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"The Iron never lies to you... The iron will always kick you the real deal. The Iron is the real 
deak. The iron is the great reference point, the all-knowing 
perspective giver. Always there like a beacon in the pitch black. I 
have found the Iron to be my greatest friend. It never freaks out on 
me, never runs. Friends may come and go. But two hundred pounds 
is always two hundred pounds." 
-Henry Rollins 
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Foreword 
Any project such as this is not the result of any one author's epiphany about a 

ground breaking theory of training, it is the result of experience, practice, and 
education. The quote "I see farther as I stand on the shoulders of giants" is 
particularly apropos here. Dr. Bob Kraemer and Dr. Chris Ross allowed me to stand 
on their shoulders and showed me that my practical experience as a coach and a 
competitor was valued and useful in experimental design. They also pushed me to 
think about practical applications and about asking the right questions in the lab. 
Similarly my practice in the sport of weightlifting as an athlete and a coach was built 
by standing on the shoulders of silent giants. Guys no one knows but who have had 
much to teach helped me understand why things work in the gym. 

There is nothing in life that could have prepared me for my nearly decade long 
association with Mark Rippetoe. Rip is a unique character and has a unique 
influence on anyone he meets. His experiences, education, and constant search for 
better and more efficient ways to train and do business, his intolerance of BS, and his 
absolute generosity have been essential in making this flat little expanse of north 
Texas we know as Wichita Falls a bastion of doing weight training like it's supposed 
to be done. He is one of the few coaches, personal trainers, and gym owners I know 
that have truly bridged the gap between science and practice. Mark is an amazing 
wordsmith and gym practitioner and has made the past two plus years working on 
book projects with him one of the most intellectually rewarding and fun periods of 
my academic career. To me Rip is the "Iron" that Rollins describes. 

There are a number of other important learning influences I would be remiss in 

not mentioning: 

Joe Bradford - Bill Clark - Bob Hoffman - Marty Cypher - Russ Knipp - Bill 
Welfelt - Carl Miller - Ron Hall - Lyn Jones - Dr. Ben Timson - Dr. Geoff 
Ringer - Bobby "Hollywood" Howell - Dr. Mike Stone - Dr. Kyle Pierce - Dr. 
Stef Bradford - Dr. Phil Colee - Dr. Steve Snowden - The Johnny Cooper 
family - and every training partner I have ever had 

I have been blessed with a steady stream of good graduate students with an 
interest in weight training. Some information in this book is couched in knowledge 
that graduate students brought to the world. The ones whose work with me most 
influenced this book are: 

Jacob Reeves, John Martin, Dan Talbot, Tony Miller, Jeff Schley, Glenn 
Pendlay, Brandon Ezzell, Michael Hartman, Chad Touchberry, Justin Kulik, 
Kathy Wells, Clay Worthington, and Becky Kudrna 

My parents, Jim and Mary Kilgore have supported, in a variety of ways, every 
one of my hare brained adventures in life. My family, Tommi, Val, Derek, Ashton, 
and Thomas have displayed incredible patience and support over the years and were 
essential in making this thing work. Thanks. 

—Lon 
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Moreword 

I have had t h e good fo r tune to be associated w i t h the best people in this 

field, ever since I w a n d e r e d i n t o t h e w e i g h t r o o m a t M i d w e s t e r n Unive r s i ty 

i n t h e s u m m e r o f 1 9 7 9 a n d m e t Bill S ta r r . He i n t r o d u c e d me to m a n y o f h i s 

fr iends a n d associates, w h o i n t r o d u c e d m e t o m a n y o t h e r good people and 

t augh t m e m a n y t h ings . O v e r t h e years s ince D a v i d A n d e r s o n ' s G y m 

became my W i c h i t a Falls A t h l e t i c C l u b I have m e t lots of folks w h o taught 

me m a n y o t h e r t h ings , all t h e w h i l e t h i n k i n g tha t I w a s t each ing t h e m . 

A few need specific m e n t i o n : G e o r g e H e c h t e r a n d J i m m y M o s e r , 

T o m m y Suggs, J o h n Pe t t i t , H a l Koen ig , T e r r y Y o u n g , K e n n y Blake, 

T r e v a , Carde l l H a i r r i l l , A n g e l Spassov, L o r i b o b , a n d D u m p l i n . 

I have also been f o r t u n a t e e n o u g h t o b e able t o w o r k w i t h G l e n n 

P e n d l a y a n d D r . K i lgo re for t h e pas t decade o r so . T h i s b o o k i s p r imar i ly 

d u e to L o n ' s r ea l i za t ion t h a t o u r syn thes i s o f a n e w a p p r o a c h to 

p r o g r a m m i n g w a s w o r k i n g w e l l , a n d tha t i t needed pol i sh a n d o r g a n i z a t i o n 

i f i t was to be t r u l y useful to o t h e r coaches and a th le tes . I d o n ' t k n o w how 

p o l i s h e d i t is, b u t I p r o m i s e i t w o r k s . 

T h e recen t loss of my fr iend J a s o n C h r i s t i e has left a ho le in o u r l i t t le 

c o m m u n i t y h e r e a t W F A C . He w a s t h e best k i n d o f g u y t h e r e i s -

g e n e r o u s , bal lsy , f u n n y , eager t o learn , m o r e eager t o he lp , a n d ve ry t o u g h 

u n d e r t h e bar . He was a b ig s u p p o r t e r o f weight l i f t ing , a n d o u r efforts to do 

th ings t h e r igh t w a y . T h i s b o o k i s ded ica ted t o h i m . 

--Rip 
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"Does history record any case in which the majority was right?" 
--Robert Heinlein 
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1 - Introduction 
Do we know what we know? 

" T h e m o s t e r r o n e o u s s t o r i e s a r e t h o s e w e t h i n k w e k n o w b e s t 

— a n d t h e r e f o r e n e v e r s c r u t i n i z e o r q u e s t i o n . " 

—Stephen Jay Gould 

T h e a b i l i t y t o e f f e c t i v e l y d e s i g n , o r g a n i z e , a n d 

i m p l e m e n t t r a i n i n g p r o g r a m s i s a n a b s o l u t e r e q u i r e m e n t f o r 

s u c c e s s i n a l l a r e a s o f e x e r c i s e : p e r f o r m a n c e , c o a c h i n g , p h y s i c a l 

e d u c a t i o n , h e a l t h a n d w e l l n e s s , a n d r e h a b i l i t a t i o n . V o l u m e s 

h a v e b e e n w r i t t e n o n p r o g r a m m i n g a e r o b i c e x e r c i s e f o r a 

v a r i e t y o f p o p u l a t i o n s . T h e y a r e u s u a l l y w r i t t e n b y a c a d e m i c s 

w i t h p r a c t i c a l e x p e r i e n c e i n a e r o b i c e x e r c i s e a n d a r e b a c k e d b y 

r e s e a r c h s p e c i f i c a l l y a d d r e s s i n g t h i s t y p e o f e x e r c i s e . P r e c i s e 

g u i d e l i n e s e x i s t l o r p r o g r a m m i n g a e r o b i c e x e r c i s e f o r v i r t u a l l y 

a n y p o p u l a t i o n . T h e l i t e r a t u r e i n t h e s c i e n t i f i c , m e d i c a l , a n d 

e x e r c i s e j o u r n a l s i n t h i s t o p i c i s a b u n d a n t . 

O n t h e a n a e r o b i c s i d e o f t h e s t r e e t , w h e r e w e i g h t 

t r a i n i n g r e s i d e s , t h e s i t u a t i o n i s m u c h d i f f e r e n t . W h i l e t h e r e i s a 

g r e a t d e a l o f m a t e r i a l a v a i l a b l e f o r c o n s u m p t i o n b y t h e p u b l i c , 

i t s q u a l i t y i s f r e q u e n t l y s u s p e c t . T h e s u p p o s e d " g o l d s t a n d a r d " 

f o r e x e r c i s e p r e s c r i p t i o n r e c o m m e n d a t i o n s , t h e A m e r i c a n 

C o l l e g e o f S p o r t s M e d i c i n e ( A C S M ) Guidelines for Exercise 

Testing and Prescription, p r o v i d e s o n l y a c u r s o r y d e s c r i p t i o n o f 

a m e t h o d f o r p r o g r a m m i n g w e i g h t t r a i n i n g . F r e q u e n t l y , t h e 

" e x p e r t s " o n w h o m t h e p u b l i c r e l i e s f o r g u i d a n c e c o m e f r o m 

o n e o f t w o c a m p s : 1 ) i n d i v i d u a l s w i t h p r a c t i c a l e x p e r i e n c e a n d 

l i t t l e o r n o s p e c i f i c e d u c a t i o n a n d t r a i n i n g , o r 2 ) i n d i v i d u a l s 

w i t h d e g r e e s ( u s u a l l y n o t i n t h e a r e a o f a n a e r o b i c p h y s i o l o g y ) 

w h o h a v e v e r y l i t t l e p r a c t i c a l e x p e r i e n c e w i t h w e i g h t t r a i n i n g 
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b u t t h e b e s t o f i n t e n t i o n s . T h e e n d r e s u l t i s t h a t t h e t y p i c a l 

c o a c h , c l i n i c i a n , g y m m e m b e r , o r a t h l e t e t r y i n g t o m a x i m i z e 

p e r f o r m a n c e i s v e r y p o o r l y s e r v e d b y i n a p p r o p r i a t e i n s t r u c t i o n 

i n w e i g h t t r a i n i n g a n d i n a d e q u a t e p r o g r a m d e s i g n . 

P r o f e s s i o n a l s , b o t h p r a c t i t i o n e r s a n d a c a d e m i c s , i n 

w e i g h t t r a i n i n g s e e m t o a v o i d a d d r e s s i n g t h i s i s s u e , l i k e l y f o r a 

v a r i e t y o f r e a s o n s . W i t h l i t t l e o r n o a v a i l a b l e i n f o r m a t i o n 

p r o v i d i n g s t r o n g e v i d e n c e i n f a v o r o f a p a r t i c u l a r a p p r o a c h t o 

p r o g r a m m i n g , a p r a c t i t i o n e r c a n n e v e r a c t u a l l y b e w r o n g i n 

p r o g r a m m i n g f o r a c l i e n t , a t h l e t e , p a t i e n t , o r s t u d e n t a s l o n g a s 

t h e p r o g r a m s t a y s r e a s o n a b l y c l o s e t o t h e A C S M ' s n e b u l o u s 

p o s i t i o n . A n d i f i t i s c l o s e , h e c a n n o t b e l e g a l l y c h a l l e n g e d i n 

t e r m s o f p r o f e s s i o n a l l i a b i l i t y . E v e n i f h e o b t a i n s l e s s t h a n 

o p t i m a l r e s u l t s f o r h i s t r a i n e e , h e i s b e i n g " t e c h n i c a l l y c o r r e c t " 

i n h i s a p p r o a c h . A s a r e s u l t , t h e r e i s r e a l l y n o i n c e n t i v e t o r o c k 

t h e b o a t , f i n d o u t w h a t r e a l l y w o r k s , a n d p o t e n t i a l l y b e h e l d t o 

m o r e r i g o r o u s s t a n d a r d s o f p r a c t i c e . 

P r a c t i t i o n e r s w i t h o u t e d u c a t i o n a r e n o t t r u l y 

" p r o f e s s i o n a l s , " i n t h e s e n s e t h a t o n e p r e p a r e s o n e s e l f 

a c a d e m i c a l l y a s a p r o f e s s i o n a l b e f o r e p r a c t i c i n g a s s u c h . B u t i t i s 

n o t o n l y t h e p r a c t i t i o n e r s w h o h a v e f a i l e d t o a d d r e s s t h e 

s h o r t a g e o f i n f o r m e d g u i d a n c e o n w e i g h t t r a i n i n g 

p r o g r a m m i n g ; i t i s a l s o t h e a c a d e m i c s . M a n y w e l l - m e a n i n g 

p r o f e s s o r s h a v e t a k e n i t u p o n t h e m s e l v e s t o w r i t e t e x t s o n h o w 

t o t r a i n w i t h w e i g h t s a n d h o w t o p r o g r a m w e i g h t t r a i n i n g . 

W i t h v e r y f e w e x c e p t i o n s , t h e r e i s s o m e t h i n g m i s s i n g i n t h e s e 

i n d i v i d u a l s ' p r o f e s s i o n a l p r e p a r a t i o n : p r a c t i c a l e x p e r i e n c e . H o w 

m a n y o f t h e s e e x e r c i s e s c i e n c e t e a c h e r s h a v e e x p e r i e n c e o n t h e 

p l a t f o r m ? H o w m a n y o f t h e m h a v e w o r k e d i n v a r s i t y w e i g h t 

r o o m a s a t h l e t e s ? H o w m a n y h a v e b e e n s t r e n g t h c o a c h e s ? H o w -

m a n y h a v e c o a c h e d a c t u a l w e i g h t l i f t e r s o r p o w e r l i f t e r s ? H o w 

m a n y h a v e c o a c h e d b o d y b u i l d e r s ? H o w m a n y h a v e o p e r a t e d 

c o m m e r c i a l g y m s , s e r v i n g c l i e n t s f r o m a w i d e r a n g e o f a g e , 
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a b i l i t y , a n d m o t i v a t i o n ? H o w m a n y h a v e t a k e n r e h a b p a t i e n t s 

b a c k t o f u n c t i o n a l i t y a n d t h e n b e y o n d a f t e r t h e i n s u r a n c e f o r 

c l i n i c a l r e h a b i l i t a t i o n r u n s o u t ? A t r u e s t r e n g t h a n d 

c o n d i t i o n i n g p r o f e s s i o n a l m u s t b e v e r s e d i n a l l a r e a s o f p r a c t i c e 

a n d c o m p e t i t i o n , t h r o u g h e x p e r i e n c e a n d e d u c a t i o n . T o i g n o r e 

t h e c o n t r i b u t i o n s a n d u n d e r p i n n i n g c o n c e p t s o f a n y s t r e n g t h 

t r a i n i n g s p e c i a l i z a t i o n i s t o a c t i v e l y c h o o s e t o b e a l e s s 

c o m p e t e n t p r o f e s s i o n a l . 

