As	has	already	been	emphasized,	knowledge	of	the	characteristics	of	of	the	athlete's	fitness	state	and	the	training	loads	is	of	central
importance	in	programming	training	practice,	there	is	very	little	research	concerning	the	dynamics	of	the	athlete's	state	over	the	Research	assessing	the	athlete's	'state	3	to	4	times	a	year	is	not	v	changes	in	state	occur	between	each	of	these	stages.	There	is	amiderable	research	on	the	changes	in	the	functional	indicators	of	untrained	subjects	under
laboratory	conditions	for	pQiods	of	3-4	month	(Pollock,	1973).	These	studies	are	undoub	for	studying	the	meohanism	of	the	body's	short-tam	adaptation	to	rnwular	work,	but	are	programming	the	training	of	highly	qualified	athletes.	Therefore,	research	of	exercise	dynamics	and	experiments	under	the	natural	of	qualification,	recokding	fundonal
iadichrs	,twice	a	month	training	loads	and	volumes	(the	results	of	which	are	given	Research	has	established	that	in	sports	requiring	explosive	force,	random	o	h	e	d	in	atkletes	of	medium	qualification,	together	with	insignSmt	annuad	cycle,	Fudwrmore,	these	fluctuationsoften	do	not	conform	to	the	periodkition	competition	calendar.	The	reason	far	this
lies	in	the	use	regimes	of	different	primary	emphasis)	and	the	loading	over	the	m	u	d	cycle.	Accompanying	the	growth	of	profici	regularity	which	reflects	the	type	of	training	periodisation	(e.g.	in	the	decathlon)	the	level	significant	fluctuations	throughout	the	year.	In	bi-cyclic	periodisation,	conform	to	two	mesocycles	of	preparation,	one	ending	in	the
winter	and	the	other	in	the	summer	competition.	However,	in	the	case	of	high&	qdifzed	athletes,	the	dynamics	of	speed-strength	over	the	annual	cannot	be	regulated	in	such	a	manner.	Research	reveals	a	pronounc	SUPERTRAINING	phenomenon	which	has	great	significance	for	regulating	the	influence	of	loading	was	first	W	v	e	r	e	d	by	b	g	the
dynamics	of	the	functkmaJ	state	mer	the	mual	cycle.	It	was	found	that	rhespeed-strength	of	thigh	b,	knee	extension	and	plantarflexion	can	show	dtfl'esent	trends	qf	change	at	certain	mining	stages.	The	which	are	responsible	for	movement	of	the	lower	extremties.	The	concurrent	use	of	jumping	and	barbell	s	exerts	a	more	intense	local	influence	on	the
plantarflexors	than	other	muscles	of	the	lower	extremity	resses	their	functional	state.	However,	the	leading	is	not	as	intense	on	the	thigh	extensors,	indicators	reflect	a	high	value.	In	this	case,	the	athlete	notices	that	movement	coor-OD	t	although,	on	the	whole,	he	feels	perfectly	fit.	rhus,	when	one	attempts	to	determine	the	composition	and	the
means	of	special	stnmgth	training	without	account	the	diffkrences	in	their	primary	emphasis	on	the	specific	muscle	groups	producing	sporting	the	result	can	be	that	the	functional	state	of	the	muscles	involved	does	not	conform	to	that	reauired	by	pat.	This,	in	turn,	exerts	a	negative	effect	on	the	quality	of	the	athlete's	technical	and	redness	for
competition.	Consequently,	in	this	case,	it	is	necessary	to	regulate	the	emphasis	of	the	loading	plantarilexors,	and	periodically	decrease	the	loading	dn	them,	especially	during	the	technical	and	pre-competition	training	stages.	athlete's	fitness	state,	as	characterised	by	his	aerobic	and	anaembic	capabilities,	depends	on	the	contents	on	of	the	training
loads.	One	study	which	corroborated	this	finding	examined	the	results	of	two	ddle-distance	rumem	training	with	different	training	pr-es	over	an	annual	cycle	(Sirenko,	group	followed	a	training	programme	with	the	same	volume	and	distribution	of	running	means,	but	1	used	a	traditional	single-peak	distribution	of	strength-means,	whereas	Group	2
used	a	double-peaked	$tibution	of	means	with	the	emphasis	concentrated	in	December	and	March-April.	C-	Group	2	proved	superior	in	all	tests	of	functional	ability,	including	aerobic	efficiency,	'anaerobic	threshold'	W	of	blood	lactate	accumulation)	and	the	results	of	control	rum	of	400m	and	1200~x1,as	well	as	in	their	@tingperformances.	During	the
summer	competition	stage	Group	2	improved	the	800m	h	e	by	an	average	of	&	seconds	and	the	1500m	nm	by	6.3	seconds,	whereas	in	Group	1,	the	improvements	were	3.4	and	4.6	seconds,	Wtively.	This	and	other	studies	of	the	influence	of	training	loads	an	functional	indicators	show	that	three	levels	of	ange	in	an	athlete's	fitness	state	during	training
may	be	identified:	a	hi-s	A	long-term	level	characterised	by	the	steady	rise	in	the	athlete's	special	work-capacity.	This	level	is	;;ed	with	prolonged	training	-kxiods	of	one	or	more	years	and	&i	basis	lies	inlong&m	-	ada~tation,	promoted	chiefl;	by	&volume	of	speed-strength	>	strength-speed	>	strength	>	strength-endurance	>	genezal	lkitlmce).	ts	This
involves	alternating	sets	of	exercises	for	different	regions	of	the	body	to	achieve	specific	.	There	are	several	ways	in	which	alternation	is	used:	major-minor	muscle	(staggered)	sets,	upper-	sets	and	agonist-antagonist	sets.	Staggered	Sets	are	supersets	which	alternate	one	set	for'major	muscle	s	with	a	set	for	minor	muscles	in	an	attempt	to	gainfully
use	the	long	rest	intervals	between	each	set	of	ses	for	the	major	muscles.	Upper-Lower	Body	Sets,	sometimes	inappropriatelycalled	peripheral	heart	action	)	sets,	alternate	a	set	for	the	upper	body	with	one	for	the	lower	body.	This	switch	to	heavy	activation	of	tends	to	promote	reflexive	relaxation	of	another	distant	body	part,	a	process	first	described
by	he	early	1900s.	Proponents	of	the	PHA	concept	believe	that	this	system	avoids	engorging	one	th	blood	and	encourages	the	development	of	circulatory	fitness.	The	fact	is	that	all	human	resisted	and	not	just	PHA	encourages	peripheral	circulation	and	PHA	offers	no	superior	cardio-circulatory	mpared	with	other	systems	of	resistance	training.
Agonist-AntagonistSetsexercise	agonist	muscles	of	me	joint	with	the	antagonistic	muscles	of	the	same	joint	(e.g.	triceps	followed	by	biceps),	either	in	the	form	of	cPersets	or	as	successive	sets.	L	p	p	o	Changing	Sets	These	sets	involve	changing	the	tempo	(or	pace)	of	an	exercise	during	each	set,	so	that	Wer	one	repetition	may	be	performed	faster	or
slower	than	other	repetitions,	or	the	duration	of	the	concentric,	~bituationand	stagnation	(see	Fig	1.32)	after	long	periods	of	training.	khishing	Sets	This	method	entails	trying	to	perform	a	very	large	number	of	repetitions	(usually	100)	in	as	few	ts	as	possible	with	the	same	load,	with	a	minimal	rest	period	between	sets,	for	example	30-25-20-15-10.
The	:wcomer	to	this	method	may	have	to	use	as	many	as	10-12	sets,	but	the	ultimate	aim	is	to	decrease	the	number	#necessary	sets	rather	than	to	increase	the	load.	When	one	is	capable	of	executing	the	100	repetitions	in	4-5	sets,	SUPERTRAINING	50that	it	is	vital	that	you	train	with	different	rest	intervals	to	learn	to	cope	with	such	situations.	Take	a
short	break	from	your	regular	training	to	overcome	mental	stagnation	and	facilitate	restoration.	Use	fewer	exercises	in	your	workout	-Include	more	variation	in	your	workout.	-Use	shorter,	more	frequent	workouts	Subdivide	your	workouts	into	rational	modules	of	a	few	exercises,	then	do	two	or	more	modules	per	day.	Use	ballistic	methods	to	move
through	a	sticking	point	in	an	exercise.	Perform	loaded	isometric	holds	at	crucial	points	Include	formal	restoration	in	your	training	programme,	if	you	do	not	already	do	so	3nplement	appropriate	mental	strategies	by	consulting	qualified	specialists	Take	a	short	break	from	the	problem	exercise	or	event	Implement	a	basic	periodisation	programme	or	at
least	an	portion	of	one,	if	you	are	not	already	following	one.	Use	assistance	exercisesto	strengthen	areas	of	weakness	in	the	problem	exercise	Use	'forced	repetitions'	with	the	aid	of	a	training	partner	(details	given	earlier	in	Ch	7.1)	cluding	Remarks	above	summary	by	no	means	exhausts	the	repertoire	of	methods	and	variations	of	resistance	training
that	is	in	resistance	training,	but	it	serves	as	a	rapid	reference	for	the	major	methods	which	are	most	frequently	used	In	applying	any	of	the	methods	discussed	in	this	section,	it	is	essential	that	the	detailed	infoxmation	es.	It	should	never	be	forgotten	that	no	methods	operate	in	isolation	of	one	another;	each	method	has	ate	and	delayed	training	effects
which	have	significant	effects	on	other	methods	that	follow	hours,	days	or	en	weeks	later	(e.g.	see	3.3.1,3.4,5.3,5.4	and	ail	Ch	6).	PNF	for	short,	however,	can	offer	a	highly	comprehensive	strength	training	system	that	encompasses	and	.2	PNF	as	a	Training	System	Strength	training	is	often	regarded	as	a	discipline	confined	largely	to	the	gymnasium
or	sports	field.	Unfortunately,	this	can	obscure	the	fact	that	it	can	and	does	appear	in	other	situations	which	have	little	direct	connection	with	sport.	In	particular,	PNF	(Proprioceptive	New-omuscularFacilitation)	contains	many	useful	techniques	which	can	play	an	important	role	in	the	strength	training	of	athletes.	It	is	one	of	the	aims	of	this	section	to
show	that	PNF	is	a	comprehensive	conditioning	system	which	includes	not	only	many	of	the	principles	already	covered	in	this	book,	but	also	adds	insights	which	complement	these	principles.	PNF	is	invariably	regarded	by	conditioning	coaches	as	a	special	type	of	sophisticated	stretching,	alongside	static,	ballistic	and	passive	stretching.	PNF	is	far
more	than	just	another	stretching	technique;	it	is	actually	an	entire	system	of	therapy	comprising	a	broad	spectrum	of	different	techniques	and	procedures	for	rehabilitating	patients	suffering	from	various	musculoskeletal	injuries	or	disabilities.	Stretching	constitutes	but	one	of	many	aspects	of	the	full	repertoire	of	PNF	methods,	yet	even	those
enlightened	coaches	who	use	PNF	extol	only	its	virtues	as	a	stretching	system.	40	1	PNF	was	developed	by	Herman	Kabat	from	1946-1951	on	the	basis	of	work	by	renowned	including	Sherrington,	Hellebrsmd,	McGraw,	and	Pavlov.	It	created	a	practical	rehabilitative	system	findings	on	the	reflexes	of	the	body,	motor	development	of	the	infant	and	the
neuromuscular	respon	Essentially,	PNF	recognizes	that	allphysical	conditioning	depends	primarily	on	neuromusculw	involving	sensitive	receptors	(proprioceptors)	in	the	muscles,	tendons	and	joints	which	enable	a	$	stabilise	and	move	the	body	and	its	parts	in	space	and	time.	Appropriate	recruitment	of	the	variqq	reflex	~fthe	b	erefore,	fonms	a	vital
part	of	PNF	condi	7.2.1	Definition	and	Scope	of	PNF	.	J	Formally,	PNF	is	defined	as	a	systemforpromoting	the	response	of	neuromuscular	mechanisms	by	st&	theproprioceptors.	Knott	and	Voss	state	quite	simply	that	PNF	techniques	involve	placing	a	demandd	response	is	required.	Its	relation	to	the	well-known	SAID	(Specific	Adaptation	to	Imposed
Demands)	E	then	becomes	clear.	'NFmay	be	recognised:	chsical	PNF	and	modified	PNF.	The	ner	ntially,	two	hands-on	clinical	approach	described	in	the	G	o	t	t	and	Voss	text,	while	thelatter	refers	to	an	appro&	adapts	certain	PNF	techniques	and	principles	for	application	by	hand	or	apparatus	in	physical	conditioniq	11I	applying	classica1	PNF,	,	the:
physical	therapist	stabilises	specific	parts	of	the	body	wit1I	the	ha	while	the	other	Ihand	is	used	to	sir	the	extremity	or	relevant	part	of	the	limb	of	the	patient	to	offer,	hi,	patterns	of	resistance.	The	physical	therapist's	hand	presses	in	a	predetermined	direction	and	mannetfd	the	patient	to	execute	what	is	termed	a	pattern,	that	trajectory	of	the	limb
which	most	efficiently	r	e	e	d	relevant	muscles.	These	patterns	are	usually	imposed	so	that	the	extremity	of	the	patient's	limb	is	comp	follow	a	spiral	or	diagonal	path	which	crosses	the	sagittal	midline	of	the	body.	Depending	on	the	na&	severity	of	the	injury	or	disability,	the	therapist	will	encourage	the	patient	to	produce	isomet	contractions	for	an
appropriate	period	against	the	resistance	of	the	hand.	PNF	stipulates	that	the	muscle	contraction	must	be	maximal	throughout	the	current	ran	thereby	ensuring	that	summation	occurs	at	all	times.	Summation	refers	to	the	adding	toge	muscle	twitches	to	produce	strong,	cooperative	muscle	movements.	It	occurs	by	imposing	exercised4	intensity	or