M a n y t e x t s h a v e a l s o b e e n w r i t t e n b y p r a c t i t i o n e r s , b u t 

t h e y t y p i c a l l y l a c k a s o u n d s c i e n t i f i c b a s i s . F o r e a c h o f t h e s e , 

t h e r e i s a t e x t w r i t t e n b y a P h D t h a t l a c k s t h e u s e f u l n e s s t h a t 

o n l y e x p e r i e n c e c a n p r o v i d e . V i r t u a l l y e v e r y p r o f e s s i o n a l 

o r g a n i z a t i o n w i t h i n t h e w e i g h t t r a i n i n g c o m m u n i t y i d e n t i t i e s 

t h e g a p b e t w e e n t h e o r y a n d p r a c t i c e a s a l a r g e p r o b l e m w i t h i n 

t h e p r o f e s s i o n . T h e r e i s n o q u e s t i o n a b o u t t h i s , b u t s o l u t i o n s 

f r o m t h e f i e l d h a v e n o t b e e n f o r t h c o m i n g . 

T h e t r a i n i n g o f a c a d e m i c s i s a p r o b l e m . H o w m a n y 

u n i v e r s i t i e s h a v e m a s t e r s a n d d o c t o r a l p r o g r a m s s p e c i f i c a l l y 

a i m e d a t t h e e x t e n s i o n o f k n o w l e d g e s u r r o u n d i n g w e i g h t 

t r a i n i n g a n d i t s r o l e i n h e a l t h a n d h u m a n p e r f o r m a n c e ? T h o s e 

p r o g r a m s c a n b e c o u n t e d o n o n e h a n d . T h e p a u c i t y o f 

i n s t i t u t i o n s w h e r e t h e p h y s i o l o g y , m e c h a n i c s , a n d p s y c h o l o g y 

o f w e i g h t t r a i n i n g i s a f o c u s a t t h e g r a d u a t e l e v e l m e a n s t h a t 

a c a d e m i c s o p e r a t i n g a s " e x p e r t s " i n t h e f i e l d w e r e n o t t r a i n e d 

b y e x p e r t s i n t h e f i e l d . T h i s i s a p r o b l e m . O c c a s i o n a l l y 

( f r e q u e n t l y , s o m e w o u l d a r g u e ) , y o u c a n f i n d e x p e r t f i e l d 

p r a c t i t i o n e r s w h o h a v e t r a i n e d t h e m s e l v e s t h r o u g h r e a d i n g a n d 

o n - s i t e a p p l i e d r e s e a r c h a n d w h o p o s s e s s a m u c h b e t t e r 

c o m m a n d o f t h e a p p l i c a b i l i t y o f r e s e a r c h i n t o w e i g h t t r a i n i n g 

t h a n m a n y a c a d e m i c " e x p e r t s . " 

T h e r e i s a t r i c k l e - d o w n e f f e c t h e r e . A c a d e m i c s a t 

u n i v e r s i t i e s t r a i n o u r c o a c h e s , t r a i n e r s , a n d t e a c h e r s . P o o r l y 

t r a i n e d p r o f e s s o r s p r o d u c e p o o r l y t r a i n e d p r a c t i t i o n e r s . T h i s i s 

a n a r e a o f t r e m e n d o u s c o n c e r n , e s p e c i a l l y i n a t h l e t i c s . T h e 
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s t r e n g t h c o a c h w i l l l i k e l y s p e n d m o r e i n d i v i d u a l t i m e w i t h a n 

a t h l e t e t h a n a n y o t h e r c o a c h d u r i n g t h e a t h l e t e ' s c a r e e r . W o u l d 

w e s e n d a n u n t r a i n e d , u n m e n t o r e d , o r u n e d u c a t e d p e r s o n o u t 

t o r u n a s e a s o n o f p r a c t i c e s f o r a f o o t b a l l o r v o l l e y b a l l t e a m ? 

O b v i o u s l y n o t . J u s t b e c a u s e s o m e o n e h a s r u n a m a r a t h o n o r 

p l a y e d D i v i s i o n I f o o t b a l l d o e s n o t m e a n t h a t t h e y a r e c a p a b l e 

o f c o a c h i n g t h e s p o r t . P l a y i n g a n d c o a c h i n g a r e t w o d i f f e r e n t 

s k i l l s . T h i s s a m e a p p l i e s t o w e i g h t t r a i n i n g : j u s t b e c a u s e a n 

i n d i v i d u a l e x e r c i s e d w i t h w e i g h t s w h i l e t h e y p l a y e d a s p o r t 

d o e s n o t m e a n t h a t t h e y a r e q u a l i f i e d t o c o a c h s t r e n g t h f o r t h a t 

o r a n y o t h e r s p o r t . I t t a k e s t r a i n i n g , m e n t o r s h i p , a n d e d u c a t i o n 

( e i t h e r f o r m a l o r p r a c t i c a l ) . D i s r e g a r d i n g t h e v a l u e o f p r o v e n , 

c e r t i f i a b l e k n o w l e d g e a n d p r a c t i c a l a b i l i t y a n d g a m b l i n g a n 

a t h l e t e ' s o r t e a m ' s p h y s i c a l r e a d i n e s s o n t h e g o o d - o l ' - b o y 

s y s t e m o f h i r i n g s t r e n g t h a n d c o n d i t i o n i n g s t a f f i s n o t w i s e . 

F u r t h e r , t h i s s y s t e m o f h i r i n g l i m i t s t h e p o t e n t i a l f o r 

p r o f e s s i o n a l i s m a n d p u b l i c r e c o g n i t i o n i n t h e c a r e e r f i e l d . 

T h e l a c k o f p r e p a r a t o r y c o u r s e s i n t h e a v e r a g e p h y s i c a l 

e d u c a t i o n o r k i n e s i o l o g y d e g r e e p r o g r a m i s a p r o b l e m . D a t a 

f r o m 2 0 0 4 U . S . e x e r c i s e p a r t i c i p a t i o n s t a t i s t i c s i n d i c a t e s t h a t 

2 1 % o f t h e p o p u l a t i o n t r a i n s w i t h w e i g h t s t w o o r m o r e t i m e s 

p e r w e e k . T h e l a c k o f e d u c a t e d a n d e x p e r i e n c e d p r o f e s s i o n a l s i n 

t h e c l a s s r o o m , w e i g h t r o o m , a n d f i t n e s s c l u b m e a n s t h a t t h e r e 

m a y b e 6 3 , 0 0 0 , 0 0 0 A m e r i c a n s t r a i n i n g w i t h w e i g h t s w h o w e r e 

n o t t a u g h t h o w t o d o s o c o r r e c t l y . A d d i t i o n a l d a t a f r o m t h e 

S p o r t i n g G o o d s M a n u f a c t u r i n g A s s o c i a t i o n s h o w s t h a t w e i g h t 

t r a i n i n g i s c o n s i s t e n t l y i n t h e t o p t h r e e r e c r e a t i o n a l e x e r c i s e 

a c t i v i t i e s i n t h e U n i t e d S t a t e s , w h i c h f u r t h e r u n d e r s c o r e s t h e 

i m p o r t a n c e o f p r o v i d i n g q u a l i t y i n s t r u c t i o n s p e c i f i c t o t e a c h i n g 

a n d p r o g r a m m i n g w e i g h t t r a i n i n g t o p h y s i c a l e d u c a t o r s , 

c o a c h e s , a n d p e r s o n a l t r a i n e r s . T h i s v o i d i n p r o f e s s i o n a l 

p r e p a r a t i o n p r e v e n t s a h u g e n u m b e r o f t r a i n e e s f r o m m a k i n g 

t h e p r o g r e s s t h a t t h e y e x p e c t a n d a r e c a p a b l e o f . P r o f e s s i o n a l 
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e d u c a t i o n p r o g r a m s s h o u l d b e g i n t o a d d r e s s t h i s o v e r l o o k e d 

a r e a o f i n s t r u c t i o n . 

Educating Practitioners 

T h e r o o t o f t h e p r o b l e m c a n b e f o u n d i n t h e l a c k o f a 

s e n s e o f i d e n t i t y w i t h i n p h y s i c a l e d u c a t i o n . W h o a n d w h a t a r e 

p h y s i c a l e d u c a t o r s ? J u s t l o o k a t w h a t p h y s i c a l e d u c a t i o n 

p r o g r a m s i n u n i v e r s i t i e s a c r o s s t h e U n i t e d S t a t e s p r o d u c e . O n e 

a c a d e m i c d e p a r t m e n t f r e q u e n t l y g e n e r a t e s t e a c h e r s , c l i n i c i a n s , 

c o a c h e s , t r a i n e r s , f i t n e s s t r a i n e r s , g y m m a n a g e r s , s p o r t s 

a d m i n i s t r a t o r s , r e c r e a t i o n w o r k e r s , c a r d i a c r e h a b i l i t a t i o n 

s p e c i a l i s t s , e x e r c i s e r e h a b i l i t a t i o n s p e c i a l i s t s , e x e r c i s e 

p h y s i o l o g i s t s , b i o m e c h a n i s t s , a n d s p o r t s p s y c h o l o g i s t s . 

P r o g r a m s a r e t y p i c a l l y g e n e r a l i n n a t u r e , p r o d u c i n g g e n e r a l l y 

t r a i n e d s t u d e n t s i n t e n d e d t o o c c u p y s p e c i f i c o c c u p a t i o n a l a n d 

p r o f e s s i o n a l j o b s . T h e n a m e s o f t h e u n i v e r s i t y d e p a r t m e n t s t h a t 

o f f e r w h a t a r e c o n s i d e r e d t r a d i t i o n a l " p h y s i c a l e d u c a t i o n " 

d e g r e e s a r e g e n e r i c , n o n d e s c r i p t n a m e s t h a t t h e p u b l i c d o e s n o t 

r e c o g n i z e a s b e i n g r e l a t e d t o p h y s i c a l e d u c a t i o n . T h i s l a c k o f 

r e c o g n i t i o n a c t u a l l y s t a r t s o n c o l l e g e c a m p u s e s t h e m s e l v e s ; 

o t h e r a c a d e m i c p r o g r a m f a c u l t y w i l l r e f e r t o k i n e s i o l o g y , 

e x e r c i s e s c i e n c e , o r a n y o t h e r p e r m u t a t i o n o f t h e n a m e s i m p l y 

a s " t h e P E d e p a r t m e n t . " 

I t w o u l d b e h o o v e " p h y s i c a l e d u c a t i o n " d e p a r t m e n t s -

w h a t e v e r t h e i r n a m e — t o c l e a r l y d e f i n e a m i s s i o n , a p h i l o s o p h y , 

a n d a s p e c i f i c p r o f e s s i o n a l e m p l o y m e n t p r e p a r a t i o n t r a c k , a n d 

s t a f f i t w i t h e x p e r t s i n t h e f i e l d . A p r o g r a m t h a t i s i n t e n d e d t o 

p r o d u c e p u b l i c s c h o o l p h y s i c a l e d u c a t o r s , a s t h e y a r e c u r r e n t l y 

p r e p a r e d , c a n n o t a t t h e s a m e t i m e p r o d u c e t o p - f l i g h t c a r d i a c 

r e h a b i l i t a t i o n s p e c i a l i s t s . B y t h e s a m e t o k e n , a c l i n i c a l 

r e h a b i l i t a t i o n p r o g r a m i n t e n d e d t o p r o d u c e a n a t h l e t i c t r a i n e r , 

a c a r d i a c r e h a b i l i t a t i o n s p e c i a l i s t , o r a n e x e r c i s e r e h a b i l i t a t i o n 

p r a c t i t i o n e r , a s t h e y a r e c u r r e n t l y p r e p a r e d , c a n n o t a t t h e s a m e 
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t i m e p r o d u c e a s t r e n g t h c o a c h . A r e t h i n k i n g o f m o d e r n 

p h y s i c a l e d u c a t i o n i s w a r r a n t e d . W i t h o u t c h a n g e , t r a i n e d 

p r o f e s s i o n a l s c a p a b l e o f c o n t r i b u t i n g t o t h e profession o f s p o r t 

a n d e x e r c i s e w i l l b e a r a r i t y . G r a d u a t e s c a p a b l e o f o c c u p y i n g 

l o w l e v e l jobs s u b s e r v i e n t t o s o m e o t h e r p r o f e s s i o n a l m a n a g e r i a l 

g r o u p , o n e t h a t i s a c t u a l l y l e s s q u a l i f i e d t o s u p e r v i s e a n d 

p r o g r a m e x e r c i s e , w i l l b e t h e r u l e . 

T h e r e a r e m o r e t h a n 3 0 0 d i f f e r e n t c e r t i f i c a t i o n s 

a v a i l a b l e t o e x e r c i s e p r o f e s s i o n a l s , w i t h n e a r l y a s m a n y 

b u s i n e s s e s a n d o r g a n i z a t i o n s o f f e r i n g t h e m . C a l i f o r n i a a l o n e 

h a s n e a r l y 4 0 e n t i t i e s o f f e r i n g s o m e t y p e o f c r e d e n t i a l . T h i s i s 

a n u n r e g u l a t e d i n d u s t r y , a n d a s s u c h t h e r e a r e " p r o f e s s i o n a l 

c e r t i f i c a t i o n s " t h a t c a n b e o b t a i n e d b y w r i t i n g a c h e c k t o a 

c o m p a n y , r e c e i v i n g s o m e c o u r s e m a t e r i a l i n a n e n v e l o p e i n t h e 

m a i l , t a k i n g a t e s t a t h o m e o r o n l i n e , a n d t h e n r e c e i v i n g y o u r 

c e r t i f i c a t i o n i n t h e m a i l i n a s e c o n d e n v e l o p e . S u d d e n l y y o u 

b e c o m e a c e r t i f i e d w e i g h t t r a i n i n g p r o f e s s i o n a l a n d c a n p u t 

s o m e e x t r a l e t t e r s a f t e r y o u r n a m e . O t h e r s o f f e r a n e v e n i n g o r 

S a t u r d a y w o r k s h o p t h a t u p o n c o m p l e t i o n r e n d e r s y o u a 

" c e r t i f i e d p r o f e s s i o n a l . " T h e s e c e r t i f i c a t i o n s b e n e f i t n o o n e 

e x c e p t t h e b u s i n e s s o f f e r i n g t h e c e r t i f i c a t i o n . T h e y c e r t a i n l y 

c a n n o t d e v e l o p — o r e v e n m e a s u r e — t h e s k i l l s a n d k n o w l e d g e 

required of a competent strength professional. An untrained 

person, with no previous education or mentored experiences, 

c a n n o t g a i n t h e n e c e s s a r y k n o w l e d g e a n d s k i l l s t o b e c o m e a 

s u c c e s s f u l p r a c t i t i o n e r b y q u i c k l y r e a d i n g a s t u d y g u i d e b e f o r e a 

t e s t o r b y s p e n d i n g a n a f t e r n o o n w i t h a c e r t i f i c a t i o n i n s t r u c t o r . 

A n " e d u c a t i o n " i s r e q u i r e d , f o r m a l o r o t h e r w i s e , a s i s t i m e i n 

t h e t r e n c h e s w o r k i n g w i t h t r a i n e d , k n o w l e d g e a b l e 

p r o f e s s i o n a l s . O n l y a f t e r g a i n i n g a s a t i s f a c t o r y w o r k i n g 

t h e o r e t i c a l k n o w l e d g e a n d a s e t o f p r a c t i c a l s k i l l s s h o u l d 

s o m e o n e s i t f o r a r i g o r o u s c e r t i f i c a t i o n e x a m i n a t i o n o f f e r e d b y 

a p r o f e s s i o n a l o r g a n i z a t i o n w i t h a p r o f e s s i o n a l m e m b e r s h i p . 
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A l t h o u g h c r e d e n t i a l s f r o m o r g a n i z a t i o n s t h a t h a v e n o 

m e m b e r s h i p o t h e r t h a n a n a d v i s o r y b o a r d , o r b u s i n e s s e s t h a t 

s e l l c e r t i f i c a l o is, m a y s e r v e a p u b l i c r e l a t i o n s f u n c t i o n i n 

c e r t a i n c o n t e x t s , t h e y s h o u l d b e c o n s i d e r e d o n l y a f t e r a m a j o r 

c e r t i f i c a t i o n h b e e n o b t a i n e d ( N S C A [ N a t i o n a l S t r e n g t h a n d 

C o n d i t i o n i n g A s s o c i a t i o n ] a n d U S A W [ U S A W e i g h t l i f t i n g ] i n 

p a r t i c u l a r f o r s t r e n g t h t r a i n i n g , A C S M f o r e x e r c i s e i n g e n e r a l ) . 

E v e n t h e s e c e r t i f i c a t i o n s h a v e t h e i r l i m i t a t i o n s , b u t t h e y a r e t h e 

b e s t c u r r e n t l y a v a i l a b l e . A g o o d r u l e o f t h u m b i s t h a t i f t h e 

c e r t i f y i n g a g e n c y d o e s n o t h a v e a n a n n u a l c o n v e n t i o n o f i t s 

p r o f e s s i o n a l m e m b e r s h i p , d o e s n o t h a v e a p r o f e s s i o n a l 

e d u c a t i o n a g e n d a , a n d d o e s n o t p r o d u c e a p r o f e s s i o n a l j o u r n a l , 

i t i s l i k e l y t h a t t h e m e r i t a n d v a l u e o f i t s c e r t i f i c a t i o n i s l o w . A 

s e m i n a r , s y m p o s i u m , o r w o r k s h o p i s n o t a c e r t i f i c a t i o n . T h e s e 

s h o r t - d u r a t i o n e d u c a t i o n a l e x p e r i e n c e s a r e q u i t e v a l u a b l e f o r 

p r o f e s s i o n a l d e v e l o p m e n t , b u t t h e i r a t t e n d a n c e a n d c o m p l e t i o n 

s h o u l d n o t b e c o n s i d e r e d e v i d e n c e o f e x p e r t i s e . 

Periodization in Print 

T h e s c i e n t i f i c l i t e r a t u r e r e l a t e d t o w e i g h t t r a i n i n g i s 

f r e q u e n t l y l i m i t e d i n s c o p e a n d a p p l i c a b i l i t y . T h e i n d i v i d u a l s 

c o n d u c t i n g t h e r e s e a r c h a r e n o t t r a i n e d t o a s k t h e r i g h t 

q u e s t i o n s , a n d t h e y f r e q u e n t l y h a v e n o c o n c e p t o f h o w t h e 

r e s e a r c h t h e y d o i n t h e l a b a c t u a l l y a p p l i e s i n t h e f i e l d . A 

c o m m o n p r o b l e m i s t h a t f i n d i n g s d e r i v e d f r o m a s p e c i f i c 

p o p u l a t i o n — u n t r a i n e d c o l l e g e - a g e m a l e s , f o r e x a m p l e — a r e 

f r e q u e n t l y c o n s i d e r e d t o b e g e n e r a l i z a b l e t o a l l p o p u l a t i o n s , 

i n c l u d i n g t r a i n e d a t h l e t e s . E x p e r i e n c e d c o a c h e s a n d t r a i n e r s a r e 

f r e q u e n t l y a m u s e d b y t h e w r i t i n g s o f t h e s c i e n t i f i c " e x p e r t s " 

w h o d o g m a t i c a l l y p r o p o s e a n d d e f e n d a l l - e n c o m p a s s i n g 

t h e o r i e s o f t r a i n i n g t h a t h a v e l i t t l e r e l e v a n c e t o t h e r e a l w o r l d 

o r c l a i m t h a t r e h a b i l i t a t i o n e x e r c i s e t h e o r y i s a p p l i c a b l e t o t h e 

p e r f o r m a n c e p r e p a r a t i o n o f h e a l t h y a t h l e t e s . 
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S p e c i f i c t o t h e t a s k o f p r o g r a m m i n g w e i g h t t r a i n i n g , l e t s 

c o n s i d e r t h e c o n c e p t o f p e r i o d i z a t i o n a n d i t s s u p p o r t i n g 

r e s e a r c h . P e r i o d i z a t i o n h a s b e e n c a l l e d o n e o f t h e " c o r e 

p r i n c i p l e s " i n t h e p r e p a r a t i o n o f a t h l e t e s f o r c o m p e t i t i o n . I t i s a 

v e r y s i m p l e i d e a : t h e a t h l e t e t r a i n s v e r y h a r d f o r a " p e r i o d " o f a 

t i m e a n d t h e n t r a i n s l e s s h a r d f o r a " p e r i o d . " O n e w o u l d e x p e c t 

a c o r e p r i n c i p l e s u c h a s t h i s t o b e h e a v i l y s u p p o r t e d i n t h e 

s c i e n t i f i c l i t e r a t u r e . A f t e r a l l , a j o i n t c o n s e n s u s s t a t e m e n t f r o m 

t h e A C S M a n d t h e U n i t e d S t a t e s O l y m p i c C o m m i t t e e s t a t e s 

t h a t t h e p r i m a r y r e a s o n a t h l e t e s a r e o v e r t r a i n e d i s t h a t c o a c h e s 

fa i l t o p e r i o d i z e . T h e f a c t i s t h a t W e s t e r n r e s e a r c h r e g a r d i n g 

p e r i o d i z a t i o n i s s p a r s e . T h e r e a r e m o r e r e v i e w s a n d 

i n t e r p r e t a t i o n s o f h o w t o u s e p e r i o d i z a t i o n t h a n t h e r e i s d a t a t o 

s u p p o r t i t s u s e . A s e a r c h o n t h e M e d l i n e a n d S p o r t D i s c u s 

a c a d e m i c s e a r c h e n g i n e s r e v e a l s o n l y a d o z e n o r s o r e p o r t s t h a t 

c a n b e c h a r a c t e r i z e d a s c o n t r o l l e d e x p e r i m e n t a l s t u d i e s o f 

p e r i o d i z a t i o n . I n f a c t , o n e o f t h e " h a l l m a r k " t e x t s o n 

p e r i o d i z a t i o n , w r i t t e n i n a v e r y s c i e n t i f i c t o n e , p r o v i d e s 1 2 

p a g e s o f m o r e t h a n 1 2 0 r e f e r e n c e s t o s u p p o r t t h e a u t h o r ' s 

c o n c e p t s o f p e r i o d i z a t i o n . W h i l e t h i s m a y a p p e a r i m p r e s s i v e l y 

t h o r o u g h , n o n e o f t h e r e s e a r c h c i t e d i n t h a t t e x t a c t u a l l y c a m e 

f r o m e x p e r i m e n t s i n p e r i o d i z a t i o n . T h e m o s t d e f i n i t i v e c a s e f o r 

p e r i o d i z a t i o n c o m e s f r o m H a n s S e l y e ' s 1 9 3 6 o r i g i n a l s y n t h e s i s 

o f t h e G e n e r a l A d a p t a t i o n S y n d r o m e , a s t a t e m e n t o f 

h y p o t h e s i s r e g a r d i n g h u m a n a d a p t a t i o n t o s t r e s s . 

h i s t o r y o f p e r i o d i z a t i o n i s q u i t e i n t e r e s t i n g . T h e 

c o m m u n i s t - b l o c c o u n t r i e s ' s p o r t s s c i e n t i s t s a p p l i e d a f o r m o f 

p e r i o d i z a t i o n t o a v a r i e t y o f t r a i n i n g m o d e l s u s e d i n t h e 

d e v e l o p m e n t o f O l y m p i c a t h l e t e s i n t h e 1 9 4 0 s , 5 0 s , 6 0 s a n d 7 0 s . 

I f y o u c o m p a r e t h e i r m o d e l s o f p e r i o d i z a t i o n w i t h t h e r e v i e w s 

a n d o p i n i o n p i e c e s i n W e s t e r n s p o r t s s c i e n c e l i t e r a t u r e , y o u ' l l 

s e e t h a t t h e i d e a s a n d c o n t e n t p r e s e n t e d i n W e s t e r n l i t e r a t u r e 

a r e e s s e n t i a l l y a d a p t e d f r o m o l d S o v i e t l i t e r a t u r e . 



Do we know what we know? 

Bud Charniga (fig. 1-1) did a great service to American 

sports scientists when he translated a series of Soviet documents 

into English in the 1980s. However, the information presented 

in those works must be applied cautiously. Communist-bloc 

sports science literature is very loosely annotated. It is not 

Figure 1-1. Bud Charn iga , t ranslator of Russian weightl if t ing literature into 

English, sna tching 358 lbs. at a 1976 compet i t ion in Kansas City. 

necessarily bad science, but it is reported in a form that does 
not lend itself to the independent verification of results. There 
is no way to accurately and reliably evaluate their conclusions 
or methods, since they often summarize their findings without 
providing any substantiating data. And sometimes the literature 
to which they refer is not accessible. The bottom line is that the 
works of Leonid Matveyev, Yuri Verkoshansky, Alexey 
Medvedev (fig. 1-2) and other communist-bloc writers have 
been adopted as truth without independent confirmation of 
their theories and practices. And their practices are applied to 
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Figure 1-2. D o n ' t be shy about a sk ing " e x p e r t s " ques t ions . Call them, e-

mail them, meet with them; i t ' s a rare exper t w h o d o e s n ' t like to talk about 

what they know. Even i f you d o n ' t agree wi th wha t they say , you can learn 

something from everyone . A l e x e y M e d v e d e v (left) d i scusses t ra ining theory 

and the good life with Glenn Pendlay . 

Periodization and the American Kid. Periodization fits well 

with a worldview characterized by a high degree of planning, 

an attempt to quantify everything, and the need to control it 

all. (This may be why academics in the American education 

system like it so well too). Communist societies suffered the 

consequences of this manic desire to apply order to systems 

that cannot be easily ordered, systems composed of too many 

variables to handily control. As a weightlifting regimen, this 

kind of program works when it has sufficient numbers of 

available athletes, enough that it can simply replace the ones 

10 

all populations without regard to their original intended uses 
and intended target populations. 
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who can't function within the training paradigm dictated by 

the coach's particular periodization model. It doesn't work as 

well in situations less tolerant of artificially imposed order, as 

in the culture of American youth . 

When evaluating communist-bloc sports science data, 

we must also consider which data may have been acquired 

while the subject athletes were taking part in "better lifting 

through chemistry'' experiments. Training models appropriate 

for chemically enhanced athletes are not applicable to 

frequently tested drug-free athletes. 

Communist-bloc countries had (and still have) large-

scale sports performance selection processes intended to direct 

young athletes into the most appropriate sport, based on 

specific criteria. Once there, athletes achieve and stay in the 

program or fail to achieve and are sent home. The result is a 

pyramidal selection structure that eliminates less competent 

athletes. leaving only those who have the best chance for 

international success. In the United States and most Western 

countries, some sports have a developmental pipeline. Football 

does. Basketball does. In fact, most nationally recognized high 

school sports tha t have a counterpart at the collegiate and 

professional levels have selection pipelines comparable in scale 

to those seen at the zenith of the Soviet bloc's sporting success. 

High school sport in the United States is the base of our 

selection pyramid. However, a huge difference exists in that a 

high school student in the United States represents a different 

population than students of the same age in Soviet systems. 

U.S. kids play sports to get in shape, while kids in Soviet-type 

systems get in shape to play sports. In the former bloc 

countries, sport was one of the few ways to rise above the 

cram faints of the economic system, and this was a very 

powerful motivator. This difference is fundamental and 

significant, creating two distinct populations of athletes that 

11 
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reflect two distinct cultures. Soviet models of periodization 
were developed for and apply best to only one of these groups. 