vrolonged	duration	to	increase	either	the	number	of	motor	units	contracting	simultaneouslv	or,Q	rate	of	firing	(or	both).	Y	At	times,	the	therapist	will	produce	a	strong	involuntary	contraction	in	a	debilitated	muscle	by	'	sharp	jerk	during	extension	of	the	joint,	thereby	eliciting	the	myotatic	stretch	re&	produced	by	spindles.	This	is	particularly	useful	if
the	patient	finds	it	dificult	to	initiate	or	sustain	a	muscle	co	PNF	recognizes	that	the	myotatic	stretch	reflex	actually	consists	of	a	short	duration,	powerful	dynamic	stretch	reflex	and	a	longer	duration,	weaker	static	(tonic)	stretch	reflex	(see	Fig	3.33).	Consequently,	s	long	duration	stretching	loads	are	imvosed	in	PNF	to	achieve	different	muscular
responses.	At	other	resistance	will	be	increased	or	prolonged	so	as	to	enhance	activation	of	the	Golgi	tendon	reflex,	thereby	tendin	reduce	the	tension	in	a	muscle	and	promote	local	relaxation,	which	is	sometimes	desirable	in	facilitating	execution	of	a	certain	pattern	(see	Fig	3.33).	PNF	also	relies	on	the	phenomenon	of	reciprocal	inhibition	in	which
strong	contraction	of	the	agonist	mw	causes	reflex	relaxation	of	the	antagonist	muscles	to	prevent	the	latter	from	being	injured.	Application	of	fl:	technique	can	produce	a	significantly	stronger	contraction	of	the	agonists.	In	the	clinical	setting,	PNF	requires	the	therapist	to	make	regular	use	of	verbal	and	non-verbal	including	contacts	with	the	hands
or	highly	specific	spoken	commands	to	direct,	instruct	and	motivate	the	p	Sometimes,	PNF	implements	various	supplementary	methods	to	augment	facilitation	produced	by	other	prim	means.	These	include	the	use	of	vibration,	massage,	ice,	heat,	electrostimulation,	ultrasound	or	stroking.	r	PNF	and	the	Neuromuscular	Reflexes	PNF	makes	extensive
use	of	the	different	reflexes	which	serve	to	protect	the	body,	stabilise	and	mobilise	it	f&	action	under	a	wide	variety	of	circumstances	(see	Fig	3.33).	As	we	have	already	learned,	plyometric	m	e	t	h	d	l	recruit	the	myotatic	stretch	reflex	to	activate	the	muscles	after	a	strong	eccentric	shock	phase.	There	are	many7	other	reflex	systems	in	the	body	which
mediate	action	automatically	to	avoid	the	potentially	dangerous	andr	inefficient	responses	that	would	be	caused	by	reliance	on	slower	voluntary	processes.	A	knowledge	of	reflex	mechanisms	is	vital	to	musculoskeletal	conditioning,	a	fact	which	is	stressed	in	PNF.	S	UPERTRAINING	tendency	to	focus	on	bodybuilding	or	general	weight	braining
techniques	over-emphasizes	the	role	of	e	contraction,	which	is	really	the	end-product	of	the	interaction	of	various	voluntary	and	reflex	neuromotor	PNF	serves	the	valuable	purpose	of	recognising	neuromuscular	mechanisms	as	the	dominant	feature	of	a1	movement,	rehabilitation	and	training.	Intensity,	duration,	speed,	type	and	patterns	of	muscle	are
primarily	a	consequence	of	neuromuscular	processes	and	the	relevant	reflexes	of	the	body.	2	Relationship	of	PNF	to	Physical	Conditioning	ay	be	seen	to	provide	a	highly	systematic	approach	to	improving	directly	all	the	S-factors	of	fitness	and	of	the	other	specialised	fitness	qualities	analysed	in	Chapter	1	(see	1.14.3),	except	cardiovascular	enand
psychological	fitness.	ists	to	apply	repetitions	of	graded	resistance,	to	incorporate	phases	of	action	and	greater	range	of	movement,	to	impose	specific	patterns	of	entary	procedures	for	enhancing	performance	and	to	generally	to	voluntary	and	involuntary	movement.	No	training	method	could	to	offer	much	more	than	this	repertoire	to	qualify	as	an	all-
round	conditioning	system.	he	Fundamentals	of	PNF	may	be	categorised	in	terms	of	five	P-factors:	Principles,	Procedures,	Patterns,	Positions	and	Postures,	with	Pivots	and	Pacing	(Timing)	as	important	sub-categories.	The	methods	comprising	these	factors	were	evelopment,	such	as	the	functional	evolution	of	all	movement	from	rowing	child	or	novice
athlete	in	definite	sequences	progressing	total	to	individuated	proximal	to	distal,	distal	to	proximal	mobile	to	stabile	reflexive	to	deliberate	overlapping	to	integrative	incoordinate	to	coordinate	.3.1	The	Principles	of	PNF	basic	principles	of	PNF	may	be	surnmarised	as	follows:	Use	of	spiral	and	diagonal	movement	patterns	e	sagittal	midline	of	the	body
ovement	components,	especially:	flexion-extension	adduction-abduction	internal-external	rotation	Exercising	of	related	muscle	groups	Judicious	eliciting	of	reflexes	.	Movement	free	of	pain,	but	not	free	of	effort	.	Comfortable	full-range	movement	.	Application	of	maximal	resistance	throughout	the	range	of	non-ballistic	movement	.	Use	of	maximal
resistance	to	promote	overflow	(irradiation)	of	muscle	activity	from	stronger	to	weaker	patterns.	In	particular,	use	of	successive	induction	or	contraction	of	agonists	directly	before	contraction	of	.	Use	of	multiplejoint	and	muscle	action	.	Commencement	of	motion	in	the	strongest	range	3.	Appropriate	positioning	of	joints	to	optimise	conditioning	4.
Exercising	of	agonists	and	antagonists	5.	Repeated	contractions	to	facilitate	motor	learning,	conditioning	and	adaptation	(tactile,	auditory,	visual)	to	facilitate	action	7.	Emphasis	on	visuo-motor	and	audio-motor	coordination	8.	Use	of	distal	to	proximal	sequences	in	neuromuscularly	mature	subjects	SUPERTRAINING	19.	20.	2	1.	22.	23.	Use	of	stronger
muscles	to	augment	the	weaker	Progression	fiom	primitive	to	complex	actions	Planning	of	each	phase	to	lay	foundations	for	the	next	phase	All	activities	are	integrated	and	goal	directed	Use	of	adjunct	techniques	(cold,	electrostimulation,	massage,	vibration,	stroking).'	Immediately	it	may	be	seen	that	employment	of	any	of	the	above	principles	in
training	implies	conscioas	unconscious	reliance	on	aspects	of	the	PNF	system.	7.2.3.2	Procedures	of	PNF	The	procedures	(or	techniques)	used	in	PNF	include:	1.	2.	3.	4.	5.	6.	7.	8.	9.	Use	of	specific	manual	contacts	with	the	body	to	facilitate	and	guide	movement	Application	of	maximal	tolerated	resistance	The	use	of	oral	commands	and	non-vefbal
cues	to	facilitate	correct	movement	Eliciting	of	maximal	stretch	reflex	in	the	lengthened	muscle	range	(Starling's	Law)	Use	of	appropriate	timing	and	sequencing	of	all	actions	Application	of	traction	or	approximation	(compression)	to	stimulatejoint	receptors	Inclusion	of	recuperative	motion	to	reduce	or	avoid	fatigue	produced	by	resisted	activity	Use
of	Specific	Activation	Techniques	to	develop	fill	range	of	voluntary	movement	The	use	of	Specific	Relaxation	Techniques.	The	Specific	Advation	Techniques	(of	8	above)	need	to	be	elaborated	upon,	as	follows:	Repeated	Contractions	(RC)	Repetition	of	muscle	contraction	is	necessary	for	motor	learning	and	the	development	of	strength,	endurance	and
flexibility.	PNF	uses	precise	sequences	or	patterns	of	isometric,	concentric	and	contraction,	sometimes	augmented	by	eliciting	various	neuromuscular	reflexes	(i.e.	methods	which	may	similar	to	some	types	of	plyometrics).	Rhythmic	Initiation	(RI)	This	technique	employs	phases	of	voluntary	relaxation,	passive	movement	and	repeated	dynamic	contra
of	the	major	muscle	groups	involved	in	the	agonistic	pattern	of	movement.	It	can	be	valuable	with	su	who	struggle	to	initiate	activity	because	of	rigidity	or	spasticity.	Reversal	of	Antagonists	(RA)	This	action	occurs	naturally	in	numerous	activities	such	as	walking,	running	and	sawing	wood.	antagonists	do	not	reverse	competently	in	terms	of	strength,
speed	and	coordination,	motor	e	impaired.	PNF	uses	three	methods	of	reversal:	slow	reversal,	slow-reversal-hold	and	rhythmic	stabilisation.	,	ot	Slow	reversal	(SR)	involves	dynamic	contraction	of	the	antagonist	slowly	followed	by	dynamic	contraction	the	agonist.	Slow	reversal-hold	(SRH)	employs	dynamic	contraction	followed	by	isometric
contraction	of	the!	antagonist,	finally	followed	by	the	same	contraction	sequence	for	the	agonist.	Rhythmic	stabilisation	(RS?	involves	isometric	contraction	of	the	antagonist,	followed	by	isometric	contraction	of	the	agonist,	thereby	producing	co-contraction	of	the	antagonists.	The	Specific	Relaxation	Techniques	(of	9	above)	similarly	need	to	be



expanded	upon,	since	they	include	the	so-;	called	PNF	stretching	techniques	popularly	used	in	athletic	conditioning.	Contract-Relax	(CR),	which	involves	a	dynamic	contraction	of	the	antagonist	against	maximal	resistance2'	followed	by	a	phase	of	relaxation.	This	technique	is	repeated	several	times	beginning	and	continuing	fiom	a)	point	where	the
limb	concerned	is	moved	to	its	limit	of	pain-&	action.	The	practitioner	resists	the!	contraction	as	strongly	as	possible	and	then	instructs	the	client	to	relax	before	decreasing	the	force	and	waitingfor	the	relaxation	to	occur.	The	limb	is	moved	passively	to	its	new	limit	of	extension	and	the	process	is	continued	gently	for	a	few	repetitions.	,.	-,.	-*	I	-.	-	.	*
SUPERTRAINING	Hold-Relax	(HR)	is	similar	to	contract-relax	except	that	isometric	rather	than	dynamic	contktction	against	maximal	resistance	is	applied	at	the	limit	of	the	client's	movement	before	relaxation	is	commanded.	Slow-Reversal-Hold-Relu	(SRHR)	comprises	four	stages:	dynamic	contraction	of	the	antagonists	involved,	isometric	contraction
of	the	antagonists,	brief	voluntary	relaxation,	and	finally,	dynamic	contraction	of	the	agonists.	These	stages	are	applied	to	the	muscles	in	the	specific	pattern	needed	to	relax	the	group	of	muscles	concerned,	using	several	repetitions	to	enhance	functional	flexibility.	7.2.3.3	Patterns	of	PNF	-	Probably	the	most	neglected	aspect	of	PNF	by	coaches	is	the
employment	of	specific	patterns	of	joint	and	limb	movement	to	recruit	and	condition	muscles	in	the	most	efficient	or	appropriate	manner.	Physiotherapists	spend	considerable	time	learning	the	intricacies	of	patterns	to	stabilise	some	parts	of	the	body	and	to	activate	other	parts	using	the	procedures	outlined	above.	In	conditioning	the	developing
neuromuscular	systems	of	the	patient,	the	novice	or	the	child,	there	is	always	an	emphasis	on	progression	from	primitive	to	complex,	gross	to	individuated,	mobile	to	stabile,	reflexive	to	deliberative,	proximal	to	distal,	and	incoordinate	to	coordinate.	Contrary	to	common	belief,	the	novice	must	be	taughtfiom	a	base	of	mobility	to	progress	to	stability,
just	as	an	infant	learns	to	stand	by	first	moving,	staggering	and	exploring	the	environment.	The	movement	patterns	involve	the	application	of	all	the	above	Principles	of	PNF,	such	as	the	use	of	spirals	and	diagonals,	crossing	of	the	body's	midline,	the	judicious	eliciting	of	reflexes,	and	emphasis	of	muscle	actions	by	use	of	correct	timing.	Movement	is
promoted	by	the	eyes	following	the	extremities,	or	the	extremities	following	the	eyes.	Since	all	physical	conditioning	requires	a	constant	interplay	of	mobility	and	stability,	all	patterns	implicate	some	parts	of	the	body	in	stabilising	and	other	parts	in	mobilising.	For	instance,	both	static	strength	and	static	muscular	endurance	might	have	to	be
developed	in	the	back	muscles	of	an	athlete,	while	three-dimensional	dynamic	strength,	dynamic	muscular	endurance	and	dynamic	flexibility	might	have	to	be	developed	in	the	upper	leg.	This	type	of	conditioning	cannot	be	applied	by	machines,	although	a	pulley	system	may	be	used	to	produce	the	appropriate	whole-body	patterns	of	movement
required.	In	other	situations,	the	goal	of	training	may	be	to	prevent	motion	and	to	stimulate	stability	or	maintain	balance.	Compensatory	movements	of	additional	muscle	groups	may	be	resisted	or	they	may	even	be	elicited	by	brief,	sudden	actions	or	deviations	from	optimal	patterns.	The	importance	of	these	patterns	cannot	be	overestimated,	since
they	can	enhance	the	effectiveness	of	any	training	session.	They	stimulate	more	thorough	involvement	and	motor	development	than	the	less-than-optimal	patterns	imposed	by	the	abundance	of	linear	or	cam	machines	on	the	market.	No	machines	other	than	the	traditional	high-low	pulley	machines	allow	the	user	to	produce	PNF	patterns.	Some	devices
such	as	pec-decks,	back	hyperextension	machines,	seated	pressing	machines,	hack-squat	machines	and	leg	extension	machines	(to	mention	a	few)	cause	such	large	deviations	from	recommended	PNF	patterns	that	they	can	impose	excessive	loading	on	certain	joints	and	are	suitable	only	for	a	small	proportion	of	the	training	of	highly	conditioned
athletes.	Even	then,	machine	training	is	often	not	functionally	similar	to	the	natural	patterns	of	exercise	movement	upon	which	PNF	is	based,	so	that	it	requires	a	disproportionate	number	of	machines	to	approximate	the	training	offered	by	fiee	weight	and	pulley	training	in	three-dimensional	space	under	conditions	of	pacing	or	normal	timing	(yet
another	PNF	principle).	Normal	timing	refers	to	the	timing	of	the	phases	of	a	movement	or	series	of	movements	which	occur	naturally	in	a	uninjured	person	carrying	out	a	given	activity	efficiently	and	safely.	PNF	offers	an	enormous	repertoire	of	patterns	including	those	for	sitting;	sitting	up;	sitting	up	and	rotating;	standing;	kneeling;	crawling;
raising	the	head;	moving	the	arms	from	above	to	below	and	vice	versa;	raising	and	lowering	the	legs;	moving	the	trunk	in	flexion,	extension	and	rotation;	and	raising	or	lowering	the	body.	There	are	distinctive	patterns	for	actions	with	straightened	limbs,	flexed	limbs	and	extended	limbs	(e.g.,	see	Figs	7.3	to	7.8).	Since	weight	training	is	aimed	at
maximal	muscle	conditioning	via	the	use	of	techniques	experimented	with	by	weightlifters,	bodybuilders	and	powerlifters	for	many	years	on	every	conceivable	type	of	apparatus,	there	is	no	better	environment	to	apply	modified	PNF	for	improving	overall	conditioning.	Brief	examples	of	how	PNF	may	be	adapted	for	use	in	the	gymnasium
environment'are	given	later,	but	space	does	not	permit	a	full	description	to	be	given	of	how	PNF	techniques	may	be	integrated	into	most	resistance	workouts.	For	further	information,	the	videotapes	on	applied	PNF	training	prepared	by	the	NSCA	may	be	consulted	(Siff,	1989).	405	u	,'	W	~	t	hElbow	Extens~on	Flex~ont	o	Extens~on	Abduction	t	o
Adduction	Ext	t	o	Int	Rotatron	Figure	7.3	PNF	Upper	Extremity	patterns	from	shoulder	flexion	to	shoulder	extension	.	I	2	With	Elbow	Extension	ith	Elbow	Flexion	Extension	t	o	Flexion	Abduction	t	o	Adduction	Int	t	o	Ext	Rotat~on	Extens~ont	o	Flex~on	Abduction	t	o	Adduct~on	Int	t	o	Ext	Rotat~on	Extension	t	o	Flexion	Abduction	t	o	Adduction	Int	t	o
Ext	Rotation	:JF	.fl,T.;G*	Figure	7.4	PNF	Upper	Extremity	patteps	from	shoulder	extension	to	shoulder	flexi	!.*;u,.	I	'	.?,	:..	.,	r.1	7	1	-2..	1	3	Elbow	Straight	-.I&?	I,$,	.	I	.	...,	With	Elbow	Extension	With	Elbow	Flexion	Flexion	t	o	Extension	Adduction	t	o	Abduction	Ext	t	o	Int	Rotation	Flexion	t	o	Extension	Adduction	t	o	Abduction	Ext	t	o	Int	Rotation
Flexion	t	o	Extension	Adduction	to,	Abduction	Ext	t	o	Int	Rotation	Figure	7.5	PNF	Upper	Extremity	patterns	from	shoulder	extension	to	shoulder	flexion	.	...:.	.,	.	-	I	.	I	:I	.	,q%!,p	~b	m	+srrz:f	-.	.	:..;;lip!	.:	-.-,	,,-..,	,	1	;.-,.	.?--;	;.I;,-,li,	4'	/	Knee	Straight	Extension	t	o	Flexion	Abduction	t	o	Adduction	Ext	t	o	Int	Rotation	With	Knee	Flexion	With	Knee	Extension
Extension	t	o	Flexion	Abduction	t	o	Adduction	Ext	t	o	Int	Rotation	Extension	t	o	Flexion	Abduction	t	o	Adduction	Ext	t	o	Int	Rotation	Figure	7.6	PNF	Lower	Extremity	patterns	from	hip	extension	to	hip	flexion	(legs	start	apart)	24	a	*C	-	-	Knee	Straight	Extension	t	o	Flexion	Adduction	t	o	Abduction	Int	t	o	Ext	Rotation	_.-.	-.	I,	i	1	With	Knee	Extension
Extension	t	o	Flexion	Adduction	t	o	Abduction	Int	t	o	Ext	Rotation	With	Knee	Flexion	Extension	t	o	Flexion	Adduction	t	o	Abduction	Int	t	o	Ext	Rotation	I	Figure	7.7	PNF	Lower	Extremity	patterns	from	hip	extension	to	hip	flexion	(one	leg	starts	crossed	over	the	other)	1	Upper	Trunk	Pattern	Flexion	with	Rotation	t	o	the	right	Upper	Trunk	Pattern
Extension	with	Rotation	t	o	the	left	Figure	7.8	PNF	Trunk	Rotation	pattern.	This	pattern	may	be	done	in	a	supine	or	standing	position	and	taken	further	into	trunk	and	hip	flexion	to	serve	as	a	very	effective	exercise	for	all	of	the	abdominal	muscles.	Resistance	may	be	offered	with	a	cable	machine.	7.2.3.4	Positions	and	Postures	of	PNF	Positions
andpostures	are	an	integral	p+	of	the	use	of	PNF	patterns.	The	body	and	its	limbs	have	to	be	held	in	carefully	prescribed	postures,	with	thejoints	and	limbs	maintained	in	certain	positions	or	moved	from	position	to	position	to	establish	stability	of	some	systems	and	mobility	of	others	in	order	to	enhance	neurommular	development	and	safety.	All	action
can	then	take	place	around	specificjoints	aspivots.	For	instance,	a	dumbbell	curl	performed	with	the	elbow	dug	firmly	into	the	side	will	produce	activation	patterns	and	results	which	are	distinctly	different	from	dumbbell	curls	done	with	the	elbow	and	shoulder	fiee	tQ:	flex,	extend	or	rotate.	Besides	the	possibility	fbr	cheating	and	trapezius	involvement
for	the	unrestrained	e	l	k	curl,	another	less	familiar	difference	between	the	two	curls	is	that	downward	traction	can	occur	at	the	should&	joint	for	the	unrestrained	curl.	7.2.3.5	Pacimg	in	P	I	N-	----~	q-.-iv-*"r;	llsr	!	.-	Normal	timing	or	pacing	refers	to	the	timing	of	the	phases	of	a	mcrvement	or	series	of	movements	which	occw	naturally	in	an	uninjured,
healthy	person	carrying	out	a	prescribed	activity	efficiently	and	safely.	The	optimal	timing	of	each	phase	of	any	movement	is	vital	for	all	nemmuscular	conditioning,	functional	strength	development	and	perfection	of	motor	skill,	7.2.4	Modifications	t	o	PNF	Modified	PNF	refers	to	the	adapting	of	classical	PNF	for	use	in	the	athletic	conditioning	setting
or	fitness	class.	Not	only	does	it	modify	some	PNF	partner	stretches	for	use	by	unassisted	individuals,	but	it	can	also	include	application	or	adaptation	of	any	of	the	PNF	Principles,	Procedures,	Patterns,	Positions	and	Postures	in	-the	normal	conditioning	environment.	Pulleys	and	dumbbells	are.	especially	suitable	for	application	of	the	spiral	and
diagonal,	midlim-cmssing	PNF	techniques.	The	standing	full-range	cable	cross-over	exercise	with	external-internal	rotation	of	the	shoulder	joint-shes	just	one	exampie	of	an	adapted	PNF	pattern.	Barbell	training	provides	fewer	opportunities	for	the	use	of	PNF	training,	while	machines	offer	the	fewest	possibilities	of	all	for	use	of	modified	PNF.	This
does	not	imply	that	barbell	and	machine	training	should	be	avoided.	On	the	contrary,	it	can	be	used	effectively	under	special	circumstances,	sometimes	to	cause	intentional	deviations	fkom	PNF	patterns	to	adapt	the	body	to	potentially	harmful	actions	which	may	occur	in	real	sporting	situations.	A	major	error	in	the	use	of	machines	is	that	they	are
invariably	regarded	as	offering	greater	stability	and	safety	for	beginners	than	free	weights.	In	fact,	their	design	imposes	body	positions,	postures	and	activation	of	pivots	which	usually	differ	considerably	from	those	recommended	by	PNF	and	compromise	the	effectiveness	and	safety	of	the	exercise.	Thus,	instructors	must	always	'spot'	for	the	users	of
machines	as	well	as	fiee	weights,	just	as	the	physiotherapist	regularly	uses	manual	contacts	and	verbal	reinforcement	Pattern	Deviations	and	Safety	Factors	It	should	be	remembered	that	the	patterns	of	PNF	were	devised	for	rehabilitation,	not	elite	sporting	training,	so	those	stipulated	in	that	it	is	not	incorrect	to	employ	patterns	of	movement	which
may	deviate	signifcantly@~ll~	PNF.	The	latter	system	generally	stipulates	execution	of	all	patterns	close	to	the	body,	a	situation	which	occurs	seldom	in	sport.	the^	are	times	when	forcehl	or	rapid	movements	have	to	be	executed	with	the	distal	extremities	far	from	the	relevant	joints,	thereby	imposing	large	torque	on	these	joints.	If	training	always
ensures	that	this	degree	of	torque	or	force	is	avoided,	then	it	will	not	prepare	the	athlete	for	the	rigors	of	the	sport	and	will	increase	susceptibility	to	overtraining	and	injury.	As	in	e	n	g	i	n	~	gone	,	must	plan	for	a	certain	safetyf	w	t	o	which	allows	the	athlete	to	manage	even	larger	forces	than	those	which	may	be	encountered	in	competition.	For
example,	a	safety	factor	of	1.2	means	that	a	system	can	cope	with	a	maximal	loading	of	0.2	or	20%g	r	e	w	thaa	normally	expected.	The	appropriate	use	of	heavy	supplementary	resistance	training	('cross	tnhhg')	can	be	especially	valuable	in	this	regard,	provided	that	it	does	not	alter	the	neurommular	patterns	needed	in	the	given	sport.	It	should	never
to	forgotten	tbat	high	levels	of	skill	and	reactive	ability	in	sport	are	vital	in	ensuring	that	sporting	%tion	is	efficient	and	safe.	Far	too	many	athletes	(e.g.	in	football	and	rugby)	believe	that	increase	in	strength	and	bodyrnass	will	automatically	protect	them	from	injury.	If	one	executes	a	movement	in	an	inefficient	manner	or	reacts	too	slowly	to	produce
adequate	force,	then	even	gigantic	strength	or	structural	bulk	can	be	&adequate	to	prevent	injury.	m	7.2.5	Functional	N	e	u	m	m	~	l	a	Conditioning	r	Although	some	members	of	the	strength	amditioning	profession	have	used	the	term	'modified	PNF'for	many	years,	its	appropriateness	needs	to	be	re-examined	for	several	remns.	Firstly,	it	is	sometimes
desirable,	to	deviate	from	k	c	t	PNF	principles	to	achieve	a	specific	goal.	Secondly,	there	are	other	movement	disciplines	such	as	Feldenkrais,	Alexander,	yoga,	Tai	Chi	and	Laban	which	offer	invaluable	additional	methods	of	conditioning.	Thirdly,	PNF	might	not	only	involve	neuromuscu1ar	pqocesses,	since	contractile	activity	in	a	muscle	may	be
facilitated	by	local	&-discharge	of	the	same	muscle.	Fourthly,	the	PNF	repertoire	includes	methods	which	may	not	be	classified	accurately	as	proprioceptive,	such	as	cognitive,	perceptual	and	other	sensory	mechanisms.	Finally,	the	term	Proprioceptive	Neuromuscular	Facilitation	is	too	technically	daunting	for	the	average	coach	or	athlete.	Therefore,
the	term	Functional	Ne-urom11scular	Conditioning	@?PC)	might	be	more	appropriate,	since	PNF	and	o	h	movement	disciplines	all	stress	the	importance	of	opthising	the	conditioning	effect	to	produce	functional	fitness	of	the	neuromuscular	system.	Because	Wolff	s	Law	states	that	function	precedes	structure,	FNC	may	be	seem	to	embrace	all-round
development	of	function	and	structure.	In	other	words,	FNC	should	be	regarded	as	an	entire	conditioning	sysfem	capable	of	developing	any	desired	type	of	musculoskeletal	fitness.	Lately,	the	term	'hctional	training'	has	been	promoted	as	a	unique	and	modern	method	of	training.	In	hct,	it	is	nothing	much	more	thm	a	synonym	f	a	'	d	o	n	specific',
'activity	specific'	or	'sport	specific'	training.	To	be	entirely	accurate,	'functional	training'	should	,address	not	only	the	motor	qualities,	but	also	the	metabolic	requirements	of	a	given	activity,	so,	where	we	encounter	the	term	'functional	training'	it	is	more	correctly	'	a	synonym	for	FNC.	Finally,	it	is	misleading	to	classify	a	single	exercise	as	being	"non-
functional",	since	functional	conditioning	can	comprise	a	combination	of	general	and	specific,	'functional'	and	'non-functional'	exercises.	Indeed,	this	type	of	combined	GPP	and	SPP	methods	forms	the	basis	of	all	periodisation.	7.3	Combinations	of	Resistance	Methods	It	is	well	know	that	the	output	f	a	c	e	or	torque	that	any	muscle	can	produce	changes
with	joint	angle,	with	the	greatest	force	usually	being	possible	after	the	joint	has	passed	through	the	midpoint	of	the	movement.	This	means	that	any	given	load	will	tend	to	underload	certain	muscles	over	some	part	of	the	movement	range.	Earlier,	we	discussed	the	method	of	CAT	(Compensatory	Acceleration	Training)	which	enablesthe	athlete	to
increase	muscle	tension	by	deliberate	attempts	to	continue	to	move	the	load	as	fast	as	possible,	but	various	machines	such	as	isokinetic	or	variable	resistance	also	have	been	used	for	years	to	offer	resistance	that	better	fits	the	strength	curves	of	muscles	or	joints.	One	of	the	most	top	PowerlBhg	coaches	in	the	USA,	Louie	Simmons,	has	been
suceessfdly	using	chains	and	elastic	bands	attached	to	bars	to	offervariable	resistance	in	major	exercises	such	as	the	bench	press,	squat	and	deadlift,	so	that	one	can	lift	against	a	predetermined	resistance	range	from	beginning	to	end	of	a	movement	(Fig	7.9).	The	author	has	used	various	other	combinations	of	free	weight	loads	and	machines	such	as
isskinetic	dynamometersto	change	the	resistance	pattern	against	which	the	athlete	trains	(see	next	section).	Figure	7.9	Me1	Siff	and	Louie	Simmons	(right)	at	the	Westside	Gym	in	Ohio	(Photo:	Diane	Black,	2000)	In	all	cases	of	variable	resistance	training,	it	is	important	to	fully	understand	the	emphasis	of	the	resistance	training	being	used,	because