The U.S. high school student of today does not have the 

general fitness and movement skills developed by the programs 

inherent in communist systems, programs in which children 

learned how to move effectively and began developing base 

fitness at age 6, long before they entered sport-specific training. 

Elementary school PE programs in the United States are 

underemphasized and understaffed. Effective physical education 

is best done in small groups with adequate time. While the 

educational literature supports this concept, the actual norm is 

one instructor, sixty students, and 45 minutes of class time. 

"Roll out the ball" physical education is the mode in which the 

teacher operates in the context of overcrowded classrooms, 

poor administrative support, and inadequate equipment. And 

now that physical labor (farm chores, household 

responsibilities, etc.) has been largely removed from the daily 

life of a child, an incoming high school freshman "athlete" is a 

huge challenge. He typically has no fitness base, few movement 

skills, and presents the coach with a daunting task, in that he 

must be prepared to participate in possibly combative high 

school sports in as little as two weeks from the day the coach 

first lays eyes on him. Periodization cannot be applied to 

incoming freshmen who are going to play fall sports—there is 

no time. But if there happens to be sufficient time prior to the 

playing season, the coach must use the most effective means to 

make the athlete as strong as possible. These methods are 

examined in detail in subsequent chapters. 

Periodization's American Heritage. Periodization is practiced 

widely in track and field and is used by 69% of N F L and 93% 

of N C A A strength and conditioning programs. The concept of 

periodization is sound. Some very avant-garde thinkers and 
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practitioners, such as Carl Miller in 1974 (weightlifting), John 

Garhammer in 1979 (track & field), and Mike Stone in 1981 (all 

sports) turned on the light for those who followed. The idea 

that the practice of a sport itself was sufficient conditioning for 

the sport became inadequate for preparing high-level athletes 

many years ago. The early models of periodization, and 

advanced strength and conditioning techniques, have been 

absolutely essential to sport development in the United States. 

Dr. Stone followed his early work with a few experiments 

further examining the effects of periodization. But by and large, 

research on periodization has been extremely limited in 

volume. What has been produced is narrow in scope and has 

limited broader application. 

Even in the absence of science to support its use, 

periodization has worked in the field, and 30+ years of 

Western athletic success has earned it a place in the elite coach's 

arsenal of training tools. But what is the correct model of 

periodization for an athlete or team, and how does a coach 

learn its actual application? In most university physical 

education programs, periodization is a small footnote 

somewhere in the curriculum, if presented at all. PE courses are 

intended to prepare physical educators and coaches to teach 

general physical fitness and some sports skills. Very few 

courses, if any, are available that teach exercise programming 

beyond ACSM guidelines, which were developed to enhance 

health and wellness, not to optimize sports performance. Even 

the best texts on periodization do not teach the reader how to 

program. Rather they present lots of line graphs and bar charts, 

lots of data tables, lots of physiology, lots of biomechanics— 

lots of meat and potatoes, but no fork with which to eat. 
So the questions remain: How do you design an 

effective program for your athletes, students, or clients? When 
is it appropriate to periodize that program? What follows in 
this text is a logical approach to understanding the concepts of 

13 
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programming, including periodization, and examples of how it 
is used. We have made every attempt to incorporate the 
relevant science into a practical approach to programming 
barbell exercise. It is derived from our academic training, a 
combined 60+ years of experience in the weight room, 
participation in more than 300 competitive events in 
powerlifting and weightlifting, and experience in coaching 
hundreds of elementary, middle school, high school, collegiate, 
amateur, and professional athletes toward their goals, and from 
working with thousands of average people who just want to be 
stronger. 

Cooking Up Training Programs for the Gym 

This is not a typical programming "cookbook." There 

are many weight training books for sale—some at rather 

exorbitant prices—that lay out a program in current use by a 

winning sports team or an individual of some note (athlete, 

actor, model, etc.). These are "cookbooks"; they propose to 

provide recipes for training success. Follow the recipes, they 

promise, and you will be as good as the Spurs and as ripped as 

Vin Diesel. 

Actual cookbooks are usually written by skilled chefs 

who design the dishes with their trained staff, test them 

privately, and then cook them publicly—say, in restaurants or 

on TV shows—using their skills and experience, specific tools, 

fully equipped kitchens, and just the right high-quality 

ingredients. Many people have attempted to cook gourmet food 

from cookbooks and had results that failed to resemble the dish 

produced by the author. Why did the recipe fail? After reading 

a recipe, do you magically develop the skills of a chef? Did you 

use the right tools? There is a big difference between a good 

Solingen steel French knife and a can opener. And the 

14 
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ingredients might not be quite the same. When the recipe called 

for a shitake mushroom, did you use a can of stems and pieces? 

When the recipe called for Maui onions, did you use onion salt? 

If a coach decides to use a weight training cookbook, the 

following are required: 1) the coach must be trained and think 

the same way as the original coach (the chef who wrote the 

recipe), 2) the training equipment (cooking tools) used in the 

program must be available, and 3) the athletes to be trained 

(ingredients) must be exactly like the athletes who trained with 

the original program, the one that actually might have worked. 

Failure to meet these requirements will result in a less-than-

ideal performance (inedible mess). Following someone else's set 

program is usually a recipe for failure. 

Reading the training cookbooks and seeing how other 

people solve the programming puzzle is part of the education 

process, but coaches and athletes must understand why 

successful programs are put together the way they are so they 

can develop their own programs specific to their circumstances. 

Copying and cannibalizing successful programs without 

understanding why they were successful is never a good idea. 

An understanding of the realities and practicalities of 

progressive training and periodization is. 

A Theoretical Approach. In this book, the terms "novice," 
"intermediate," "advanced," and "elite" relate to the trainee 
with respect to the time it takes for recovery from a 
homeostatic disruption induced by training. We do not use 
these terms as descriptors of a trainee's strength or absolute 
athletic ability. These terms may in fact be applied differently 
to athletes in different sports, but our use of the terms here is 
specific to the model illustrated here in figure 1-3. 

Because a novice lifts weights that are light relative to 
his genetic potential for strength and power development, the 
rate of recovery following training can be rapid. Essentially, 
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this trainee can recover from a single training session in a 
period of 24 to 72 hours. The novice trainee can train "heavy" 
on Monday and be ready to go heavy again on Wednesday. 
These trainees are quite far away from their genetic potential, 
and therefore lack the strength and the neural efficiency to 
generate a stress heavy enough to impede rapid recovery. For 
them, "heavy" is not really heavy. At the same time that 
strength and power are improving, recovery ability is 
improving too. Recovery processes are as trainable as any other 
physical parameter, and this is an extremely significant factor in 
training progress. But it is important to remember that 
recovery processes can always be exceeded by the injudicious 
application of training stress. Recovery must occur before 
progress can be made. 

Simply put, a novice, as we use the term here, is a 

trainee for whom the stress applied during a single workout 

and the recovery from that single stress is sufficient to cause an 

adaptation by the next workout . The end of the novice phase is 

marked by a performance plateau occurring sometime between 

the third and ninth month of training, with variations due to 

individual differences. Programming for the novice is 

essentially the linear progression model that is described in the 

ACSM manual and defined specifically for weight training in 

our book Starting Strength: A Simple and Practical Guide for 

Coaching Beginners (Aasgaard Co., 2005). It is important to 

understand here that the novice is adapted to inactivity (as it 

relates to weight training) and therefore progress can be made 

with training programs that are not specific to the task 

involved. For example, doing high-volume hypertrophy work 

would also increase a novice's absolute strength for one 

repetition. A previously sedentary beginner can even improve 

16 
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his 1RM (one-repeti t ion m a x i m u m ) squat by r iding a bike. This 

w o u l d no t be the case w i t h in te rmedia te or advanced trainees, 
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Figure 1-3. The general ized relat ionship be tween performance improvement 

and training complexi ty relative to t ime. Note that the rate of adaptation to 

training s lows over a training career . 
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where progress in strength, power, or mass is absolutely linked 
to appropriate application of specific training programs. 

Novices accomplish two things with every workout: 
they "test" their strength, and the test loads the body to 
become stronger in the next workout. The act of moving 10 
more pounds for the prescribed sets and reps both confirms 
that the previous workout was a success at improving the 
novice's strength and causes his body to adapt and become 
stronger for the next workout. 

As the intermediate lifter begins to handle training loads 

closer to his genetic potential, his recovery ability is also 

affected differently by the stress. Recovery requires a longer 

period of time—a period encompassing multiple workouts 

(efficiently managed using a weekly schedule). This is because 

the athlete has developed the ability to apply stress to the 

system that requires a longer period of time for recovery. For 

an intermediate trainee, the stress required for a disruption of 

homeostasis exceeds the capacity for recovery within that 

period of time (say, within the week). To allow for both 

sufficient stress and sufficient recovery, then, the training load 

must be varied over the week. This variation can take several 

forms, but the critical factor is th 2 distribution, which allows 

enough stress to be applied in a pattern that facilitates recovery. 

The key to successful training in this stage of development is to 

balance these two important and opposing phenomena. Simple 

weekly periodization of training loads facilitates recovery 

following one or more heavier training bouts within a single 

week. 

Intermediate trainees benefit from exposure to more 

exercises than novices. These athletes are developing their skills 

with new movement patterns, and as this happens they are 

developing their ability to acquire new skills. It is during this 

period that trainees actually become athletes, choosing a sport 
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and making decisions that affect the rest of their competitive 

careers. These decisions are more effectively made if based on a 

broad exposure to a wide variety of training and competition 

options. 

The end of the intermediate phase of training is marked 

by a performance plateau following a series of progressively 

more difficult weekly training organizations. This can occur in 

as little as two years or in as many as four or more, depending 

on individual tolerances and adherence to year-round 

progressive training. It is likely that 75% or more of all trainees 

will not require programming complexity beyond this level 

(remember, the amount of weight lifted or years of training do 

not classify a trainee). Virtually all sports-specific weight 

training can be accomplished with this model. Athletes in non-

weightlifting sports will not train progressively in the weight 

room all year; they will focus much of their training on their 

primary competitive sport. This effectively extends the 

duration of this stage in the trainee's development to the extent 

that even very accomplished athletes may never exhaust the 

benefits of intermediate-level weight lifting programming. 

Advanced trainees in the barbell sports work relatively 
close to their genetic potentials. The work tolerance of the 
advanced trainee is quite high, given that the ability of an 
athlete to recover from training is itself trainable. However, the 
training loads the advanced athlete must handle in order to 
produce an adaptation are also quite high, since the adaptation 
that brought the athlete to the advanced stage has already 
occurred. This level of training volume and intensity is very 
taxing and requires longer periods of recovery than do 
intermediate training loads. Both the loading and the recovery 
parameters must be applied in more complex and variable ways 
and over longer periods of time. When combined, the loading 
and recovery periods required for successful progress range in 
duration from a month to several months. For example, we 
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may apply a single week of very heavy training to induce 
adaptation. That week of training may require three or more 
weeks of work at lighter loadings for complete recovery and 
improvement to occur. The average slope of the improvement 
curve here is very shallow (fig. 1-3), closely approaching 
maximum genetic potential at a very slow rate, and rather large 
amounts of training effort will be expended for rather small 
degrees of improvement. For this reason too, the number of 
exercises advanced trainees use is typically lower than for 
intermediates; they do not require exposure to new movement 
patterns and stress types, since they have already specialized 
and adapted to those that are specific to their sport. 

Complex manipulation of training parameters is 

appropriate for use with these trainees. The majority of trainees 

will never attain the level of development that makes advanced 

periodization necessary, since most trainees voluntarily 

terminate their competitive careers before the advanced stage is 

reached. 

The elite athlete is in a special subset of the advanced 

category. Elite athletes are the genetically gifted few who also 

happen to be motivated to achieve success despite enormous 

physical and social costs. They have stayed in their sport by 

virtue of their success and have dedicated themselves to training 

at this level because their training investment has been 

returned. An advanced lifter is one who has progressed beyond 

the intermediate; an elite lifter is one who performs at an elite 

level within the standards of the sport. (By this definition, the 

elite designation could actually be applied to an intermediate 

lifter performing at the national/international level. There 

occasionally exist a few athletes so talented and genetically 

endowed that this situation occurs.) 

Previous training has brought the elite athlete very close 

to genetic potential, and additional progress requires much 
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greater program complexity to scratch out those small 

improvements that might still remain unrealized. These athletes 

must be exposed to training programs that are very complex— 

highly variable in terms of stress, although probably simple in 

terms of exercise selection—forcing the already adapted athlete 

closer to the ultimate level of performance. At this point the 

program may be considered in terms of several months, a year, 

or even an Olympic quadrennium. Any approach to the 

training of an athlete of this caliber is a highly individualized 

matter and is beyond the scope of this text. We propose that far 

less than 1% of all trainees regardless of training history reach 

this level. 

Unlike beginners or intermediates, advanced and elite 

trainees need large amounts of intense work to disrupt 

homeostasis and force adaptation. This means that the stress 

required for progress will creep nearer and nearer to the 

maximal tolerable workload that the body can perform and 

recover from. An elite athlete who is doing ten sets of squats 

and making progress may not make any progress with nine sets 

and may "overtrain" by doing eleven. The window for progress 

is extremely small. 

If workload is not increased, then neither performance 

nor comprehensive recovery processes will improve, since no 

disruption of homeostasis is forcing them to do so. The manner 

in which increases in training load are applied is determined by 

the level of training advancement. The ability of a novice to 

adapt to training differs enough from that of the intermediate 

and advanced trainee that similar training organizations will fail 

to produce results for both. Each level of training advancement 

requires its own specific approach. 
Periodization is a useful tool in achieving training goals, 

but like any tool it must fit the job it is being used for. By 
understanding the theoretical basis and proper application of 
the models of programming, anyone who coaches weight 
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training can become better equipped to improve the fitness and 

performance of those entrusted to their guidance. 

"Sometimes exercise can be painful, but it's worth it in the end." 

-The Grim Adventures of Billy and Mandy 
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2 - Training and Overtraining 
A Quest ion of Balance. 