frequent	use	of	any	inappropriate	training	method	or	resistance	pattern	can	be	detrimental	to	the	performance	of	the	actual	sporting	movements.	Thus,	if	one	needs	to	concentrate	on	power	development,	one	has	to	be	very	careful	to	enhance	Rate	of	Force	Development	and	to	train	regularly	with	loads	that	do	not	exceed	about	60-70	percent	of	one's
maximum,	if	one's	goal	is	maximal	power	development.	Scientific	Analysis	of	DiiTerent	Strength	Training	Combinations	The	frrst	combination	to	be	investigated	was	a	combination	of	fkee	weight	and	isokinetic	resistance,	with	group	of	subjects	being	analysed	under	separate	inertial	and	isokinetic	conditions,	then	finally	under	a	c	of	both	types	of
resistance	applied	using	a	cable	machine	specially	one	of	Siff	s	mechanical	engineering	students	at	the	University	of	the	W	The	most	interesting	findings	appear	in	Table	7.1	and	the	following	selection	of	graphs	Table	7.1	Summary	of	results	obtained	from	analysis	of	elbow	flexion	movement	under	different	resistance	conditions	(Vel	mlsec,	power	in
Watts	and	force	in	Newtons).	Resistance	Max	Velocity	Mean	Power	Peak	Power	Mean	Force	In	interpreting	this	information,	it	is	important	to	note	that	the	shape	of	the	curves	v	according	to	their	motor	characteristics,	and,	in	the	combined	scenario,	with	the	magnitude	of	the	in	the	velocity	of	isokinetic	resistance.	The	combined	resistance	may	added
weight	is	large	and	more	isokinetic	if	theadded	load	is	relatively	small.	It	may	be	significant	variation	among	graphs	produced	by	different	individual	characteristics	depend	to	a	large	extent	on	their	training	history	and	sporting	background.	1.	Greatest	mean	and	peak	power	is	produced	under	free	weight	conditions,	reaching	a	peak	appro	midway
through	the	movement	(Fig	7.10)	2.	Free	weight	force	production	is	greatest	during	the	earliest	phases	of	joint	movement	(Fig	7.10)	3.	Power	production	is	considerably	lower	under	isokinetic	and	combined	conditions,	but	remains	near	its	p	value	for	a	considerable	part	of	the	range	(Figs	7.1	1,7.12)	4.	Mean	and	peak	force	production	is	greatest
during	combined	conditions,	and	may	peak	twice	during	movement,	most	commonly	near	the	beginning	and	the	end	of	range	5.	Isokinetic	force	plateaus	about	one-third	through	the	range,	but	commonly	increases	near	end	of	range.	Displacement	(%	of	maximum)	Figure	7.10	Resisted	elbow	flexion	movement	under	free	weight	(auxotonic	or	isoinertial
)	conditions.	%FI	a	J	,	&	4m	lsokinetic	Action	I	-	S00"	200	-	0	Acceleration	Displacement	(%	of	maximum)	Figure	7.11	Resisted	elbow	flexion	movement	under	isokinetic	conditions	I	I	If	we	examine	Figure	7.10,	we	will	note	that	peak	force	is	produced	near	the	beginning	of	the	movement	and	that	peak	power	and	peak	velocity	are	both	attained	about
halfway	through	the	moqement,	when	elbow	angle	is	approximately	90	degrees.	Approximately	half	the	movement	is	spent	in	acee1eratbaand	half	in	decelerath.	If	this	graph	is	compared	with	the	graphs	in	Figures	7.1	1	and	7.125	it	will	be	seen	that	the	peak	power	g	under	auxotonic	(isoinertial)	conditions	is	some	three	times	greater	than	under
isokinetic	or	combined	au	isokinetic	conditions.	This	will	not	always	be	the	case,	since	the	shape	of	the	graph	under	combined	conditions	is	detemined	by	the	resistance	offered	by	the	free	weights	and	the	&kinetic	machine	relative	to	one	another.	400	Auxotonic-lsakinetic	Action	1	Force	,	Power	i	Acceleration	0	I1	16	20	30	40	50	60	70	80
Displacement	(%	of	maximum)	90	100	Figure	7.12	Resisted	elbow	flexion	movement	under	combined	fke-weight	(auxotonic	or	isoinertial)	and	isokinetic	conditions	The	next	resistawe	hybrid	to	be	examined	was	a	combination	of	freeweights	and	elastic	band	resistance,	using	a	box	squatting	exercise	in;	power	rack	with	stso~gelastic	bands	attached
between	the	ends	of	the	bar	and	the	base	of	the	rack.	The	length	of	the	elastic	bands	was	adjusted	so	that	elastic	resistance	varied	between	set	limits	at	the	lowest	WPERTRAINING	and	the	highest	positions	of	the	movemeat.	For-those	who	wish	to	train	with	bands,	they	may	be	con	low	cost	out	of	thick	gauge	bungee	cord	formed	into	a	continuous
loop	and	secured	with	rope	clamps.	tension	in	the	cables	may	be	measured	by	standing	on	a	bathroom	scale	(or	pair	of	scales)	while	holding	stretched	cable	at	the	starting	and	end	points	of	the	movement.	Another	method	is	to	secure	a	band-ato	measure	its	extension	with	a	series	of	loads	to	enable	you	to	draw	a	load	vs	extension	graph.	From	this	can
then	read	off	the	extra	force	exerted	by	the	cables	for	a	given	extension.	Thus,	the	powerlifters	involved	in	this	study	experienced,	in	addition	to	the	squat	weight	of	200kg,	an	elastic	resistance	of	150kg	at	the	lowest	position	while	sitting	down	on	the	box	with	knees	at	approx	angles	and	a	greatest	elastic	resistance	of	256kg	at	the	top	of	the	squat
with	knees	fully	extended.	The	expressed	in	the	form	of	percentages	of	the	squat	weight	used	(Fig	7.13).	This	method	allowed	the	pow	train	under	special	overload	conditions	intended	to	strengthen	specific	weaknesses	in	the	movement	produced	under	normal	loaded	conditions.	The	main	differences	between	this	combined	method	and	free	we
training	were:	1.	A	grmter	mean	and	peak	force	were	produced	throughout	the	range	of	movement	2.	The	descent	onto	the	box	tended	to	be	accelerated	above	the	normal	gravitational	rate	of	9.8dsec	s	q	d	that	greater	eccentric	force	had	to	be	generated	to	control	the	downward	motion	3.	The	stronger	eccentric	loading	and	the	brief	transition	period
involved	while	sitting	before	exploding	provided	neuromuscular	stimulation	which	approximates	that	usually	encountered	in	popular	ply0	training.	4.	The	force	generated	during	the	later	siages	inmeased,	in	strong	contrast	to	the	situation	of	normal	squ	which	force	production	tends	to	decrease	significantly.	As	with	the	other	combined	method	of	free
weights	and	isokinetics,	it	is	important	to	note	that	there	tend	50	large	individual	variations	and	&at	the	exact	shape	of	the	c	o	m	W	resistance	curve	depends	on	the	magnitude,,	the	weights	load	relative	to	the	top	and	bottom	resistance	provided	by	the	elastic	bands.	Eccentric	Phase	Transition	Concentric	Phase	'	250	200	%	OF	WEIGHT	150	100	\	50
-1	I	I	I	0	1	2	I	3	I	I	I	4	5	6	1	7	TIME	(secs)	Figure	7.13	Res~sreaoox	squatting	under	combined	fiee	weights	and	elastically	resisted	conditions.	Although	this	research	was	carried	out	on	box	squatting,	similar	combinations	of	fi-eeweights	and	elastic	bands	may	be	used	very	effectively	over	a	variety	of	different	ranges	of	movement	with	other	major
exercises	such	as	the	deadlift,	the	clean,	the	bench	press,	good	mornings	and	one	arm	deadlifts.	These	bands	may	also	be	attached	412	S	UPERTRAINING	the	fixed	and	moving	parts	of	pulley	and	various	other	training	machines,	thereby	offering	combined	fiee	and	band	resistance	for	a	wide	variety	of	bodybuilding	and	general	strength	exercises.	are
raised	and	the	more	the	resistance	increases.	The	additional	resistance	offered	by	the	chains	may	be	by	using	different	gauges	of	chain	or	different	combinations	of	heavy	and	lighter	gauge	chains.	ccelerated	Powermetrics	These	methods	of	increasing	force	during	the	amortisation	or	eccentric	phase	of	an	ex&	are	actually	:involuntary	or	passive,	since
muscle	action	is	not	being	intentionally	used	to	impose	greater	force	on	the	body.	There	is,	however,	also	an	active	or	voluntary	form	of	imposing	greater	force	on	the	body,	which	may	be	called	actively	acceleratedpowermetrics.	Let	me	now	elaborate	on	how	one	can	use	actively	acceleratedpowermetricsto	do	the	bench	press,	squat,	dip	for	the	jerk,
'Romanian	deadlift'	(or	mid	range	clean	pull	from	the	hang)	and	various	other	exercises	in	a	way	which	can	be	even	more	forceful	than	the	load	dropping	and	catching	methods	discussed	in	Ch	4.2.3.	This	type	of	training	may	be	done	in	two	voluntary	forms,	namely	accelerated	eccentric	and	accelerated	ballistic	training,	neither	of	which	requires
anyone	or	any	special	machine	to	drop	the	load	onto	your	hands	or	feet	such	as	the	"plyometric	bench"	described	in	Figure	4.6.	As	noted	above,	together	with	the	passive	acceleration	imposed	during	the	eccentric	phase	of	an	exercise	by	elastic	bands,	these	methods	can	extend	the	repertoire	of	"powermetric"	training	drills.	In	summary,	then,	here	are
the	four	main	ways	of	using	acceleratedpowermettics:	1.	Passively	accelerated	eccentrics:	Here	bands	are	used,	but,	instead	of	resisting	the	action	of	the	stretched	bands	to	decelerate	the	bar	or	keep	it	moving	down	at	approximately	constant	speed	during	the	eccentric	phase,	allow	the	elastic	tension	to	accelerate	the	bar	during	this	phase.	Then,
after	a	suitable	range	of	movement,	halt	the	movement	as	rapidly	as	you	can.	2.	Passively	accelerated	eccentrics:	Here	you	rely	on	a	partner	to	accelerate	the	bar	during	the	eccentric	phase	by	pushing	downwards	on	it,	like	an	inverse	form	of	"forced	reps".	Instead	of	resisting	the	action	throughout	the	amortisation	phase,	allow	the	bar	to	accelerate
and	then,	after	a	suitable	range	of	movement,	halt	the	movement	as	rapidly	as	you	can.	3.	Actively	accelerated	eccentrics:	Here	you	rely	solely	on	your	muscles.	Instead	of	resisting	the	action	of	gravity	to	decelerate	the	bar	or	keep	it	moving	down	at	approximately	constant	speed	or	allowing	it	to	drop	almost	fieely	under	gravitational	acceleration
during	the	eccentric	phase,	you	deliberately	pull	the	bar	downwards	as	fast	as	you	can	and	stop	the	downward	motion	before	you	reach	the	end	of	the	movement.	For	safety	reasons,	do	not	allow	the	accelerated	load	to	force	you	into	your	extreme	end	position	of	joint	action.	Unlike	the	form	of	accelerated	eccentrics	offered	by	elastic	bands,	the	force
added	to	gravitational	force	ceases	if	one	stops	voluntarily	accelerating	the	bar.	4.	Actively	accelerated	ballistics	(or	rebounds):	Here	you	again	rely	solely	on	your	muscles.	Instead	of	lowering	the	bar	slowly	or	allowing	it	to	drop	under	gravitational	acceleration,	deliberately	pull	the	bar	downwards	as	fast	as	you	can,	stop	the	downward	motion	at	a
suitable	point	before	the	end	of	the	movement	and	as	rapidly	as	you	can,	try	to	accelerate	the	bar	upwards	into	a	powerful	concentric	movement.	Whatever	you	do,	do	not	overestimate	your	capabilities,	because	all	of	these	forms	of	acceleratedpowermetrics	can	be	very	demanding	on	the	body.	In	general,	you	should	start	learning	this	movement	with
relatively	light	loads	in	the	bench	press	or	squat	(say,	about	40-50kg,	depending	on	your	strength	and	training	experience)	and	use	very	few	repetitions.	Obviously	the	load	used	in	exercises	which	involve	smaller	and	weaker	muscle	groups	w	.	S	UPERTRAINIPJG	should	be	considerably	lower	than	&at.	Remember	that	this	is	really	a	type	of
'supramaximal'	force	training	and	it	can	impose	extremely	large	stresses	on	p	w	so&	tissues.	The	important	thing	to	remember	is	that	this	f	m	of	training,	according	to	Newton's	Second	Law,	focuses	on	force	being	increased	by	meam	of	a	c	c	~	l	d	e	d	a	not	added	mass.	As	you	progress,	recall	that	maximal	power	'	production,	depending	on	the	specific
exercise,	occurs	with	loads	of	between	50-70	percent	of	one's	IRM,	so	it	is	,	unnecessary	ever	to	exceed	this	range	of	W	g	in	these	accekxated	training	methods	(unless	one	uses	them	over	very	small	range	of	motion).	T!	7.4	Muscle	Training	.?:	It	is	sometimes	necesary	to	know	which	p	u	p	s	of	muscles	are	carrying	out	a	moving	or	stabilising	role	when
an	exercise	programme	is	being	devised.	This	analysis	requires	a	good	working	knowledge	of	functional	anatomy,	especially	as	many	terms	used	to	describe	popular	movements	in	bodybuilding	often	disguise	the	irntsicacy	and	subtleties	of	the	joint	actions.	For	instance,	'bicep	curls'	do	not	involve	the	brachial	biceps	only,	but	also	tha-.	.	brachiaais	and
brachidis	to	differing	degrees,	depending	on	hand	position	and	speed	of	movement.	It	should	be	remembered	that	the	concept	of	muscle	isolation	training	which	is	rife	in	bodybuilding	is	very	misleading,	as	discussed	in	detail	earlier	(4.2.9).	Muscle	isolation	incorrectly	implies	that	only	one	specific	muscle	1	group	is	activated	by	a	glvl	exercise.
Isolation	may	accur	to	a	significant	extent	when	the	resistance	to	movement	is	small,	but	with	increasing	faad,	the	relevant	stabilisersof	the	body	and	joints,	as	well	as	assistant	.:	movers,	come	more	strongly	into	play.	This	why	it	is	vital	to	remember	that	all	human	movement	involves	the	intricate	orchestration	of	concurrent	;:	and	sequential
contractions	of	movers	and	stabilisers.	Each	muscular	symphony	is	different	for	a	specific	sporting	action	and	a	knowledge	of	functional	anatomy	allows	us	to	identify	the	musele	groups	in	each	movement	and	how	they	are	involved	in	c	o	n	c	d	c	,	eccentric	and	isometric	types	of	wW%ction.	This	section	s	m	d	v	some	of	the	essential	functional	anatomy
that	was	presented	earlier	in	the	form	of	Movement	Matrices	(see	3.7)	ta	7	enable	us	to	analyse	joint	aetions	in'	sport	and	to	prescribe	supplementary	strengthening	exercises	on	au	kinesiologidy	logical	basis.	&fore	any	analysis	of	complex	multi-articular	movement	is	attempted,	the	last	section	at	the	end	of	Chaptsr	3	(entitled	Limitations
ofAnatomica1	Movement	Analysis)	should	be	borne	in	mind.	Here	it	was	stressed	that	t6e	'	classical	methods	of	functional	anatomy	define	a	given	muscle,	for	instance,	as	a	flexor	or	extensor,	on	the	basis	of	the	torque	that	it	produces	around	a	single	joiqt,	but	the	nature	of	the	body	as	a	linked	system	of	many	joints	means	that	muscles	which	do	not
span	other	joints	can	still	produce	acceleration	about	those	joints.	Recently,	largely	as	a	consequence	of	individuals	attempting	to	extrapolate	to	the	general	fitness	world	some	of	the	muscle	isolating	methods	used	by	physical	therapists	for	injury	rehabilitation,	it	has	become	fairly	fashionable	to	encounter	special	programmes	to	train	'core
stabilisation'	with	balancing	tools	such	as	wobbleboards	and	physio	balls,	augmented	by	activation	of	the	transversus	abdominis	(TA)	to	strengthen	the	trunk.	All	too	often,	it	seems	to	be	forgotten	that	stability	of	the	core	or	trunk	cannot	be	exhibited	without	the	periphery	of	the	body	being	h	l	y	secured	on	a	solid	surface,	unless,	of	course,	the	athlete
has	to	use	the	core	independently	of	the	floor	or	any	other	apparatus,	as	in	diving,	trampolining	and	jumping.	Well	meaning	instructions	to	activate	TA	during	dynamic	actions	such	as	lifting	and	wrestling	are	highly	inappropriate,	because	conscious	intervention	in	any	such	movements	can	lead	to	"paralysis	by	analysis",	Anyway,	if	the	athlete	is	taught
the	optimal	way	to	carry	out	any	movement,	the	body	naturally	activates	muscles	in	the	most	appropriate	way	for	that	given	activity.	M	r	all,	the	body	"knows	only	of	movement,	not	muscles*.	Finally,	no	research	has	yet	shown	that	isolationist	training	or	ballhoard	balancing	skills	transpose	to	'functional'	sporting	action,	so	that	time	spent	on	such
pursuits	usually	can	be	better	spent	on	more	sport	specific	drills,	unless	the	aim	is	to	resolve	some	injury.	'	,	-	7.4.1	A	Summary	of	Movements	of	the	Joints	As	before,	this	section	also	approaches	kinesiology	&om	the	point	of	view	of	joint	actions	rather	than	by	analysis	of	which	specific	muscle	groups	produce	a	given	movement.	To	use	this
information,	simply	identify	the	joint	action	and	then	identify	which	muscles	produce	that	action.	For	a	graphical	method	of	obtaining	the	same	infmation,	consult	the	Movement	Matrices	in	Section	3.7.	.	SUPERTRAINING	Movements	of	the	Spine	Extension:	Bilateral	action	of	the	erector	spinae	and	semispinalis.	(Neck	extension	by	bilateral	action	of
splenius	capitis,	semispinaliscapitis).	Flexion:	Bilateral	action	of	rectus	abdominis	and	psoas.	(Neck	flexion	by	bilateral	action	of	sternocleidomastoid	Lateralflexon:	Unilateral	action	of	the	iliocostalisand	longissirnus	components	of	erector	spinae,	the	internal	and	external	abdominal	obliques,	quadratus	lumborum	and	psoas.	(Neck	tilting	by	'unilateral
action	of	sternocleidomastoid,	scaleni,	splenius	capitis).	Rotation:	The	external	abdominal	obliques	of	one	side	acting	in	conjunction	with	the	opposite	internal	oblique.	meek	rotation	by	muscle	action	including	unilateral	action	of	semispinalis	and	spleniuscervicis).	Movements	of	the	Knee	Joint	Extension:	Rectus	femoris,	vastus	medialis,	vastus
lateralis,	vastus	intermedius.	Flacion:	Mainly	the	hamstrings,	assisted	by	sartorius,	gracilis	and	gastrocnemius.	Popliteus	initiates	flexion	by	unlocking	the	extended	knee.	Medial	rotation	(of	tibia	relative	to	femur):	Sernimembranosus,	semitendinosus,	sartorius,	gracilis,	popliteus.	Lateral	rotation	(of	tibia	relative	to	femur):	Biceps	fernoris.	Movements
of	the	Hip	Joint	&ension:	Femoral	biceps,	semimembranosus,	semitendinosus,	hamstring	portion	of	adductor	magnus,	gluteus	&us	(when	the	action	requires	greater	force).	larly	if	the	knee	is	extended),	tensor	fasciae	latae,	sartorius,	adductor	of	adductor	magnus,	pectineus,	the	anterior	fibres	of	gluteus	medius	possibly	weakly	assisted	by	tensor
fasciae	latae,	pirifonnis	and	vis,	assisted	by	gracilis	and	pectineus,	with	possible	weak	assistance	adratus	femoris	and	obturator	externus.	rotation:	Tensor	fasciae	latae,	anterior	fibres	of	gluteus	medius	and	minirnus.	1	rotation:	Gluteus	maximus,	sartorius,	iliopsoas,	pectineus,	the	posterior	fibres	of	gluteus	medius	and	us,	the	lateral	rotators
(piriformis,	quadratus	femoris,	obturator	internus	and	externus,	gemellus	superior	ovements	of	the	Shoulder	Joint	us	dorsi,	teres	major	and	minor,	posterior	deltoid,	infraspinatus	and	the	long	head	of	triceps.	st	-	pectoralis	major,	anterior	deltoid,	coracobrachialis,	biceps.	Upwards	in	sagittal	plane	raspinatus	(for	scapular	rotation).	tion:	Pectoralis
major,	teres	major,	latissimus	dorsi,	coracobrachialis,	subscapularis,	and	the	long	head	of	inor,	inhpinatus,	posterior	deltoid.	tion:	Pectoralis	major;	anterior	deltoid,	teres	major,	subscapularis,	latissimus	dorsi.	etraction:	Trapezius,	levator	scapulae,	rhomboid	major	and	minor.	s	anterior,	pectoralis	minor.	Girdle	Elevation:	Levator	scapulae,	trapezius
(upper	fibres),	rhomboid	major	and	minor,	serratus	Zder	Girdle	Depression:	Trapezius	(lower	fibres)	-	and	gravity.	mion:	Triceps,	anconeus.	SUPERTRAINING	Flexion:	Brachidis,	brachioradidis	@rtkularly	if	the	movement	is	rapid).	Also	biceps	(if	forearm	is	sup	and	pronator	teres	(if	forearm	is	pro~ted).	Note:	Appolrent	rotation	of	the	elbow	joint'is
actnally	rotation	at	the	wrist	-	the	radius	and	ulna	twist	about	one	another,	so	there	is	m	rotation	of	the	elbowjoint	as	a	whole.	Movements	of	the	Ankle	Joint	P	l	a	e	n	:	Gastrocnemius,	soleus,	tibialis	posterior	and	flexor	digitorum	longus,	weakly	assisted	by	pi	peroneus	longus	and	peroneus	brevis.	D	o	r	s	i	~	o	n	:Tibialis	anterior,	peroneus	tertius,
extensor	hallucis	longus,	and	extensor	digitorum	longus.	Inversion:	Flexor	digitonun	longus,	flexor	hallucis	longus	and	tiiialis	anterior,	assisted	by	extensor	hall&,	longus.	Eversion:	Extensor	digitorwn	longus,	peroneus	tertius,	peroneus	longus,	peroneus	brmis.	7.4.2	Examination	of	Some	Joint	Actions	The	application	of	the	Movement	Matrices	or	the
above	summary	enables	us	to	appreciate	how	ill	u	n	d	e	r	s	t	d	~	some	popular	exercises	are.	For	instance,	so-called	'calf	raises'	or	'heel	mises'	are	commonly	reg&	as	exercises	:	to	develop	gastrocnemius	and	soleus.	However,	it	should	be	noted	that	plantarflexion	also	involves	action	o	f	,	plantaris,	flexor	digitorum	longus,	flexor	hallucis	longus	and
tibidis	posterior.	Moreover,	inward	rotation	or	inversion	of	the	foot	more	strongly	recruits	the	last	three	muscles	named,	so	that	heel	raises	with	inversion	t	a	d	*?	activate	all	of	the	plantarflexors	more	strongly.	Popular	emphasis	on	heel	raising	in	invariably	causes	one	to	,	neglect	the	antagonistic	action	d	t	h	e	dorsiflexors	such	as	tibialis	anterior.	The
summary	above	reveals	that	it	ic	important	to	dorsiflex	with	both	inversion	and	eversion	of	the	ankle	if	all	dorsiflexors	are	to	be	exen5d''	gdequately.	It	is	important	to	distinguish	between	unilateral	and	bilateral	actions	of	certain	muscle	groups,	such	as	6''	erectorspinae.	Acting	unilaterally,	they	serve	to	laterally	extend	the	trunk,	whereas	acting
bilaterally	d"	symmetrically,they	extend	the	trunk	backwards	without	any	lateral	movement	occurring.	It	should	also	be	notedF.	that	lateral	action	of	the	long	muscles	of	the	back	does	not	produce	spinal	rotation	and	that	the	only	muscle	of	th&.	back	*ch	is	involvedin	spinal	rotation	is	multiJidus.	The	major	initiators	of	trunk	rotation	are	the	internal	a	d
external	obliques	and	the	strengthening	of	these	muscles,	therefore,	is	vital	for	all	sporting	activities	that	require	:	rotation	of	the	trunk.	It	should	also	be	noted	that	recm	&minis,	although	it	might	be	considered	an	antago~istof	the	erector	:	spinae,	does	not	produce	any	lateral	action	of	the	trunk.	Both	groups	of	obliques	acting	bilatedy	produce	tmkl
flexion	so	as	to	augment	action	by	rectus	abdominis,	so	it	is	incorrect	to	state	that	trunk	flexion	is	solely	a	ksn1.t	of	contraction	of	rectus	abdominis.	It	is	also	interesting	to	note	that	if	situps	are	done	with	a	lateral	flexing	of	the	'	trunk,the	rectus	abdominis	are	not	significantly	involved,	but	the	obliques	andpsoas	are	strongly	contracted.	'	"'	7.5	U	s	e	of
Strength	Training	Compendium	The	classification	and	interrelation	of	the	host	of	strength	trahbg	means	and	mefhods	is	still	at	a	stage	similar	to	that	of	atomic	physics	earlier	this	century	when	no	truly	coherent	scheme	had	been	worked	out	@	compartmentalise	the	rapidly	growing	list	of	sub-atomic	p	d	l	e	s	.	Relationships	hetween	different	massesj
charges,	quantum	numbers	and	spins	of	particles	were	intuitively	suspected,	but	not	theoretically	formalised	or.	experimentally	confirmed.	Similarly,	bodybuilding	magazines	and	competitorsin	all	aspects	of	the	I	m	Game	identified	a	vast	array	of	different	training	methods	and	techniques,	while	physiotherapists	and	other	medical	personnel	separately
developed	their	own	scheme	of	physical	conditioning,	yet	no	overall	grand	scheme	emerged	to	integrate	the	two	approaches	and	their	individual	multitudes	of	training	methods.	Therefore,	the	author	was	invited	to	address	the	1989	conference	of	the	NSCA	(National	Strength	and	Conditioning	Assodiation)	in	the	USA	to	show	how	therapeutic	PNF
could	serve	as	a	complete	conditioning	system	for	the	uninjured	athlete	and	how	it	relates	to	existing	strength	training	methods	(Siff,	1989).	Until	that	time,	PNF	was	generally	regarded	as	a	special	type	of	stretchiag	system	by	sports	coaches	who	used	it.	However,	it	was	not	appreciated	that	PNF	can	act	as	a	training	system	for	all	aspects	of
musculoskeletal	conditioning	in	the	competitive	athlete,	nor	did	many	physiotherapists	know	that	some	of	the	bodybuilding	and	weightlifting	methods	could	be	valuable	in	the	rehabiitation	setting.	SUPERTRAINING	An	overview	of	this	presentation	and	workshop	acted	as	the	basis	for	Chapter	7.2	above,	which	should	mable	the	coach	to	select	consult
the	list	of	principles	and	apply	those	procedures	that	best	meet	the	needs	of	the	athlete	in	a	given	situati~n.For	instance,	instead	of	prescribing	the	use	of	the	pec-deck	for	conditioning	the	pectoral	and	deltoid	muscles	of	a	baseball	pitcher	or	javelin	thrower,	he	would	recomrnepd	the	use	of	a	pulley	machine	in	a	specific	spiral-diagonal	pattern	(see
7.2.3.1)	of	cable-crossoversthat	c~ossthe	srtgittal:midline	of	the	body.	The	movement	would	be	performed	over	a	comfortable	fun	range,	involve	multiple	joints	besides	jest	the	shoulder	and	position	the	joints	to	optimise	strengthening	(i.e.	principles	of	7.2.3.1).	The	effectiveness	of	many	other	training	activities	in	sport	may	similarly	be	enhanced	by
involving	other	PNF	methods,	such	as	prestretch,	exercising	of	agonists	and	antagonists,	use	of	static	and	dynamic	conditions,	dmting	to	compel	stronger	muscles	to	help	the	weaker	ones,	optimal	timing,	use	of	full-range	specific	pa$tems	of	diagonal-spiral	motions	(details	in	Knott	&	Voss,	1977),	application	of	maximal	resistance	throughout	the
nonballistic	movement	range,	and	commencement	of	motion	in	the	strongest	range.	Such	PNF	principles	integrate	very	naturally	into	the	extensive	scheme	of	bodybuilding	and	weiatlifting	methods	and	thereby	furnish	an	e	x	t	r	d	l	y	comprehensive	array	of	supplementary	training	variations'which	can	be	invaluable	in	aU	.cross	training	programmes.