When considering the reality of the need for different 

programming approaches for trainees of different levels of 

advancement (novice-intermediate-advanced), one must clearly 

understand the processes working to affect physical readiness. 

The coach and athlete need to have a firm grasp of how 

training affects the basic anatomy, physiology, and physics 

relevant to human movement. An effective coach must be able 

to use that information to teach athletes. All such human 

responses to training can be considered within the context of a 

single overarching theory, the General Adaptation Syndrome 

proposed by Hans Selye in 1936. The basic premise of this 

theory states that the body goes through a specific set of 

responses (short-term) and adaptations (longer-term) after being 

exposed to an external stressor. In our context, the external 

stressor is lifting weights. 

General Adaptation Syndrome 

Selye considered exercise to be a "nocuous" or 
poisonous stressor capable of causing death if the loading was 
too large or applied too frequently. The observations he based 
his theory on were essentially the result of gross observations 
of animals and optical microscope examinations of stressed 
cells. He was working without knowledge of the basic details of 
human metabolism and the mechanism of skeletal muscle 
contraction, which were not yet understood when his paper 
was published. Despite the comparatively sparse information 
on which he based his observations, his ideas were and are quite 
sound. Now, scientific data allows us to better interpret and 
apply Selye's theory. Our understanding of the acute phase 
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Stage 1 - Alarm or Shock. This is the immediate response to 

the onset of stress, in which a multitude of events occur. Selye 

noted that a major characteristic of stage 1 was a rapid loss of 

"muscular tone" lasting up to approximately 48 hours. 

Inflammation occurs at this stage, as well as the acute phase 

response and the stress protein response, processes which 

enable adaptation at the cellular level. One of the major results 

of these latter responses is a general suppression of basic cellular 

processes in order to stabilize cellular structure and metabolic 

processes until the withdrawal of the stressor. This is a survival 

process, and one that can also serve as a marker of an effective 

exercise stimulus. Mild musculoskeletal discomfort may 

accompany this stage, indicating the disruption of homeostasis 

and the possible micro-ruptures of muscle cell membranes, 

events that are thought to stimulate structural and functional 

changes in the muscle after training. A trainee may not perceive 

soreness or pain in this stage; he is more likely to describe the 

sensation as stiffness or feeling flat or having "heavy legs." 

Regardless of subjective perception, a transient reduction in 

performance accompanies this stage, although it may be 

2 4 

response and the stress protein response, both possessing very 

identifiable time courses, along with the modern understanding 

of post-stress cellular events, has added weight to Selye's 

concepts. 

Selye's premise is that repeated sub-lethal exposures to a 

stressor leads to a tolerance of subsequent exposure to the same 

stressor (this lends support to the concept of specificity—a 

training stress needs to be similar to the performance being 

trained for to elicit an effective adaptation). The theory holds 

that the body will go through three stages, with the first two 

stages designed to contribute to survival and the third 

representing the failure of the body to withstand or adapt to 

the stressor. 
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imperceptible within the constraints of a barbell's 5-lb 

incremental loading system. Performance deficits will be more 

discernible in technique- and power-based exercises and less 

noticeable in absolute strength exercises. 

Selye did not foresee his theory being central to exercise 

programming in heal thy individuals. If he had, the duration of 

this first stage might have been described wi th more variation 

in durat ion dependent on w o r k capacity. Wi th novice trainees, 

disruption of homeostasis can occur wi th smaller loads than 

those used by advanced trainees, since condit ioning has not yet 

developed w o r k tolerance. As the level of advancement 

increases (from novice to intermediate to advanced), so does the 

magnitude or durat ion of stress needed to induce stage 1. 

Stage 2 - Adaptation or Resistance. In this stage, the body 

responds to the training load th rough the upregulation of gene 

activity, increased product ion of select hormones , and 

accumulation of structural and metabolic proteins. In essence, 

the body is a t tempting to ensure survival by equipping itself to 

withstand repeated exposure to the stress. In the context of 

exercise, fitness and the ability to perform increase when this 

occurs. Selye generalized that the Adaptat ion stage begins at 

about t w o days post-stress and that if the same stressor is 

reapplied periodically, complete adaptation could occur within 

four weeks or less. 

We believe that adaptation occurs on a sliding scale that 

varies wi th the level of existing w o r k tolerance and the 

proximity to individual genetic potential. Someone far away 

from genetic potential (the novice) will adapt quickly, within 

about 72 hours, as a stressor large enough to disrupt such an 

individual's homeostasis is not really all that large and is 

recoverable from within that t ime frame. On the other end of 

the spectrum, the advanced trainee might require one to three 

months, and possibly longer, to adapt to a training stress that is 
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The application of Selye's theory to exercise training 

can easily be presented in a graphic or decision tree format (fig. 

2-1). Progressive training wi th in the context of the General 

Adaptation Syndrome requires that an increase in training load 

be applied as soon as it is apparent that recovery has occurred. 

Continued use of the initial, adapt ed-to load will not induce 

any disruption of homeostasis and therefore cannot lead to 

further progress. Using the same training load after adaptation 

has occurred is counter to effective coaching practice if 

performance or fitness improvement is the goal. 

The Single-Factor Model of Training 

If a single episode of weight training can disrupt 

homeostasis in the novice, there is a predictable set of outcomes 

beyond the simple concept of performance stasis presented in 

figure 2-1. We can examine this concept in both simple and 
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sufficiently large and cumulative to exceed his highly developed 

work tolerance. 

Stage 3 - Exhaustion. If the stress on the body is too great, 

either in magnitude or frequency, the body will be unable to 

adequately adapt and exhaustion will occur. Selye posited that 

an overwhelming stress of one to three months in duration 

could cause death. This is an interesting observation if we 

consider maximal exercise to be an overwhelming stress. In 

practice, this is most applicable to intermediates and advanced 

trainees and means that a period of relentless maximal w o r k of 

four weeks or longer should be avoided. The b o t t o m line is 

that no one wants to be in Stage 3, which we typically call 

"overtraining." 
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Figure 2-1. Within the parameters of Selye's theory, there are three possible 

outcome pathways following a training stress: no progress, progress, or loss 

of progress. 

broad terms as it affects a single factor: an individual's ability to 

lift a weight relative to his single repetition maximum (1RM). 

In the novice, a single training session will disrupt 

biological equilibrium locally within the muscle and 

systemically within the body. The result of this is a transient 

and very slight depression of performance. (It is only slight 

because novice performance levels are already low—as well as 
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typically inconsistent—and small losses are hard to measure at 

this level.) This depression occurs immediately after the 

training session and represents stage 1 of Selye's theory. In the 

hours and days after the training session, performance abilities 

will recover to normal and then performance ability will 

exceed the pre-stress level. This is supercompensation . At this 

point the trainee has successfully completed Selye's second 

stage and has adapted to the initial workload (fig. 2-2, line A). It 

is important to understand that the trainee is no t getting 

stronger during the workou t . He is getting stronger during the 

recovery period after the workou t . T h e next logical step is to 

increase the workload in the following workout—or simple 

progressive overload. Applying the same workload again 

produces no progress, since this stress has already been adapted 

to, but merely reinforces the existing level of fitness. At this 

point, a small increase in exercise load will once again take the 

trainee through Seyle's stages 1 and 2 to repeat the 

overload/adaptation cycle at a slightly higher level. 

This organization of training can cont inue for m a n y 

months , until the trainee's progress plateaus. At this poin t it is 

likely that it will require a series of t w o or three training 

sessions specifically arranged to have a cumulative effect, plus a 

longer work / recovery cycle of perhaps a week 's durat ion, to 

adequately take the trainee th rough Selye's first t w o stages. 

This represents the response of the intermediate trainee (fig. 2-

2, line B). The intermediate per iod of a trainee's career, 

depending on the purpose of training, can be quite long, 

possibly years. 

As the body gets bet ter at producing force against a 

load, it is also getting better at recovering from that stress. As 

both performance competence and recoverability increase wi th 

progressive training over t ime, eventually it will take weeks to 

adequately disrupt homeostasis to stimulate adaptation, and 

then another length of t ime for recovery and 
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supercompensation. The advanced trainee may require even up 

to a month ' s t ime to progress through stage 1 and stage 2 (fig. 2-

2, line C). 

The Two-Factor Model of Training 

T h e two-factor model derives from and elaborates on 

the single-factor model , in that it considers the reasons for the 

performance response typical of training, not just the 

performance response itself. Two-factor models of training 

responses and adaptations are no t new. Vladimir Zatsiorsky 

proposed such a model in his years at the Central Institute for 

Physical Cul ture in Moscow and reiterated it in his text The 

Science and Practice of Strength Training (1995). In his model, 

"fitness" and "fatigue" are the factors that affect "preparedness." 

Al though the details of his theory are not well defined, the 

basic concept is sound. 

If we consider performance competence the result of 

"metabolic and structural fatigue" and "comprehensive 

recovery processes," we can better understand the rationale for 

using different p rogramming models for specific levels of 

trainee advancement. "Metabolic and structural fatigue" can be 

defined as the localized intramuscular and synaptic 

perturbations that are associated wi th the reduced performance 

capacity evident in Selye's stage 1. Such fatigue is short-lived, an 

acute variable. "Comprehensive recovery processes" are the 

collective repair status of the various organ systems and 

processes affected by the training bout: endocrine and immune 

systems, chronic inflammatory processes, and protein synthetic 

responses. Fatigue and recovery together contribute to 

adaptation and progress, with supercompensation considered 

complete adaptation to the workload used in the training 

session or series of sessions—stage 2 of Selye's theory (fig. 2-3). 
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Figure 2-2. The intended result of a training stimulus is to induce 

supercompensation in the form of performance competence above baseline. 

As the trainee progresses from novice to advanced, the duration of training 

required to induce supercompensation increases. In fact, the duration of the 

supercompensation cycle is one way to classify trainees' levels. In the 

novice, a single training stimulus results in supercompensation in 24 to 72 

hours (A), just in time for the next training session. For the intermediate 

trainee, multiple training sessions in a week are required to induce 

supercompensation (B). For the advanced trainee the cumulative effects of 

weeks of training are needed to induce supercompensation in a month 's 

time or longer (C). 
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For optimal fitness and performance gains, "metabolic and 

structural fatigue" must abate before the effects of 

"comprehensive recovery processes" diminish (fig. 2-4). 

There is an interaction between these two factors in that 

fatigue, al though short term, prevents the performance 

improvements that could occur early on from recovery 

processes. It is not unti l fatigue has largely dissipated that 

recovery processes are larger in relative magnitude and exert a 

small, but positive effect on performance. At this point the 

body has adapted to the applied work load and gained fitness. It 

can therefore tolerate another small increase in workload in the 

next training session. This oppor tun i ty to increase workload 

must not be ignored, as training progress is directly linked to 

applying appropriate workloads at the appropriate time. For 

the novice, that means a small increase in load at each training 

session. Failure to take advantage of this oppor tuni ty will limit 

training benefit and extend the t ime a trainee will remain in the 

novice stage of training. 

T h e more advanced an athlete becomes, the greater the 

importance and usefulness of the two-factor model and its 

approach to balancing the t w o opposing forces of constructive 

human adaptation: 1) the workload must be sufficient to 

disrupt biological equilibrium enough to necessitate an 

adaptation, and 2) recovery must be sufficient to enable the 

adaptation to occur while avoiding overtraining (fig. 2-4, 5, 6). 

The athlete walks a knife's edge here. For the novice, it is very 

dull and wide, not really much of an edge at all, and rather easy 

to negotiate. The edge for the intermediate trainee is sharper, 

requiring a more complex approach. For the advanced trainee, 

it is razor sharp and requires a careful manipulation of all the 

programming variables (fig. 2-7). 
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Figure 2-3. The two-factor model of the human responses and adaptations 

to a single bout of training. During and immediately after training, there is a 

suppression of comprehensive recovery processes (Selye's stage 1). Shortly 

after training ceases there is a general increase in recovery process activity 

(Selye's Stage 2). An important observation here is that the increase in 

fatigue that results from training has a negative effect on performance. This 

deficit is not made up until recovery processes near completion. 
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Figure 2-4. Two factors affecting both performance and tolerable workload 
in the beginner are 1) metabolic and structural fatigue and 2) comprehensive 
recovery processes. There is an inverse relationship of fatigue to 
performance: as fatigue increases, performance decreases. The relationship of 
recovery to performance is linear: as recovery increases performance 
increases. 
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Figure 2-5. The two-factor model of an intermediate trainee's responses and 
adaptations to a series of training stresses over a week's duration. While 
similar to the single-workout cycle of the novice, note that fatigue does not 
entirely dissipate between each training session, nor do recovery processes 
catch up until the conclusion of the week. This defines the difference 
between the novice and the intermediate trainee. The workout load presented 
here is a medium-heavy-heavy-light organization that would repeat the 
following week. 
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Figure 2-6. The advanced trainee responds to periodized programming over 

a longer period of time than either the novice or the intermediate trainee. 
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Figure 2-7. The relationship between workload and work tolerance. 

Regardless of training classification there is a ceiling of work tolerance 

(designated by arrows) that once breached decays into "overtraining" and an 

inevitable loss of work tolerance and performance capacity. Note that 1) 

work tolerance increases significantly throughout the training career, and 

increased tolerance is due to a progressive increase in workload and, 2) a 

descent into overtraining and the manifestation of performance decrements 

will occur more rapidly and precipitously as the training career advances 

(note the sharper drop-off after the work tolerance peak is reached). 

Although overtraining can be a problem at every stage, prevention is critical 

at the advanced and elite stages, as the rate of performance decay is very 

rapid once work tolerance is exceeded. Conversely, the diagnosis of 

overtraining may be problematic at the novice and intermediate stages, as 

the reduction in performance capacity occurs at a much slower rate after 

work tolerance is exceeded, and easily could be missed or misinterpreted. 

3 6 
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Understanding Overtraining 

Key to understanding progress in any athletic endeavor 

is the concept of overload . Overload represents the magnitude 

of work required to disrupt biological equilibrium and induce 

an adaptation. For progress to occur, the physiological system 

must be perturbed, and in weight training the perturbation is 

heavier weight or more volume (or, for an intermediate or 

advanced trainee, less rest between sets) than the athlete is 

adapted to . The overload is applied to the system through 

training, wi th the specific w o r k that disrupts equilibrium 

referred to as an overload event . F o r novice trainees, each 

workou t constitutes an overload event. F o r intermediate and 

advanced athletes, the heavier elements in a week or more of 

training might consti tute the overload events. 

But wi thou t recovery from an overload event, the 

overload does not contr ibute to progress. Overload wi thout 

adequate recovery just induces overtraining. The term 

microcycle , traditionally defined as a week of training, is better 

thought of as the period of t ime required for the overload event 

and the recovery from that overload event combined. This 

period will vary wi th the level of training advancement of the 

trainee. For a novice, a microcycle is the period of t ime 

between t w o workou ts . The more advanced a trainee becomes, 

the longer the microcycle becomes, until the term loses its 

usefulness for elite athletes, w h o might require a period of time 

for this process that would more traditionally be described as a 

mesocycle. For us then, these terms lack the concise nature 

required for utility. 

Overtraining is the bane of both the athlete and the 

coach. When the demands of training outstrip the ability of the 

body to adapt, the trainee is at risk of not only ceasing to 

progress but actually regressing. To put it in the terms we have 

been using, the overtrained athlete has entered into Selye's stage 
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3. If we consider the single-factor model of training, an 

imbalance between training volume or intensity and recovery 

has occurred, such that performance, while expected to drop 

initially, will not recover and supercompensation cannot occur. 

Performance will remain depressed from the initial overload 

and will suffer further decline wi th continued loading. Or , in 

the two-factor model, overtraining can be understood as the 

failure of comprehensive recovery processes to overcome 

metabolic and structural fatigue. The effects of fatigue are so 

pronounced that recovery processes, which may be either 

unaffected or diminished, are nevertheless overwhelmed, 

leading to persistent and potentially escalating fatigue. The end 

result is the inability to train and to perform at the previous 

level. 

There are three possible effects of exercise stress: 1) 

fatigue, 2) overreaching, and 3) overtraining. Each of these is 

associated with a reduction in performance ability, but only 

one is a training problem. 

Fatigue. Fatigue is usually defined physiologically as a 

reduction of the force-production capacity of a muscle. It could 

be described as simple and transient "tiredness" resulting from 

physical effort—a necessary componen t of training, which 

induces Seyle's stage 1. In the novice it is expected that fatigue 

will abate within 24 to 72 hours . In the intermediate lifter 

fatigue may no t dissipate completely unti l the complet ion of 

the training week. A n d in the advanced trainee complete 

recovery to supercompensation m a y no t occur for a m o n t h or 

more. For the intermediate and advanced trainee it is no t 

expected nor desired that each w o r k o u t begin free from fatigue. 

If an intermediate, advanced, or elite trainee is persistently 

fatigue free, the loading scheme is no t rigorous enough to 

induce homeostatic disruption and adaptation. In fact, if an 
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athlete is chronically fatigue-free, he is by definition still a 

novice. 

Overreaching. This term has been described as the cumulative 

effects of a series of workou t s , characterized by a short-term 

decrease in performance, feelings of fatigue, depressed mood, 

pain, sleep disturbances, and other miscellaneous effects that 

require up to t w o weeks to recover from. Certain hormonal 

changes such as a short- term reduction in testosterone and 

increase in Cortisol occur at this level (these are among the 

factors that produce the positive systemic effects of barbell 

training). A significant p rob lem wi th this definition is that it 

differs from that of overtraining only in tha t "overreaching" 

can be recovered from wi th approximately t w o weeks of 

reduced w o r k or rest—a rather arbi trary distinction—whereas 

recovery from overtraining takes longer. 

In addition, this definition of overreaching does not 

consider the level of training advancement of the individual and 

the recovery abilities associated wi th that level. The novice 

trainee will no t experience so-called overreaching on a properly 

constructed novice program, since recovery to 

supercompensation occurs wi th in the 24- to 72-hour period. It 

is impor tant to understand that the novice trainee will not 

overreach unless far more than the recommended load is used, 

because the hallmark of novice status is the ability to recover 

quickly from the incremental increase in workload used to 

produce gradual, steady progress. Even when a late-stage novice 

plateaus within a simple progression regimen, a single 

additional short-term reduction in training load is adequate to 

restore homeostasis. The intermediate trainee can recover from 

a stage 2-level homeostatic disruption in the time allotted for a 

weekly training period, since intermediate-level trainees 

characteristically respond to short-term cumulative training 

loads. The advanced trainee, after a long cumulative disruption 
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of homeostasis, might require four or more weeks to recover 

and supercompensate, more than the two weeks allowed for by 

the definition. The utility of the term "overreaching" is 

therefore questionable, since it applies to only a very small 

subset of trainees during a short period in their training career. 

Moreover, the concept of overreaching defined as a 

negative effect misses the point . Overreaching simply 

represents the target stress necessary to disrupt homeostasis, 

intentionally breaching the maximal workload the trainee has 

adapted to in order to induce supercompensation. It is more 

relevant, practical, and understandable to discard the te rm and 

simply use the te rm "overload," since it describes both the load 

and the stimulus for inducing adaptation in all trainees, 

regardless of advancement level. Every fitness or performance 

enhancement training program should include periods of 

overload, as is required by any practical application of Selye's 

theory, and these periods should be unders tood as adaptive, not 

detrimental. Judging this level of effort can be difficult and 

requires vigilant moni tor ing , as a rapid descent in to 

overtraining can occur if loading is too severe or recovery is 

inadequate. 

Overtraining. Over t ra ining is the cumulative result of 

relentless high-volume or high-intensity training, or bo th , 

without adequate recovery, that results in the exhaustion of the 

body's ability to recover and adapt. T h e pr imary diagnostic 

indicator is a reduction in performance capacity that doesn' t 

improve with an amount of rest that would normal ly result in 

recovery. Although the accepted (ACSM) definition of 

overtraining holds that recovery from it requires no less than 

two weeks, overtraining is relative to the level of the trainee, 

and there are no hard and fast rules governing its onset or its 

abatement. Even a heinous abuse of a novice wi th an 

overwhelming workload, one that induces a loss of 



A question of balance 

41 

performance ability, would resolve fairly quickly. Although the 

time frame would be compressed, the symptoms observed by 

the coach would be those of overtraining. Although 

overtraining in the novice can occur, it may not be easily 

diagnosed because the magnitude of the loss of performance 

might be difficult to perceive, due bo th to a lack of training 

history for comparison and the low level of performance 

overall (fig. 2-7). Once again, as wi th overreaching, the 

overtrained intermediate fits the commonly accepted 

A C S M / U S O C definition: an overtrained intermediate will not 

be able to recover in less than t w o weeks. In the advanced 

trainee, however, recovery is never planned to be complete for 

a m in imum of four weeks anyway, and for the elite trainee, it 

may be considerably longer than that . T h e existing definition is 

inadequate for these trainees. It is also easier to diagnose 

overtraining in advanced and elite trainees, since the 

performance reduction is quite noticeable against the 

background of an extensive training his tory and, presumably, 

an established rate and pat tern of progress. 

A working definition of overtraining that applies to all 

levels of training advancement requires a better way to quantify 

recovery t ime in each stage. Overtraining occurs when 

performance does not recover within one reduced-load 

training cycle. The durat ion of that cycle will vary according 

to the athlete's level of advancement. For example, if a novice 

training every 48 hours has a w o r k o u t that is markedly off due 

to excessive load in the previous workout , this will be apparent 

during warm-up. His range of mot ion will be decreased due to 

the soreness, and his bar speed will be noticeably slower and 

more labored as the weight increases through the sets. The 

coach should then stop the workout , having determined the 

problem (in the last workout he did five extra work sets while 

another trainee was being coached in the other room, for 

example) and sends him home with orders to rest until the next 
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workout 48 hours later. He comes back in for his next 

workout, and warm-ups reveal that he is fine today, recovered 

and capable of the sets he should have done the previous 

workout. He was overtrained, and now he is recovered. This is 

possible because he is a novice, and this recovery time frame is 

consistent with a novice's ability to recover, bo th from normal 

overload and from overtraining, since the mechanism is the 

same. 
If an advanced trainee on a four-week cycle of loading, 

declines from expected levels during a cycle, either the athlete 

has come into the cycle overtrained or the current cycle has 

exhausted recovery capacity. In such a case, four more weeks of 

reduced training load will be required to facilitate recovery. Fo r 

both the novice and the advanced trainee, a repeated and 

dramatically reduced load cycle of equal durat ion should 

immediately follow the diagnosis of overtraining in order to 

reestablish homeostasis. Elite lifters using very long training 

cycles can ill afford the t ime required to deal wi th a 

programming error that might take m o n t h s to notice, and even 

longer to correct. 

Overtraining is yet another example of the differences 

between novice and advanced athletes, in that the more 

advanced an athlete becomes, the more costly overtraining 

becomes. A novice might be inconvenienced by a missed 

training goal, but that inconvenience lasts for a couple of days, 

and is of no concern outside the na r row bounds of a beginner 

wi thout any clear competi t ive aspirations and no consequences 

to anything other than the next w o r k o u t . Intermediate athletes 

have commit ted to their training to the poin t of selecting a 

sport, and are in the process of becoming competi tors . An 

advanced athlete is by definition always training for a 

competition, has invested m a n y thousands of hours , many 

thousands of dollars, and many gallons of sweat in training up 

to this point, and has much to lose as a result. Elite athletes 
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may have titles, sponsorship money, endorsements, and post-

competitive careers riding on their performance at the next 

competit ion. As careers advance, so does the price of failure, 

even if it is temporary . 

Is consideration of overtraining important? According 

to the U S O C / A C S M Consensus Statement on Overtraining, 

10 to 20% of all athletes are suffering from overtraining on any 

given day. This is a p roblem. H o w many coaches can afford to 

have 20% of their team performing below par on game day? 

Having a significant n u m b e r of athletes overtrained at any 

given t ime has impor tan t ramifications for team success, as well 

as for the careers of the individual athletes. T h e culprit here is a 

lack of appropriate application of the principles of exercise 

programming to the training of athletes. 

Diagnostic signs of overtraining in non-novices are 

severe, when finally apparent: obviously compromised 

performance, disrupted sleep, increased chronic pain, abnormal 

mood swings, elevated heart rate, change in appetite, and other 

physical and mental abnormalit ies. However , no t all trainees 

will display the same symptoms even if they become 

overtrained on the same program. Once again, the coach's eye 

is essential in determining changes in the performance and well-

being of the trainee. Once overtraining is diagnosed, it is 

imperative to take remedial action, as longer periods of 

overtraining require longer periods of recovery. It quite 

possibly can take as much as twice as long to get a trainee out 

of overtraining as it took to produce the condition. H o r r o r 

stories about severe overtraining abound, wi th examples of 

athletes losing entire training years. No effort must be spared in 

recognizing and treating this very serious situation. 
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Sleep. It should be intuitive, but trainees and coaches alike 

often overlook the importance of sleep during periods of 

increased physical demand and stress. Whi le rather limited in 

scope, the scientific literature on this topic does support the 

following observations: 

1) Lack of adequate sleep during recovery leads to a 

decrease in competitive ability, reduced determination 

and lack of tolerance for intensity in training. 
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Factors Affecting Recovery 

The topic of overtraining is usually treated in a fairly 

narrow sense, with only the ratio of work to recovery 

discussed. These are the two controlling factors in disrupting 

homeostasis and forcing adaptation, but, ultimately, recovery is 

multifactorial and is affected by much more than just t ime off 

between workouts . The importance of attention to detail 

during rest and recovery is essential in avoiding overtraining. 

Unless the coach and trainee both understand and actively 

attempt to facilitate optimal recovery, no method of training 

can produce optimal results or be effective in preventing 

overtraining. 

Aside from the w o r k / r e s t ratio, several factors affect or 

contribute to recovery, the most impor tan t being adequate 

sleep, hydrat ion, and proper intake of prote in , energy, and 

micronutrients. Each of these factors is under the direct control 

of the trainee (but no t the coach). A good coach will explain 

w h y these things are impor tan t for progress, a t tempt to 

reinforce their importance on a regular basis, and then realize 

that better athletes will treat this responsibility as they should, 

and that average athletes will not . T h e best training program in 

the entire universe will be a dismal failure if athletes fail to hold 

up their end of the deal. T h e success of any program is 

ultimately the trainee's responsibility. 
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2) Lack of adequate sleep negatively affects mood state, 

leads to a greater level of perceived fatigue, promotes 

depression, and can induce mild confusion. 

3) Lack of adequate sleep can decimate motivation to 

train and compete. 

A spectrum of physiological changes occur during sleep. 

Among them, hormona l secretion is perhaps the most 

important for recovery from physical exertion. An increase in 

anabolic (muscle-building) h o r m o n e concentrat ions and a 

decrease in catabolic (muscle-wasting) h o r m o n e concentrations 

and activity take place during the sleep cycle. Levels of the 

anabolic h o r m o n e testosterone begin to rise on falling asleep, 

peak at about the t ime of first R E M , and remain at that level 

until awakening. This means that sleeping shorter durations 

limits the recovery contr ibut ions possible from testosterone. 

Another anabolic h o r m o n e , somatot ropin , or human growth 

hormone , also has a characteristic secretion pat tern during 

sleep. Shortly after deep sleep begins, growth ho rmone 

concentrations begin to rise, leading to a sustained peak lasting 

1.5 to 3.5 hours . A major function of growth ho rmone is the 

mitigation of the negative effects of the catabolic hormone 

Cortisol. A disruption or shortening of the sleep period will 

reduce the beneficial effects of these impor tant anabolic 

hormones . 