The	neuromuscular	emphasis	of	this	integrated	package	of	methods	can	be	most	helpful	in	enhancing	the	functional	co-development	of	strength,	flexibility,	muscle	endurance	and	speed	in	any	particular	movement.	For	instance,	stretchingexercises	are	often	performed	in	a	static	manner	separately	from	the	main	exercises,	when	their	effdveness	would
increase	&kedly	if	tki:	latter	were	also	to	be	used	statically	and	dysamically	over	a	full	range	with	progressively	increasing	resistance	incorporating	relevant	PNF	procedures.	Thus,	the	wmplementary	nature	of	methods	from	the	Iron	Game	and	the	field	of	rehabilitation	may	be	seen	to	offer	an	impressive	compendium	of	highly	effective	structural	and
functional	training	techniques.	A	thorough	knowledge	of	these	-	techtxiques	is	invaluable	to	the	creative	and	dedicated	coach.	Training	for	Hypertrophy?	There	are	numerous	theories	and	beliefs	about	what	the	best	formula	is	to	follow	for	producing	greatest	muscle	hypertrophy.	One	such	concept	is	that	every	exercise	must	maintain	a	prolonged
muscle	tension	time	for	at	least	40	seconds	or	so	if	one	wishes	to	produce	maximal	hypertrophy.	Some	have	commented	that	"All	the	big	bodybuilders	who	I	trained	with	did	their	reps	pretty	fast,	which	makes	me	seriously	question	the	Time	Under	Tension	theory,	though	I	am	sure	there	are	exceptions,	as	there	always	are	to	each	rule.	However,	it's
not	the	biggest	guys	I	see	who	are	counting	the	seconds	on	the	way	up	or	down.	Others	have	added	that	"People	with	extreme	genetics	who	are	using	huge	amounts	of	drugs	will	probably	get	big	no	matter	what	kind	of	weight	training	and	rep	speed	they're	doing.	What's	more	important	is	finding	out	how	much	rep	speed	matters	for	a	natural
bodybuilder	with	average	genetics."	Now,	what	we	are	all	trying	to	identify	here	are	the	most	important	factors	in	stimulating	muscle	hypertrophy,	or	we	should	rather	say,	musculo-collagenous	hypertrophy,	since	training	aff&	the	entire	muscle	complex,	not	just	the	muscles.	Physical	loading	also	stimulates	bone	hypertrophy,	especially	at	the	sites	of
maximal	stress	concentration,	but	that	is	of	little	consequence	to	the	bodybuilder	because	bone	size	and	definition	are	not	seen	by	spectators,	though	this	phenomenon	may	assist	us	later	in	answering	some	other	questions	about	muscle	growth.	Any	Hypertrophy	Formula	has	to	be	based	on	many	well-known	observations	on	muscle	physiology	and
mechanics.	Some	of	these	observations	are:	1.	The	fundamental	stimulus	in	all	strength	and	tissue	hypertrophy	quite	simply	is	physical	loading.	2.	The	physical	loading	must	not	exceed	the	mechanical	strength	of	the	tissues	involved.	3.	Increase	in	strength	and	hypertrophy	is	not	instantaneous,	but	occurs	predominantly	during	a	certain	recovery
period	after	loading	4.	All	tissues	do	not	hypertrophy	or	strengthen	at	the	same	rate	or	to	the	same	degree	5.	Strength	and	hypertrophy	increase	is	minimal	unless	a	certain	minimal	threshold	load	is	imposed	6.	The	minimal	threshold	is	not	fixed,	but	increases	with	level	of	adaptation,	which	ensures	that	rate	of	progress	slows	down	or	ceases	.
SUPERTRAINING	7.	The	concept	of	tension	t	h	e	.	~	"	s	e	r	~	~	-	s	i	n	cloading	e	even	for	very	prolonged	periods	map	effects	of	strength	and	@ptmphy	i6thetemhn	does	not	exceed	this	minimum	threshold	8.	The	effects	of	tension	on	Gskyedebd	not	oh$	on	the	magnitude	or	duration	of	the	tension,	but	which	the	tension	is	produced'or	main@ned.	For
example,	one	can	use	high	or	low	Rates	Development,	and	one	,can	iicrecpqetension	by	use	of	a	large,	slowly	accelerated	load	or	a	smal	accelerated	load	(in	accordance	with	Newton	II:	Force	=	Mass	x-Acceleration)	9.	Long	periods	of	muscle	'time	under	,tension1as	imposed	by	cyclical	activities	such	as	endurance	running,,,	and	swimming	are	not
known	generally	to	produce	significgt	increases	in	strength	or	hypertrophy.	10.	Continued	increase	in	strength	and	hypertrophy	is	a	consequence	of	progressive	incremental	increase	in'	(principle	of	progressive	overload)	11.	Changes	in	strength	and	hypertrophy	are	not	linear	or	continuous.	For	example,	a	10%	i	not	necessarily	produce	a	1	W
increase	in	stsength.	Some	changes	may	be	delayed	or	marked	at	12.	Muscles	rarely	are	able	to	produce	100%	of	their	maximum	potential,	due	to	a	variety	of	reasons	protective	hhibition	by	certain	reflexes.	13.	Increasein	strength	and	hypertrophy	may	or	may	not	be	associated	with	some	form	of	fatigue	14.	It	is	difficult	to	distinguish	between	the
limitations	imposed	by	short-term	fatigue	and	those	impose$-by	inhibition	of	maximal	force	production	15.	Fatigue	is	not'a	single	discrete	factor,	but	a	multi-faceted	process	involving	phenomena	such	as	c	peripheral	fatigue,	slow	and	fast	fatigue,	and	shoit-term	and	long-term	fatigue.	16.	Muscle	tension	is	not	constant	during	any	movement,	but	varies
between	zero	and	a	certain	maximum.	angles	change	17.	Muscle	tension	is	not	produced	under	the	same	conditions	throughout	any	movement,	but	changes	be	concentric,	eccentric	and	isometricmodes	of	action	18.	Muscles	comprise	smaller	groups	of	fibres	which	exhibit	different	rates	of	fatigue,	htigueresistance	and	to	generateforce	fe.g.	so-called
slow	and	fastMitch	fibres)	19.	All	muscle	tension	and	patterns	of	muscle	recruitment	are	a	consequence	of	nervous	activity,	strength	and	hypertrophy	ultimately	are	the	result	of	specific	patterns	of	nervous	excitation.	20.	Increase	in	strength	is	not	necessarily	associated	with	increase	in	hypertrophy	or	vice	versa	2	1.	Strength	and	hypertrophy
diminish	if	physical	loading	is	not	imposed	regularly	at	certain	intervals	22.	Strength	and	hypertrophy	increase	may	be	stimulated	by	active	muscle	contraction,	passive	stret	vibrational	oscillation	or	external	electrical	stimulatiop.	There	are	many-other	observations	which	are	=levant	to	our	quest	to	find	the	ideal,	individualised	physi	strength	building
--but	these	should	suffice	to	show	that	a	Time	Under	Tension'	formula	or	any	other	prescriptive	rule	is	oversimplistic	in	satisfying	many	of	the	above	observations.	When	someone	statadthat	"People	with	extremegenetics	who	are	using	huge	amounts	of	drugs	will	probably	get	big	no	mmer	what	kind	of	weight	training	and	Tep	speed	they're	doing",	Ke
is	probably	far	closer	to	the	triith	than	anyone	who	religiously	propounds	simplistic	Tension	Time	theories.	One	hps	tq	remember	that	h	marketability	of	a	certain	fitness	figure	or	group,	according	to	well~establishedmarketing	principles,	depends	on	slogans	and	simply	stated	fmulae.	The	public	usually	feels	far	more	comfortable	with	cerebrally
undemanding	mantras	and	'fast	food'	soluti~ns	than	with	far	more	accurate,	mop	complex	methods.	That	is	a	mjor	reason	why	many-fitness	Ggures	write	as	they	do	and	market	their	catch	phrases	simplistically	as	they	do	-	society	has	been	processed	by	the	mass	media	to.	behave	like	that	and	they	usually	do	not	wanf	to	be	forced	to	think	too	deeply
or	to	have	their	convenient	m	e	n	t	beliefs	questioned,-because&at	entails	a	serious^	to	their	psychological	safety.	%Humankind	has	always	been	like	that	and	they	receive	what	they	have	been	processed	or	educated	to	want.	SUPERTRAINING	DESIGNING	SPORT	SPECIFIC	STRENGTH	PROGRAMMES	and	time.	Ideally,	the	role	of	a	coach	is	to
enhance	game	skills,	with	the	fitness	conditioning	handled	by	onditioning	coaches,	as	is	rapidly	becoming	the	case	with	the	more	popular	sports	in	the	USA.	In	identifying	the	distinction	between	training	and	practice,	one	must	remember	that	training	f	i	r	a	specific	rt	specific	strength	training	need	to	become	better	known,	particularly	in	the	West.	se
the	question	whether	or	not	the	time	spent	on	a	particular	supplementary	activity	could	not	be	better	spent	sport	specific	practice.	8.1	Preliminary	Considerations	Among	the	most	important	factors	for	introducing	scientific	sport	specific	training	are	:	1.	Sports	training	must	be	a	year-round	and	multi-year	process.	An	off-season	lay-off	followed	by	less
than	one	month	of	moderate	pre-season	training	can	be	a	major	cause	of	low	levels	of	overall	fitness	among	athletes	and	an	increased	incidence	of	injuries.	The	early	off-season	is	one	period	where	popular	cross	training	can	be	used	successfully.	Generally,	the	integration	of	supplementary	or	cross	training	becomes	increasingly	difficult	as	the	season
progresses	and	player	fitness	or	proficiency	improves.	there	has	to	be	an	efficient	coaching	team	comprising	all	the	relevant	experts.	'	-	3.	Scientifzfitness	training	has	to	be	integrated	into	every	athlete's	programme.	In	particular,	it	is	not	possible	to	enhance	adequately	strength,	hypertrophy,	speed	and	flexibility	without	use	of	supplementary
resistance	training.	This	type	of	training	is	most	efficiently	achieved	in	an	appropriately	equipped	gymnasium	using	logically	selected	exercises	sequenced	carefully	in	terms	of	intensity,	volume,	muscle	group,	patterns	of	movement	and	restoration	intervals.	Because	few	gymnasium	staff	have	formal	training	in	designing	scientific	supplementary
conditioning	routines,	athletes	should	be	provided	with	scientific	programmes	prepared	by	teams	of	experts	and	supervised	by	accredited	sports	conditioning	coaches.	Ideally,	every	major	sports	complex	should	have	its	own	conditioning	gymnasium	to	centralise	all	aspects	of	in-season	and	off-season	preparation	for	players.	I	SUPERTRAINING	4.
Periodic	scientr9c	testingef	the	v-akimsleomponents	of	athlete	fitness	is	necessary.	lde	should	b	e	e	witha	p	r	-	p	k	e	of	a	pPer?k	fallowed	s	by	a	fitness	screening	session	and	other	speed,	reacticm	tin&,	Aselk	;e@baweISekibiw	p~ycblegieaFpreparedness	cy	5.	Sports	prepamti&	-ions	must	be	devoted	largely	to	enhancing	tactical	and
itnprovinggenerdphysicaIPnpeifs.If	fitness	training	is	to	be	included	in	preparation	sessi	be	done	to	improve	the	specificfihress	qylities	required	in	the	actual	sports	event.	This	may	of	practice	games	or	coqtests,	so	that	players	can	obtain	realistic	practice	conditions.	an	tc	mus	fom	titivc	6.	Tmhrwhgid	analysis	of	movemat	sund	qmrting	sBjlls	must	be
performed	regularly	pedormance	may	lie	in	imperfect	skills	rather	than	deficiencies	in	phyor	mental	m	t	i	o	n	video	replay	of	player	skills,	accanpaniql	by	st~p-by-stepanalysis	of	rec	valuable	technical	teachbg.	At	a	more	detailed	level,	analysis	by	high	speed	vid	e1eetmrnyographcan	yield	invaluable)information.	Ideally,	athletes	should	acquire	the
necessary	general	fitness	in	their	own	time	or	prefmbly	under	the	s	p	e	d	i	s	t	h	g	t	h	m	h	and	not	waste	a	technical	coach's	time	in	conditioning.	In	devising	any	training	programme,	it	is	important	to	of	hijury	depend	on	acquisition	of	high	levels	of	neuromuscular	s	encountered	in	the	specific	sport.	Review	of	SoArne	Important	Principles	The	physical
preparation	of	the	produetion	of	motor	output	in	sport	and	the	production	of	a	mus	output	is.	a	complex	pattern	and	perfection	of	this	pattern	in	b	nekaus	system	acts	as	the	conductor	which	controls	the	di	as	,thehuman	conductor	wntrols	the	players	in	an	orchestra	to	produce	the	required	m	u	s	i	d	pattern.	are	many	different	instruments	played	by
different	musicians	in	an	orchestra,	so	there	are	many	muse1	and	other	physical	units	which	are	controlled	by	different	neural	programmes	in	the	human	body.	If	intensities,	duration	and	any	other	contributing	factors	are	incorrect	during	any	phase	of	the	process	the	final	result	will	be	less	than	optimal.	every	subsystem	in	practising	their	use	until
each	individual	system	can	be	u	many	other	systems.	In	the	case	of	any	oichestra,	this	requires	the	conductor	to	understand.dl	the	ins	howtheir	specific	confniutions	can	best	be	summated	to	pg-oduce	the	desired	sound'patterns.	In	the	case	of	s	p	d	n	g	performance,	it	is	important	in	producing	skilled	movement.	This	entails	understanding	how	the
nervous	and	neuromuscular	systems	produce	cerfain	motor	qualities	that	are	necessary	for	snersessful	perfomace	in	any	given	sport	(Fig	then	enables	one	to	train	and	practise	in	the	roost	efficient	manner.	Essentially,	the	training	process	simply	involves	compelling	the	body	to	adapt	to	a	via	the	impogifion	of	appropriate	physical	and	mental	stresses.