H o w much sleep is required? The U.S. military believes 

that four hours of cont inuous sleep per night allows for 

survival and the maintenance of basic combat function. Your 

mom tells you that eight hours a night is needed to be healthy 

and happy. The average American adult gets somewhere 

be tween six and seven hours per night. So what is right? 

Military combat is a rather specialized situation, and during 

non-combat times the Army advises more sleep. The "average" 

person is sedentary and is not significantly stressing the body's 
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recuperative capacity. But we will listen to Mom. She knows. 

An average of eight hours of sleep, especially during very 

rigorous training, will aid in recovery. After all, the purpose of 

sleep is to induce a state of recovery in the body. The longer 

the period of sleep, the better the quality of recovery. 

The number of hours of sleep is not necessarily the same 

thing as the number of hours spent in bed. Very few people go 

to sleep when their head hits the pillow. A trainee going to bed 

at 11:00 and getting up at 7:00 may no t be getting eight hours 

of sleep. It is more realistic to add to the t ime allotted for sleep 

to account for any delay in actually falling asleep, ensuring that 

eight hours is obtained. 

Hydration. Water is essential for recovery from strenuous 

exercise. After all, nearly every biochemical process occurring 

in the human body takes place in water . Dehydra t ion causes 

loss of performance, and when it is severe it can be 

catastrophic. But h o w much water do we need to dr ink to 

support recovery and avoid overtraining? 

Everyone 's m o m , physician, dietician, nutr i t ionist , 

trainer, coach, and friend say to dr ink "8 x 8": eight 8-ounce 

glasses of water per day. This equals half a gallon, or about 1.9 

liters, of water a day. N o t e that s tandard beverage cans or 

bottles are 12 ounces or 20 ounces, and that a 16-ounce cup is 

usually sold as a "small" dr ink at a restaurant , so the 

requirement is no t eight c o m m o n l y available "drinks." So this 

is an easily satisfied one-size-fits-all goal. 

But do we really need to d r ink this much water? The 

"8 x 8" recommendat ion is no t actually based on any scientific 

evidence but on an abbreviated and subjective viewpoint stated 

in a 1974 nutrit ional text that was seized by the clinical 

professions and has slowly entrenched itself in bo th clinical 

dogma and conventional wisdom. Most fluid intake values 

found in the research data indicate that between 1.2 and 1.6 



A question of balance 

47 

liters per day, measurably less than the 1.9 liters of the 8 x 8 

prescription, is sufficient for maintaining hydration status in 

healthy humans w h o exercise mildly. It is hard to imagine that 

the human body has spontaneously lost the ability to self-

regulate hydrat ion status since the bottled-water industry-

developed, so self-selected water intake likely represents an 

appropriate me thod for maintaining health and function. But 

does it represent an intake that can support recovery from 

intense training? 

An increased metabolic rate increases the requirement 

for water. Increasing storage of energy substrates (such as ATP, 

Creatine Phospha te , and glycogen) in the muscle increases 

the need for intracellular water. Training involves both of these 

mechanisms. So h o w much water is needed beyond the 1.2 to 

1.6 liters per day that reportedly supports a healthy mildly 

active life? If we pair the 1.2-1.6-liter requirement wi th a range 

of calorie consumpt ion of 1200 to 1600 that the average 

sedentary individual could live on and no t gain weight, it is 

essentially a 1:1 ratio of milliliters of water intake to calories 

expended. This assumption scales intake to expended energy for 

both the size of the individual and their activity level. Larger, 

more active individuals require more water intake to support 

their greater quanti ty of metabolically active tissue and the 

increased caloric cost of incrementally larger workloads. O n e 

size does not fit all in terms of hydrat ion. A good rule of 

thumb is one liter for every 1000 calories expended. A 5000-

calorie per day expenditure would require five liters (or 1.3 

gallons) of fluid. This volume of fluid may seem quite high, but 

considering the needs of an extremely active athlete training 

several hours per day, it is a reasonable recommendation. It 

requires that attention be paid to fluid intake, since this is a lot 

of water to drink. In some rare circumstances, excessive water 

consumption is dangerous, but it requires a conscious effort to 

drink this much water and it cannot be done accidentally. 
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Protein. H o w much prote in do athletes really need? Recently, 

a growing pool of research has surfaced regarding the protein 

needs of strength-trained athletes. T h e Uni ted States 

Recommended Daily Allowance (RDA) values call for a 

protein intake of 0.8 g /kg /day (grams per kilogram of body 

weight per day) for males and females fifteen years and older. 

This recommendation contains a margin of error of 0.35 
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One last consideration is which fluids count toward 

hydration. Many health extremists will boldly state that only 

water and a few other "natural" beverages count toward 

hydration. They discount anything with caffeine or alcohol or 

even sugar as a viable rehydrating beverage. The scientific and 

medical literature, however, shows that anything that contains 

water, even food high in water, counts toward water 

consumption. Water is the best rehydrating fluid, as it can be 

taken up faster than commonly consumed commercial 

beverages and does no t affect macronutr ient intake ratios. But 

every fluid consumed contributes. T h e water content of a 20-

ounce diet cola counts toward hydra t ion even though it 

contains caffeine and artificial sweeteners. A 20-ounce regular 

cola full of high-fructose corn syrup also counts even though it 

contains caffeine and sugar. Alcoholic beverages have been 

quite effective hydrat ing agents at various points in h u m a n 

history. Beer and wine, in more primit ive times, were major 

rehydrating fluids necessary for survival, since they were safer 

than the available untreated water supply, as was the grog—rum 

mixed with water—of the British N a v y in the eighteenth 

century. We are no t proposing that soft dr inks, beer, and wine 

should be staple components of the t raining diet, but honesty 

compels the consideration of the realities of the American 

lifestyle and h o w it may affect recovery. Moderate 

consumption of all of these beverages is no t detr imental , and 

will in fact contr ibute to rehydrat ion. 
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g/kg/day, thus allowing an average person up to 1.15 

g /kg/day. The R D A is based on the needs of the average 

population, and the average American is sedentary. Is it logical 

to expect the nutri t ional requirements of a sedentary individual 

to be the same as the requirements of anyone undergoing a 

program of systematically increasing physical stress? It has been 

well documented that any type of exercise increases the rate of 

metabolism in the muscle and also accelerates the rate of muscle 

protein degradation and turnover . Research shows that 

resistance exercise stimulates muscle prote in synthesis that lasts 

up to 24 hours after the end of the exercise bout . 

Protein synthesis, the process by which new muscle is 

built, requires a dietary protein source. T h e pr imary way 

muscles recover from stress and improve in fitness is for muscle 

protein synthesis to occur faster than the muscle protein 

breakdown that is the inevitable result of exercise. If protein 

synthesis is to exceed protein degradation, anabolism, or 

constructive processes, must exceed negative catabolic 

processes. If nutr ients needed for protein synthesis (to maintain 

or repair damaged tissue) are no t sufficiently available from 

dietary sources, the body will take them from its own stores. 

In essence, the body will rob Peter to pay Paul in order to 

maintain function. By ensuring adequate dietary protein intake, 

a trainee will be certain to provide the body with the building 

blocks necessary for protein synthesis. 

So, how much protein is needed to support training? 

The literature includes a broad range of recommendations that 

go as high as 2.5 g /kg /day . Some coaches and trainees don't 

like to do arithmetic, or aren't comfortable converting pounds 

to kilograms. An easy way to ensure enough dietary protein is 

simply to eat one gram of protein per pound of body weight per 

day: a 200-pound athlete should t ry to get about 200 grams of 

protein per day, from various dietary sources. This works out 

to 2.2 g/kg/day, a value that, while in excess of the consensus 
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recommendation of between 1.2 and 1.8 g/kg/day, remains 

below the highest recommended value in the literature of 2.5 

g/kg/day, and will ensure a target high enough that missing it a 

little will still be sufficient for full recovery. Protein 

supplementation is useful in that it can help an athlete get a 

sufficient protein intake, making up the difference between that 

found in the diet and the recommended level. And a protein 

drink, being convenient to make and consume, is useful for 

post-workout recovery. 

Energy Intake. Since calories are expended during exercise, 

mostly derived from the body's ready reserves of stored 

carbohydrate and fat, an obvious requirement for recovery 

after exercise is an increased need for energy to replace that 

consumed during training. There are t w o reasons exercise 

creates a need for calories: 1) exercise of all types, volumes, and 

intensities expends some fraction of the body's energy stores, 

and these must be replaced before another bout of activity, and 

2) exercise of sufficient load disrupts homeostasis and muscle 

structural integrity, producing a requi rement for bo th prote in 

and fat /carbohydrate calories to facilitate repair and recovery. 

The source of the energy—carbohydrate or fat—is no t 

terribly impor tant as long as a pro te in source accompanies it. 

Fat requires a longer t ime for b reakdown and util ization than 

carbohydrate, but the body ' s metabolic rate is elevated for 

many hours after exercise and having a very energy-rich 

substrate (fat has more energy by weight than carbohydrate) 

slowly metabolized over a number of hours rather than a mass 

of carbohydrate digesting for an h o u r or so after eating may be 

beneficial. In fact, it has been clearly demonstrated that the 

primary fuel source used in the 18 hours following exhaustive 

exercise is, in fact, fat. As long as adequate energy is present 

throughout recovery, enough to replenish expended energy 

stores and to enable protein synthesis, and thus assist in 
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avoiding overtraining, the source of the energy is relatively 

inconsequential. 

It is impor tant that the total caloric content of the diet 

be at least equal to , but preferably greater than, the total caloric 

expenditure of the training day. Matching intake to expenditure 

will maintain fitness and strength but will not support maximal 

fitness gain. A caloric surplus is needed to drive progress. If we 

simply pay back the energy used during exercise and daily 

activities, we are no t providing the extra energy required to 

drive homeostatic recovery and adaptation th rough muscle 

mass increase. To get stronger and more fit we need to consume 

somewhere a round 200 to 400 calories more energy than we 

expend. This is a relatively small caloric excess, and much more 

than this should be avoided, since a huge caloric surplus can 

and will be stored as fat. 

Vitamins and Minerals. Frequent ly , it is stated that the average 

American diet provides all the vitamins and minerals necessary 

for a healthy life, and that statement is almost always 

considered to extend to hard-training men and women . 

Virtually no one is ever tested for vi tamin and mineral levels 

unless they display deficiency disease symptoms. Therefore, 

few individuals, sedentary or athletic, ever k n o w for sure 

whether they have all the required vitamins and minerals 

present in sufficient quantities. 

Severe vitamin and mineral deficiencies are not common 

in the United States, but they do occur. Mild deficiencies are 

much more common—the majority of American females are 

consistently iron and calcium deficient to a small but significant 

degree, for instance. Calcium has a tremendous variety of 

physiological roles in overall body function, growth, and 

performance, and a deficiency can limit recovery from training. 

Similarly, iron has a crucial role in oxygen transport and 

metabolic function. A mild iron deficiency can have significant 
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negative effects on the body's ability to drive restoration after 

exercise. 

Vitamins and minerals act as mediators of biochemical 

reactions in the body. Referred to as "micronutrients," they are 

needed in very small amounts and occur naturally in foods in 

varying concentrations depending on the food. An orange has a 

generous amount of vitamin C, a steak does not . But a steak has 

iron the orange lacks. To obtain all the vitamins and minerals 

required for life—and certainly for training—we must consume 

a variety of foods. The average American kid's diet does not 

accomplish this. If M o m and Dad were aware of the basic need 

to provide young athletes wi th a diet of high enough quality 

and variety, this would no t be an issue. But we are a culture of 

convenience and habit, and it is c o m m o n that people consume 

a very limited selection of foods and food types, often ones that 

are processed to increase convenience of preparat ion. Such 

processing typically reduces the vi tamin and mineral content of 

food, often to the extent that "fortification" becomes necessary. 

The result is that while the typical athlete's diet may no t 

be so woefully inadequate that deficiency symptoms are 

present, it may contain less than opt imal amounts of needed 

vitamins and minerals, nutr ients needed to assist in recovery 

from rigorous training. After all, it is logical that if an athlete in 

hard training needs increased calories, water , and protein , a 

higher v i tamin/minera l intake is also required. Given the 

diverse tastes and habits wi th in the U.S. popula t ion due to 

regional, ethnic, and economic considerations, and wi thou t 

specific and costly laboratory testing, there is no easy way for 

the coach or athlete to assess the vi tamins and minerals present 

in a trainee's diet. 

So what is the best way to address this potential 

problem? Start simple. Start cheap. If p roper nutri t ional advice 

is ignored or difficult to follow, then vi tamin and mineral 

supplementation can be recommended to ensure that these 
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important micronutr ients are present for training and recovery. 

An inexpensive generic vitamin and mineral supplement 

containing all the commonly supplemented vitamins and 

minerals is readily available at grocery stores or on the Internet. 

More money will get you a better—purer, more readily 

absorbable—product. Bill Starr in his famous book The 

Strongest Shall Survive advocated the use of the "shovel 

principle": just take a lot, and the body will excrete what it 

doesn't use. Since vi tamin toxicity is very rare, especially 

among hard-training athletes, this is good advice. 

Fatty acids. Ano the r set of compounds that affect recovery are 

essential fatty acids (EFAs). Al though a bias against dietary fat 

is currently in vogue, some fats are essential nutrients as well as 

efficient sources of energy. T h e body can synthesize many of 

the lipids it needs from dietary fat sources, but it cannot make 

omega-3 and omega-6 fatty acids. These t w o lipids play an 

important role in the maintenance of the body's structural 

integrity, are crucial to i m m u n e function and visual acuity, and 

are involved in the product ion of eicosanoids, precursors of 

prostaglandins, which regulate the inflammatory process. Of 

the two, omega-3 fatty acids are the most relevant to recovery; 

they support anabolic processes and assist in the management 

of post-exercise inflammation and pain. They are also less likely 

to be present in adequate amounts in the diet. Omega-6 fatty 

acids may actually contr ibute to inflammatory processes if they 

are present in the wrong propor t ions . 