The	existing	lw1s	of	hormonal,	n	musculoskeletal	integrity	have	to	be	raised	at	a	rate	which	is	optimal	for	the	individual	at	a	given	stage	career,	This	means	that	a	given	intensity,	volume	and	density	of	loading	has	to	be	used	to	alter	both	the	ac	perceived	thresholds	of	performance,	a	process	that	relies	on	feedforward	and	fedback	mechanisms,	as
voluntary	and	involuntary	methods	of	intervention	to	achieve	the	desired	results.	It	is	most	relevant	to	musculoskdetal	system	by	the	mural	system	to	influenced	by	the	psycho1	insurmountable	or	techni	load,	failure	is	highly	likely.	This	is	why	the	training	process	must	teach	the	athlete	to	and	actual	load	being	undertaken.	-	-	-	-420	m
SUPERTRAINING	Nervous	-	System	Hormonal	System	Motor	Feedforward	J	L	Musculoskeletat	System	I	/	\	Adaptation	u	"	I	Threshold	Feedforward	Feedback	Actual	Limits	Perceived	Limits	Voluntary	involuntary	7	FUNCTION	feedback	1	STRUCTURE	feedback	I	MOTORPBFORMANCE)	F	i	e	8.1	The	Sports	Training	Process	summarised	in	the	form	of
a	systems	model.	The	arrow	&om	Function	to	Structure	is	in	bold	to	emphasize	the	well-known	fact	Mat	functionprecedes	structure.	The	athlete	really	is	operating	in	terms	of	a	type	of	"virtual	reality"	in	which	perceptions	of	effort	and	feedforward	images	of	the	forthcoming	effort	strongly	determine	the	final	outcome	of	the	sporting	action.	This	is	why
the	training	process.	is	one	which	not	only	improves	the	structural	and	functional	capabilities	of	the	body,	but	also	shows	the	athlete	how	to	manipulate	"virtual	realities"	for	all	of	the	actions	involved	in	given	sport.	This	"virtual	reality"	training	imparts	to	the	athlete	great	skill	in	minimising	the	size	of	any	detrimental	differences	between	perceived
and	actual	loading	and	technical	skill.	After	all,	the	goal	of	all	sporting	performance	is	to	make	the	existing	task	fwl	easier	and	easier	so	that	the	existing	level	of	performance	may	be	raised.	'SO,	if	the	tr&ing	program	is	to	be	effective,	it	must	make	the	training	loads	and	skills	"feel"	progressively	easier	and	this	may	be	achieved	by	optimal
implementation	of	principles	such	as	that	of	fluctuating	gradual	overload	(not	simply	progressive	gradual	overload)	and	SAID	(Specific	Adaptation	to	Imposed	Demands).	Methods	of	Increasing	Muscle	Tension	The	fundamental	mechanical	aspect	of	all	resistance	training	is	the	imposition	of	optimal	progressive	increases	in	loading	so	that	muscle
tension	may	be	increased,	thereby	stimulating	the	neuromuscular	and	hormonal	systems	to	adapt	to	higher	levels	of	stress.	The	following	are	some	of	the	methods	of	increasing	muscle	tension	which	have	been	addressed	in	the	preceding	pages	and	which	may	be	used	in	devising	a	training	program:	1.	Voluntary	use	of	Compensatory	Action	to
facilitate	changes	in	movement	characteristics	Use	of	suddenly	terminated	eccentric	actions	Involuntary	use	of	reflexive	explosive	rebound	or	plyometric	actions	Voluntary	use	of	prestretch	to	facilitate	stronger	muscle	contraction	Use	of	free	weights	combined	with	elastic	bands,	chains	or	isokinetic	loads	-	Application	of	electrical	stimulation	(ES)	.
Concurrent	combination	of	ES	and	voluntary	movements	.	Application	of	vibration	to	limbs	.	Cognitive/Mentaltechniques	(such	as	visualisation	and	motivational	strategies)	2.	3.	4.	5.	.2	N	e	e	d	s	A	n	a	l	y	s	i	s	and	Sports	M	o	d	e	l	l	i	n	g	Conditioning	programmes	for	most	sports	should	involve	several	different,	but	related,	types	of	analysis:	Sport
Analysis	Event	Analysis	Match	or	Game	Analysis	Position	Analysis	Player	Analysis	Injury	Analysis	Movement	Analysis	(lunesiology	and	biomechanical	analysis)	Physiological	and	Anatomical	Analysis	(for	the	specific	sport).	42	1	SUPERTRAINING	Sport	Analysis	refers	to	the	identifying	the	most	important	fitness	qualities	required	for	sport	successfully.
It	examines	the	particular	fitness	profile	required	for	successful	p	It	will	use	the	pyramidal	model	of	fitness	(Ch	1)	to	identify	the	specific	combination	and	the	precise	type	of	strength-related	qualities	(e.g.	strength-speed,	strength-endurance	or	static	s	which	play	dominant	roles	in	that	sport.	Match,	position	and	player	analysis	follow	the	same
approach,	but	detailed	attention	is	paid	to	the	requirements	at	match,	player	Event	AnaZysis	refers	to	analysing	the	particular	event	in	which	the	athlete	specialises	within	a	given	sport,	the	shotput	as	a	specific	event	within	the	overall	sport	of	track-and-field.	Match	AnaZysis	(Game	Analysis)	in	a	team	sport	refers	to	the	specific	fitness	qualities
required	for	playing	particular	event	at	a	particular	veriue	under	specific	environmental	and	spectator	conditions.	Position	Analysis	refers	to	the	specific	qualities	required	for	a	player	to	operate	efficiently	and	safely	specific	role	or	position	in	a	team	sport.	Player	Analysis	refers	to	the	particular	balance	of	fitness	factors	which	characterise	a	build	and
other	personal	characteristics	determine	the	appropriate	type	of	fitnes	specific	role	or	position.	Testing	will	identify	any	strengths	and	weaknesses	to	enable	the	coach	to	d	suitable	.trainingprogramme	for	that	athlete.	Injury	Analysis	investigates	the	most	fkquently	occurring	injuries,	as	well	as	the	injuries	sustained	by	s	players	in	certain	positions	in
team	sports.	Movement	(Xinesiological)Analyss	examines	the	movement	patterns,	forces,	velocities,	and	joint	angIe	identifies	the	muscles	and	other	parts	of	the	body	used	to	execute	the	spkific	joint	and	whole	body	produced	by	athletes.	The	patterns	of	movement	rely	on	developing	the	appropriate	balance	between	of	certain	parts	of	the	body	and
mobilig	of	other	parts.	This	means	that	produce	high	levels	of	static	strength,	while	other	muscles	may	be	required	to	prod	strength-speedor	flexibility-speed.	It	is	used	to	determine	which	are	the	safest	and	most	efficient	ways	of	pro	particular	sport,	as	well	as	to	identify	how	to	condition	the	most	important	player.	It	also	identifies	strengths	and
weaknesses	in	given	skills	and	provides	valuable	instructional	to	coaches	and	players.	Physiological	and	Anatomical	Analysis	refers	to	determination	of	which	energy	system,	types	of	muscle	nutritional	regime,	oxygen	consumption	and	other	bodily	processes	are	characteristic	of	the	athlete.	covers	kinanthropometry,	the	study	of	the	relative
proportions	of	the	body's	components	in	contribu	sporting	performance.	Selection	of	Training	Needs	Once	the	above	analyses	have	been	carried	out,	it	is	possible	to	devise	more	scientific	sessions	for	the	given	sport	in	general	and	for	specific	players.	At	this	point	one	may	draw	up	for	each	athlete	a	Multriactorial	Fitness	ProJile	(MFP)	derived	from
the	pyramidal	model	(Table	8.1).	This	entails	marking	off	on	a:	scale	of	1	to	5	the	relative	levels	of	each	fitness	factor	required	for	world-class	performance	in	the	sport,	alongside	the	corresponding	level	displayed	by	the	athlete,	based	upon	scientific	tests	of	these	abilities.	Testing	should	include	measurement	of	any	strength	deficit	so	as	to	ascertain
whether	to	be	devoted	to	hypertrophy	or	neuromuscular	training	(see	Ch	1).	If	any	fitness	factor	of	the	lower	score	than	that	required	for	top	performance,	it	indicates	@at	special	training	enhancing	that	factor.	Conversely,	training	devoted	to	developing	a	specific	fitness	factor	score	exceeds	that	required	by	the	sport.	Before	a	training	programme	is
drawn	up,	it	is	important	to	recall	that	fitness	is	highly	specific	and	context	dependent.	Thus,	the	exercises	and	their	manner	of	execution	in	a	fitness	programme	must	be	prescribed	with	a	full	awareness	of	the	specificity	of	the	following	factors	(see	1.3	also):	422	1	MULTlFACTORlAL	FITNESS	PROFILE	(MFP)	Table	8.1	NAME	P	SPORT	7	I	1
BODYMA	DATE-	STATIC	STRENGTH[	DYNAMIC	STRENGTH-SPEED	[	SPEED-STRENGTH	STATIC	STRENGTHENDURANCE	MUSCLE	ENDURANCE	[	DYNAMIC	STATIC	[	DYNAMIC	SPEED-STRENGTH	ENDURANCE	FLEXIBILITY	STATIC	[	DYNAMIC	FLEXIBILITY-STRENGTH	FLEXIBILITY-SPEED	FLEXIBILITY-ENDURANCE	SKILL	SPEED	SPEED-
SKILL	STRENGTH-SKILL	SKILL-ENDURANCE	FLEXIBILITY-SKILL	STRUCTURE	CARDIOVASCULAR	ENDURANCE	EXPLOSIVE	STRENGTH	1	REACTIVITY	COEFFICIENT	See	2.2.1	RELATIVE	STRENGTH	1	ACCELERATION-STRENGTH	1-	THE	SPORT	THE	INDIVIDUAL	SUPERTRAINING	Type	of	Muscle	Contraction	Movement	Pattern	~	e	~	i	of	o
~oyernexk	n	.	Velocity	of	Movernent	Force	of	Contraction	-	M	w	l	e	fibre	Reruitment	Metabolism	Biochemical	Adaptation	Flexibility	.	of	movement,	and	the	relative	perids	to	be	devoted	to	cardiovascular,	muscle	endurance	duringeach	phase.	The	methods	of	needs	anaZys&	diwussed	above	enable	us	to	set	up	a	training	model	for	the	sport	specific
players,	a	scientific	approach	which	is	referred	to	as	Spo*	ModeUing	(see	6.12).	This	relies	needs	analysis	and	periodic	tedhg	to	design	short,	intermediate	and	long	term	modules	of	training	and	p	which	f	o	q	on	producing	t	h	appropriate	~	type	of	physical	and	-1	fitness	for	the	given	spart.	Anothei	way	of	depj&ag	the	fieess,	state	of	the	athlete	is	to
draw	up	a	Fibzess	PoEygon	with	all	of	relevant	qualities	spac@.eqnxidis#antlyYaround	the	circumference	of	a	circle,	with	the	radius	corresponding	to	maximum	value	which	eikhq@ity	can	have	(Fig	8.2).	Various	laboratoxy,,	&Id	or	competitive	Bests	STRENGTH	CARDIOVASCULAR	ENDURANCE	Figure	8.2	Fitness	Polygon	showing	the	relative	levels
of	each	fitness	quality.	The	solid-outline	polygon	represents	the	current	fitness	state	of	the	athlete,	while	the	dashed-outline	polygon	represents	the	desired	level	of	each	quality	for	prowess	in	a	given	sport.	The	outennost	circle	is	the	maximum	level	of	all	qualities.	The	qualities	shown	are	solely	for	illustrativepurposes	and	do	not	refer	to	any	specific
sport.	Structure	refers	to	size,	bodymass,	proportions	etc.	SUPERTRAINING	the	example	provided,	the-athlete&eds	to	improve	strength,	speed-strength,	speed,	skill,	struewe	(e.g.	by	lean	bodymass	and	decreasing	bodyfat)	and	fiexibility,	but	has	more	than	en~ughc	a	d	i	o	v	d	a	r	and	strength-emdurance,	so	that	he	needs	to	spend	less	on	training
these	qualities.	The	same	swt	be	constructed	by	placing	the	most	relevant	laboratory	or	field	test	items	around	the	e	of	the	diagram.	So,	instead	of	writing	the	various	motor	qualities	around	its	periphery,	we	simply	s	such	as	vertical	jump,	40m	sprint,	triple	jump,	3RM	bench	press	and	power	clean.	scheme	for	each	team	member	may	now	be	drawn	up
in	a	training	journal	whit&	ong-term	quantitative	goals	and	exkcises,	as	well	as	the	subjective,	psychological	and	observations	(as	detaaed	in	the	peridsation	material	covered	in	Ch	6.2)	.	This	journal	may	of	overall	fitness	state,	such	as	the	Multifactorial	Fitness	Profile	or	the	Fitness	eration	regimens,	and	a	list	of	soreness,	injuries	and	other	unplanned
purpose	of	this	j	o	d	is	to	enable	the,playerto	reach	or	maintain	peak	form	season	and	especially	for	specific	events.	At	a	more	detailed	level,	fitness	training	for	a	given	s	of	the	generalfifness	factors	required	by	any	participants	in	the	game	and	the	iJic$tness	factors	required	by	individuals	playing	specific	roles	in	qkcific	positions	or	at	specific	times.
General	Fitness	Issues	It	is	v	i	a	to,devise	a	programme	in	which	training	for	one	motor	quality	does	not	interact	negatively	with	training	for	othererfitii'msqualities.	For	instance,	any	unnecessary	or	prolonged	emphasis	on	cardiovascular	conditioning	may	decrease	strength,	hypertrophy	and	explosive	power.	In	the	individual	workout,	it	is	usually
inappropriate	to	paform	endurance	activities	before	strength	and	speed	training	(Fig	1.7).	While	recovery	from	bursts	of	activity	may	be	facilitated	in	part	by	the	cardiovascular	and	circulatory	mechanisms	of	the	long	term	energy	wstem,	most	activity	in	sports	played	on	a	field	relies	predominantly	on	the	short	and	intermediate	term	nonoxidative
energy	systems.	The	short	tern	(ATP-CP)	system	provides	energy	for	explosive	bursts	of	activity	lasting	for	no	longer	than	2	or	3	seconds,	while	die	iratemediae	energy	system	is	mainly	involved	with	f	u	r	n	i	w	activity	of	up	to	about	45	seconds	(see	1.13).	fuel	for	fairly	Having	identified	the	type	of	junning	or	energy	system	training	which	is	necessary
for	fitness	in	the	&levant	sport,	we	may	then	turn	our	attention	to	the	type	of	strength	and	speed	training	required.	In	doing	so,	it	is	help%l	to	examine	which	fitness	factors	need	to	be	trained	and	the	main	muscle	p	u	p	s	w&h	peed	strengthening	in	the	different	players.	The	introduction	to	more	explosive	training,	especially	plyometric	mkthods,	s	h	o
w	be	done	cautiously	and	progressively,	following	the	guidelines	offered	earlier	(52.4).	General	injury	analysis	idedfies	problem	areas	in	a	given	sport	and	enables	us	to	tailor	me	training	programme	to	the	needs	of	certain	players.	In	addition	to	accidental	injuries,	there	are	ovmtraining	injuries,	compfiising	two	classes	(see	8.6):	overload	injuries
(mused	by	too	large	a	load	at	any	instant)	and	overtlse	injuries	(caused	by	very	fiequent	application	of	a	given	load).	These	may	occur	in	practice	or	in	the	gymnasium.	Fer	example,	the	shins	or	back	may	be	overloaded	by	a	single	forcefbl	d	o	n	,	or	they	may	gradually	develop	overuse	injuries	over	a	prolonged	period	of	sub-maximal	effort,	as	in	disbnce
running.	In	this	case,	overload	injmies	initiated	by	hard	heel	si&e	may	be	diminished	by	the	use	of	suitable	footwear,	but	correction	of	technical	faults	and	impact	conditioning	should	take	place	first.	In	the	cross	training	setting,	I	d	s	,	training	periods,	volumes	and	rest	periods	must	be	carefully	planned	and	synchronised	with	sports	@ces	to	avoid	both
classes	of	overtraining	injury.	Training	programmes	must	sometimes	be	devised	to	rehabilitate	athletes	after	injury,	a	task	which	is	usually	left	to	the	physical	therapist,	who	often	has	little	education	in	retraining	an	athlete	for	high	level	competition.	Rehabilitation	must	follow	the	same	stages	of	p	e	r	i	d	i	d	training	as	normal	tmi&gy	using	means	that
are	detailed	throughout	this	text.	It	is	always	vital	to	remember	that	remrn	to	competi&vepreparednessis	never	complete	until	the	&Meteperceives	the	injuv	to	be&l13,	heakd,	regardless	of	what	any	physical	tes$s	might	indicate.	A	personal	tale	is	highly	relevant	.inthis	regard.	One	of	my	colleagues	is	a	well-known	physiotherapist	for	a	national	soccer
team	and	his	final	test	for	any	injured	players	is	to	have	them	stand	on	a	high	chair	or	table;	he	then	requests	them	to	jump	to	the	floor,	and,	if	he	detects	any	trepidation	or	hesitation,	he	concludes	that	the	overall	rehabilitation	is	incomplete.	This,	of	course,	is	indicative	of	what	actually	might	happen	in	sport;	all	the	clinical	tests	may	show	that	the
athlete	is	"back	to	normal",	but	the	athlete's	perception	of	h	i	s	k	condition	may	425	SUPERTRAINING	other	words,	one	should	always	apply	post-injury	performance	tests	which	examine	not	only	the	and	anatomical	readiness	for	a	return	to	competition,	but	also	the	psychological	factors	which	m	one's	preparedness.	Training	to	Avoid	Injury	manage
dangerous	events	while	they	are	happening.	It	is	surprising	how	few	rugby	and	American	foo@all	never	learn	how	to	fall	from	their	colleagues	in	judo	and	wrestling,	yet	falling	and	violent	bodily	con	integral	parts	of	their	games.	Training	of	the	Soft	Tissues	aroil?i~	the	joint.	Since	all	muscle	action	and	joint	movement	involves	the	nervous	system,
proper	m	r	m	well	as	the	bones,	to	meet	the	demands	imposed	by	the	given	sport.	Overemphasis	on	resistance	8.3	The	Training	Programme	In	fact,	the	spiral	and	diagonal	patterns	used	by	physiotherapists	with	PNF	(proprioceptive	neuromu	facilitation)	are	particularly	suitable	for	providing	the	three	dimensional	joint	conditioning	necessary	in
Modified	PNF	principles,	procedures	and	patterns	may	be	devised	to	enable	players	to	apply	them	in	the	gym	with	free	barbells,	dumbbells,	pulley	machines,	partners	and	certain	machines	(see	7.2).	As	discussed	before	(4.2.7),	it	usually	requires	a	greater	number	of	machines	than	free	weights	or	pulley	systems	to	provide	the	necessary	and	sufficient
degree	of	three-dimensional	muscle	and	other	soft	tissue	fitness.,	The	claims	for	greater	safety	with	machines	are	not	necessarily	correct,since	many	machines	(such	as	seated	leg.	press,	bench	press	machines,	squatting	machines	and	'pec	decks')	are	intrinsically	less	safe	than	their	free	weights	equivalent,	unless	'spotted'	by	an	assistant	and	used
over	a	limited	range.	All	types	of	training	pose	certain	risks,	so	that	learning	of	correct	technique	is	the	best	safeguard	against	injury.	The	importance	of	a	well-qualified	conditioning	coach	then	becomes	obvious.	Machines	and	machine	circuits	may	play	a	limited	introductory	role	in	the	early	off-season,	to	enable	injured	athletes	to	'train	around'	an,
injury,	or	to	periodically	supplement	free	weight	and	pulley	system	training,	but	their	exclusive	use	is	not	suitable	as	the	main	form	of	resistance	training	for	the	serious	athlete.	-	426	;	.Plyometric	training	has	been	covered	earlier	in	some	detail.	If	it	is	to	be	used	effectively	and	safely,	it	is	dvisable	to	apply	the	guidelines	appearing	in	Chapter	5	.	2	4
1;~:.	,;	..A~'	.	.	.	..	-	.:.7::,~;.~c+:.cP	.	.;	;	,a,	-&	--,*;I3...	m+z+i	.....	=	-	-..	.-.	..	:	.-,	2,;y	,;.-~.=	,.	8,.	.c	:omponents	of	the	Training	Programme	-	~jc.zi,lir-n,,F,	%	.:.	.	,>	.	I	Z	,;,	-	efore	prescribing	any	exercise	programme,	it	is	useful	to	annlv	the	following	checklist:	;	the	given	exercise	and	its	method	of	executio	Necessary?	Sufficient?	Appropriate?
Effective?	Challenging?	(or	interesting,	enjoyable?)	Safe?	i	1	addition,	you	must	examine	the	following	P-fators	of	Exercise	Prescription:	Purpose	Person	(Player	or	athlete)	Practitioner	(coach	or	instructor)	Principles	(of	training	means	and	methods)	Procedures	(for	using	specific	methods	and	exercises)	Period	or	Phase	of	training	Place	(and	facilities)
Position	(of	player	or	of	joints)	Pivots	(joints	involved).	.-	ebyt&wHIr	--*---A*	'	-	Once	you	have	applied	these	checklists	carefully,	you	may	set	up	an	encyclopaedia	of	resistance	exercises	for	possible	use	by	all	the	players.	These	exercises	should	also	include	activities	for	warming	up	(pre-event	:	preparation)	and	enhancing	firnctional	or	sport	specific
&xibili@,	because	static	stretches	on	their	own	are	inadequate	for	meeting	the	dynamic	full	range	movements	of	the	given	sport.	Superior	sport	specific	flexibility	and	flexibility-strength	is	produced	by	full	range	dynamic	movements	executed	in	specific	patterns	against	heavy	,	resistance	or	using	hold-relax	or	contract-relax	methods	borrowed	from
PNF	(see	Ch	7).	You	should	now	be	ready	to	set	up	a	training	programme	incorporating	the	following	components	that	have	been	discussed	in	detail	in	preceding	chapters.	,,	.,	...	,	.	.	.-	1,.,	,-.:'	i	,.	r	,->	t	.>	The	General	Components	,	.	,	_	a	I	t	a	,	Means	Methods	Exercises	Techniques	The	Specific	Components	L	'	1.	Conditioning	Purpose	(bodybuilding,
weightlifting,	supplementary	training,	etc.)	2.	Type	of	Fitness	(in	terms	of	a	fitness	profile)	3.	Body	Zones	4.	Muscle	Groups	5.	Type	of	Muscle	Tension	(static,	dynamic,	etc.)	6.	Type	of	Movement	(extension,	flexion,	adduction,	etc.)	7.	Type	of	Resistance	Modality	or	Apparatus	8.	The	Specific	Exercises	9.	Exercise	Method	(maximum	load,	pyramids,
supersets,	forced	reps,	etc.)	10.	Exercise	Variables	:	Speed	of	movement	Acceleration	Load	Repetitions	per	set	,LO.	7	1	*	*	*Ilmberef-4	s	e	r	i	e	~	(	of	~	~	s	-,TpLr--r4	-.	,	Intensity	of	resistance	(average	l	d	per	workout)	Volume	of	resistance	(a	measure	of	total	woik	dbn'e	pkr'ii;dkout)	Density	of	exercises	(	a	m	,	of*	number	of	exercises	per	unit	time)
Sequence	of	exercises	Frequency	of	workouts	Pattern	of	movement	h	g	e	of	movement	*	Duration	of	movement,	set	or	series	*	Rest	periods	(between	movements,	sets	and	workouts)	Duration	of	workouts	Number	of	exercises	per	workout	Vari&on	of	technique	Warming-upand	stretching	activities	Supplementary	sports	or	manual	labour	'	11.
Organisation	of	the	Training	Programme	Training	session	Training	day	*	Restoration	means	and	methods	D	i	s	t	r	i	b	d	c	o	n	loading	~	Microcycles	hkocycl~	.	L	Q	n	g	~	d	~	Macrocycle	hgmcmycle	,	.	-.	,	statute	of	Fitness,Libititions	An	o	v	d	sch6&	that	can	reme^^	me^^	useful	in	planning	any	hbing'orrehabmtanonprbgmke	is	one	I	caIl	the	Statute	of
Fitness	Limitations.	It	is	so	named	becauge	it	entails	starting	any	client	frbm	an	d	t	i	a	which	is	limited	in	the	following	manner:	~imited~ntensity'ar~osrd	Limited	Duration	(of	a	movement	or	set)	Limited	Volume	(of	the	entire	exercise	or	session)	Limited	Density	Limited	~&leration	(and	deceleration)	Limited	Power	Limited	Rate	of	Force	(or
Acceleration)	Development	(RFD)	Limited	Velocity	Limitgd	Range	Limited	Complexity	-1	.	.	,,	,	Thus,	one	prescribes	an	exercise	in	which	all	of	the	above	variables	.	.	are	limited'i@tially,	$en,	as	the	indiv&	,,	-<	,	Calf	raises	(standing:	plantarflexors	and	calf	muscles,	especially	gastrocnemius)	..	Calf	raises	(seated	or	bent	knee:	plantarflexors	and	calf
muscles,	especially	soleus)	Donkey	calf	raises	(gastrocnemius	or	soleus	or	both,	dependmg	on	knee	angle)	f,+	._	.	.	4,	-	I	,	I	*	+	Back	.	-.	1	kjL.3	,I=	Deadlifts;	clean	pulls	(bent	knees:	spinal	erectors,	hamstrings,	quadriceps)	,	'Hyperextensions'	(slowly	up	and	down:	spinal	erectors,	gluteus)	Upright	rowing	(upper	back	and	shoulders:	trapezius,	deltoids,
elbow	flexors)	,	:,	i3b	,!n;	+i	,	Shoulder	shrugs	(upper	back:	trapezius,	rhomboids)	Good	mornings	(small	range,	'flat'	back,	bent	knees:	spinal	erectors,	hamstrings,	glutei)	Lat	machine	pull-downs	(upper	back	muscles:	lats,	teres	major)	Bent-over	rowing	('flat	back',	bent	knees:	lats,	posterior	deltoids,	elbcTV7	lexod	N	-	'	.	y	t	~d	t	y	-	i	q	~	pG,,	iun~
Curl-grip	lat	pull-downs	(lats,	biceps	and	other	elbow	flexors)	"	';':K'm2	"j-'.'I	8	Seated	pulley	rowing	(lats,	teres	minor,	traps,	deltoids,	elbow	flexors)	Shoulders	mxrw	n:~;'	t6,7	M	I=.	,	..*	rn	.	~	i	i	ddd	~	,	9.7,	,,	.-.	-	H-bs..j	?&?i	r!3	Y:	cf	wlr~.da&	Lateral	raises	with	dumbbells	or	pulley	.	ieltoids,	traps,	rhomboids)	2441:	~3	Y	k	G	?	r	i	i	?	9	f	;&iuq0qb



Front	raises	(deltoids,	trapezius)	Upright	rowing	(traps?deltoids,	elbow	flexom)	35.1~	-2,	:	(	iiw:a	j	i	~	~	c	~	x	,	b~~	4nd	Shrugs	(traps,	rhomboids,	levator	scapulae)	a-	&;T$	+-	,;	-.-tjL	-2,	%,i	Jekxn	>3vMo	Standing	or	seated	press	(deltoids,	triceps)	.	.	tkCh,Ll&	c	1	.'	2321$?37.9	Prone	flyes	or	horizontal	cable	pull-backs	(idraspinatus,	traps,	rhomboids)
-*,-	-pM	,?,[$	jssd	Front	arm	raises	(front	and	middle	deltoids)	I	Dips	(pecs,	front	deltoids,	triceps,	upper	traps,	se	,,,	P.i	-	7m	m	B	Arms	Curls	(barbell,	dumbbell	or	pulley:	biceps	and	other	elbow	flexorsj	Curl-grip	pull-ups	(biceps	and	other	elbow	flexors,	lats)	Tricep	push-downs	(with	pulleys:	triceps)	Tricep	extensions	(behind	or	alongside	the	head:
triceps)	,	Narrow	grip	bench	press	(triceps,	pectorals)	Tricep	kick-backs	(with	dumbbells	or	pulleys:	triceps)	Reverse	grip	curls	(biceps	and	other	elbow	flexors,	forearm	muscles)	Half	dumbbell	or	broomstick	wrist	twists	(up,	down,	sideways,	circle-	-	,	--,	..'....	aJ	~	Y!1:,,'h,	4UV..	V.	6,"	sfyq	~	sxh*	-1	;	u	d	,	1	(17,rfVJ	lrl	Mid-section	Bent-knee	sit-ups	(feet
free,	back	on	mat:	abdominals,	obliques)	Bent-knee	sit-ups	(feet	fixed:	abdominals,	obliques,	hip	flexors)	Bent	knee	sit-ups	with	twist	(slow,	with	twist	from	beginning:	abdominal	muscles)	Side	bends	(with	DB	or	pulleys:	obliques,	quadratus	lumborum,	spinal	ere	Side	sit-ups	(obliques,	quadratus	lumborum,	spinal	erectors)	Seated	or	hanging	leg	pull-
ins	or	pikes	(lower	abdominals,	hip	flexors)	Hanging	leg-raises	(hip	flexors,	abdominals,	rectus	fernoris)	Supine	leg-raises	with	posterior	pelvic	tilt	and	trunk	curled	partially	up	Trunk	curl-ups	from	the	buttocks,	hands	holding	grips	to	stabilise	shoulders.	-,-	W	W	C.	Extensive	use	of	many	muscles	-5	-	--	.	-	-	..	--	.	.	?	r#i@hd*~&	&,&*	..."	r7	?iw?wfd5	m	J?
I	,.	7	,	.-.--	->.	7	.	,-	-,*;.:	I-.	w33	.	.	-	-	-	..	L3'++5-T:?bI	L	*	~	*	i.J	,	-	mt.?pwwJ	Clean	from	ground	onto	front	of	hou*s	Power	clean	from	ground	onto	shoulders	lxahing	S	~	~	.	r	n	Uf?):	'	d	22-38.	W	BC	&	A-X	(1952)	The	'force	exerted	by	active	sliaad	&	w	e	'&&gand	ski	Lhsnge	i	f	loo&	J	Physiot(2mdon)	117:	77-86.	A	h	OR,	Hather	B,	BQldvFrin	K	&	Dudley
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