Deficiencies in EFAs are fairly c o m m o n in the United 

States, since fish, the pr imary source of omega-3 fats, has never 

been an important component of most American diets. 

Chronic profound deficiencies result in growth retardation, dry 

skin, diarrhea, slow wound healing, increased rates of infection, 

and anemia. Sub-clinical deficiencies would likely not produce 

symptoms that could be diagnosed by observation. Clinical 
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deficiencies quickly develop in individuals with very low-fat 

diets, with symptoms developing within two to three weeks. 

Only a few grams of omega 3-rich oils are required. This 

can be done with about one generous serving of fatty fish, such 

as salmon, per day. Many people find that taking an omega-3 

fish oil supplement is helpful, since it is likely that hard 

training benefits from higher dietary levels of EFAs. 

How Hard and How Much 

Periodization. Possibly having encountered Selye's theory and 

realizing that it had direct applications to the training of 

athletes, Soviet exercise physiologists proposed several methods 

of training that capitalized on the body ' s ability to adapt to 

increasing workloads. The roots of this method, called 

per iodizat ion, are often at tr ibuted to Leonid Matveyev in the 

Soviet Un ion in the 1960s (advanced concepts of Soviet-style 

periodization can be traced further back to H u n g a r y in the 

1940s and 50s). Periodizat ion was brought to the at tent ion of 

the U.S. weightlifting c o m m u n i t y in the 1970s by Carl Miller 

and molded into a hypothet ical model for weight training for 

sports performance by Mike Stone in 1981. Since then, 

periodization has become one of the p r imary tools of successful 

training program design, regardless of sport . 

The objective of all t raining for performance 

improvement should be to take the body th rough stages 1 and 2 

of stress adaptation, providing enough training stress to induce 

adaptation, wi thout reaching Stage 3, exhaustion. Correct ly 

designed programs achieve positive results by controll ing the 

degree of stress placed on the body by manipulat ing the volume 

and intensity of training. It is therefore impor tan t to have a 

method of quantifying volume and intensity. 
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For this one exercise, all reps included, the trainee lifted a 

volume of 4150 pounds . This calculation is repeated for every 

exercise included in the workou t . In that way the total volume 

of stress applied can be quantified. It may be more relevant to 

calculate only w o r k sets, since it is the w o r k sets and not the 

warm-ups that are disrupting homeostasis and bringing about 

stage 1. As shown in the table, this significantly reduces 

calculated volume. If a trainee does an inordinately large 

number of warm-up sets it would be appropriate to include 

them. 

Intensity is the amount of weight lifted, or the average 

amount of weight lifted in a workout , or group of workouts, in 

relation to 1RM (1 repetition with maximum weight): 

volume / repetitions = average weight used 

average weight used / 1RM x 100 = % intensity 
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Volume is the total amount of weight lifted in a 

workout or group of workouts : 

repetitions x weight = volume 

For example, the following table shows an example of volume 

calculations for a squat w o r k o u t : 
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For the example in the table above, the average weight used is 

4150 pounds/30 reps, or 138.33 pounds per rep. If the trainee's 

1RM is 225, the intensity is 138.33/225 x 100 = 6 1 % . It is easy 

to see how an excessive warm-up can affect the average weight 

of all the reps, and the average intensity, making it desirable to 

use only work sets in the intensity calculation. For only the 

work sets in this example, the intensity is 82%. 

Intensity is considered as a percentage of 1RM. An 

intensity of 80% of 1RM is greater than 50% of 1RM. While 

this is a simple concept, there are many different ideas about 

"intensity" in the scientific, medical, and popular literature. 

Intensity is sometimes equated wi th the level of power 

production in a given exercise. Things as abstract as the amount 

of mental focus given to a repeti t ion ("Let's really focus on the 

rep and get intensity up") or the subjective sensation of labored 

effort have been proposed as definitions. A n o t h e r concept is 

related to fatigue—if it fatigues the muscle, the exercise was 

intense. The use of the Borg Rating of Perceived Exert ion scale 

has also been recommended for assessing intensity. All these 

concepts have been elaborated upon in the li terature, but 

wi thout exception they are no t practical for the strength 

professional because they are no t quantifiable, a characteristic 

that bo th scientists and practi t ioners value. Intensity, as defined 

with respect to vo lume and %1RM may be somewhat 

simplistic, but is the most practical and useful method, 

especially for coaches and trainers w h o program for large 

groups and need a way to objectively assess w o r k and 

improvement . 

The simple calculation of a range of intensities of an 

exercise weight relative to 1RM: 
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Squat 1RM (lbs) 225 

95% = 225 x 0.95 214 

90% = 225 x 0.90 203 

85% = 225 x 0.85 191 

80% - 225 x 0.80 180 

75% = 225 x 0.75 169 

70% = 225 x 0.70 158 

Tradit ionally, the manne r in which periodization 

controls vo lume and intensity—and therefore the degree of 

stress placed on the body—is determined by dividing training 

into periods w h o s e lengths and load characteristics vary 

according to the level of the trainee. 

Interpretat ion of the li terature on overtraining must be 

done wi th caution, because much of it is based on aerobic 

training. The overtraining that can be induced by anaerobic 

training such as weightlifting has different characteristics from 

overtraining induced by the quite different stimulus of aerobic 

work. Modern competi t ive road cyclists, for example, will 

spend hours each day on the bike, generating a huge volume of 

training. W h e n they want to w o r k harder, they add miles, 

hours, or training days to get in a max imum number of what 

have been termed "junk miles." They also tend to ride at a 

sustainable percentage of their V 0 2 max, and every training 

session typically averages out to be similar to the one before it. 

It is important to note that V 0 2 m a x occurs at about 30 to 40% 

of a muscle's maximal strength of contraction. So, intensity is 

not usually a major training factor in the average self-coached 

American competitive cyclist's training program. Because 
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volume is essentially the overloaded training variable, road 

cyclists generally suffer from volume-induced overtraining. 

Because weight training programs manipulate both 

volume and intensity of training, trainees can fall prey to either 

volume-induced or intensity-induced overtraining. Extremes in 

programming styles are represented by the "go heavy or go 

home" approach on the one end, which may precipitate 

intensity-induced overtraining, and the "train to failure" 

approach on the other, which may produce volume-induced 

overtraining. More c o m m o n is overtraining that has elements 

of both types, since most programs rely on both variables. 

Understanding the rate of recovery from bo th types is 

important . In well-trained weightlifters, intensity-induced 

overtraining seems easier to recover from than its volume-

induced counterpart . W h e n peaking for a strength or power 

event, intensity continues to be included in the program, at 

greatly reduced volume, up to very near the event. W h e n 

peaking for an endurance event, bo th vo lume and intensity of 

weight training should be curtailed several weeks in advance, 

since longer-term volume recovery will directly affect the 

competi t ion. 

The basic cure for overtraining is the combinat ion of 

time and reduced workload. T ime spent dealing wi th 

overtraining costs the coach and athlete valuable progress: 

reduced, supposedly curative, workloads do no t produce 

improvement , or even maintenance, bu t merely a re turn to 

previous levels. Since the costs of overtraining are high, 

prevention is the best approach. Correc t ly designed training 

programs appropriate for the athlete and the sport are the key. 

Although properly executed simple progression can produce 

rapid progress wi thou t overtraining in the early stages, for 

more advanced trainees periodization is necessary. 



3 - Understanding Training Goals 

Massive and Powerful. Huge and Muscular. 

Starting at Square One 

Planning a p rogram of weight training requires a clearly-

defined set of goals for the athlete. Once the goals are 

established, training must be relatively specific, meaning that 

exercises and p rogramming should pertain specifically to the 

sport. A plan of training wi thou t direction is no t much of a 

plan and will only accidentally bring about the desired results. 

The average trainee has some type of fitness goal in 

mind when beginning an exercise program. The competitive 

athlete certainly does. Despite the fact that most individuals 

know what they want out of a program, the academic 

communi ty is less clear about wha t fitness actually is. Physical 

fitness is poor ly defined in the literature, and the published and 

conventionally accepted approaches to gaining it are 

misdirected in many, many instances. A useful definition of 

physical fitness should center on the "physical" and describe 

physical readiness in terms of function. After all, human 

survival in a human envi ronment depends on being able to 

perform a variety of physical tasks at a moment ' s notice. We 

can divide the broad spectrum of abilities required to conquer 

the average person's life tasks into three basic categories: 

strength, endurance, and mobili ty. Lifting weights can help 

develop each of these three areas of fitness to varying degrees, 

depending on the emphasis of the program, but the usual focus 

is on strength and its related characteristics, power and mass. 

Coaches and trainees, either consciously or 
unconsciously, tend to bias their training toward one or more 
of these three fundamental parameters - strength, power, or 
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mass. Each is defined by specific physical, physiological, and 

functional characteristics, so training for each requires different 

strategies and program organization. The training program 

needs to reflect the specific needs of that particular training 

objective, since excellence in each requires specific focus on its 

unique characteristics. 

Poor programming choices may significantly affect the 

development of the desired performance characteristics. In the 

barbell sports, this can be illustrated by comparing the training 

objectives of a weightlifter (a compet i tor in the sport of 

Reality Check 
T h e modern fitness industry's concept of "toning" 

muscles is specious—it might sound cool, hut it lacks any 

tangible and definable meaning. T h e term "muscle tone" or 

tonus describes an electrophysiological phenomenon, a measure 

of ionic flow across muscle cell membranes . It can he thought 

of as the muscle's readiness to do anaerobic w o r t . T h e more 

fit the muscle, the more electrophysiological activity it 

exhibits at rest. L a c k of exercise leads to poor tone, aerobic 

exercise improves tone a little hit, low-intensity weight 

training improves tone more, and high-intensity training 

improves tone the fastest. As a test, go poke the traps or 

quads of an elite weightlifter at rest, if she'll let you. They' l l 

he hard as rock. T h e same muscles of an elite road cyclist at 

rest will he firm, hut not hard. T h e n compare the athletes' 

muscle tone to that of a sedentary person. T h e results will he 

quite enlightening. M o s t exercise programs that claim to 

improve muscle tone are actually lower-intensity hypertrophy 

programs and are only moderately effective for improving 

muscle tone. If "tone" is the goal, strength is the method. 
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Olympic weightlifting: the snatch and the clean and jerk) and a 

powerlifter. The weightlifter hopes to achieve a great deal of 

explosive power in order to successfully perform the snatch and 

the clean and jerk wi th big weights. The powerlifter hopes to 

gain absolute strength in order to squat, bench press, and 

deadlift big weights. T h e difference between these goals may 

not seem apparent, since bo th lifters need to move heavy 

weights. But the speed wi th which the bar moves, the factor 

that determines power , is the distinguishing characteristic. As it 

turns out, the development of p o w e r is—or at least should be— 

the pr imary goal of training for most athletes in the weight 

room. To clarify the difference between strength and power we 

need to unders tand a few more te rms. 

Power and Its Components 

Strength. Strength is a measurement of the ability of a muscle 

to exert force. In its broadest interpretat ion, strength is the 

ability of an individual to move a weight irrespective of the 

amount of t ime it takes to move it. T h i n k of a heavy deadlift 

moving slowly to lockout . T h e benefits of improving strength 

in anaerobic sports participants are obvious, since force 

production is such an impor tant aspect of these activities. Less 

obvious are the benefits of increasing strength in aerobic 

athletes, but it has been well documented that strength 

increases improve endurance performance by prolonging the 

time it takes before muscles fatigue. 

Measures of strength are often associated with slow 

movements or no movement at all. Powerlifters move heavy 

weights relatively slowly. In so doing, they display a great deal 

of strength. Consider as an example a lineman trying to move 

an opposing player after the initial contact (the opposing player 
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is the weight). Upon contact, the movement might stop 

completely, resulting in an isometric contraction. As the 

opposing force is overcome, movement speed increases from 

zero but remains slow relative to the explosion off the line. 

Overcoming the resistance that the opposing player provides 

takes superior strength. Strength improvement should be a goal 

for all trainees; it always contributes to performance. 

Speed. The amount of t ime it takes an object to move a given 

distance is an impor tant componen t of the vast majority of 

sports. Speed is critical to the correct performance of many 

barbell exercises, specifically the Olympic lifts and their 

variants. An object's speed is determined by measuring the 

distance traveled and dividing it by the t ime it t ook for that 

movement to occur. Beating an opposing player to the ball 

requires speed. Strength contr ibutes to speed by enhancing the 

body's ability to overcome inertia and initiate acceleration, the 

rate at which speed increases. 

Power. The product ion of p o w e r is the key to most sports. It 

is the amount of w o r k performed per uni t of t ime or, more 

generally, the ability to exert force rapidly: H o w much can you 

move, and h o w fast can y o u move it? If a large muscular force 

is generated that moves a weight very quickly, it is te rmed a 

"powerful" movement . P o w e r p roduc t ion requires bo th 

strength and speed: the ability to generate force, the ability to 

move rapidly, and the ability to do bo th at the same t ime. The 

lineman comes off the line very fast, accelerating his 

bodyweight quickly enough to completely stop the forward 

momen tum of his opponent and start the process of pushing 

him out of position. Power is displayed during his acceleration, 

and the speed with which he hits—and the m o m e n t u m created 

by that speed and the mass of his body— determines more 
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about his subsequent performance during the play than any 

other aspect of his movement . 

This is of extreme importance to every athlete and 

coach: The ability to generate power directly affects 

performance. Training programs that increase power output 

should be used for all athletes, from the beginner up to elite. It 

was noted in the 1980s that even elite Soviet weightlifters could 

improve their performance by increasing h o w much they 

worked on power development . All o ther things being equal, 

the more powerful athlete will always beat the less powerful 

athlete. 

The development of power requires careful program 

design based on the requirements of the sport being trained for 

and an understanding of the effects of various exercises on 

power product ion. Training specifically for strength and 

specifically for speed will increase strength and speed but not 

necessarily power . Training for power requires the use of 

exercises in which heavy loads are moved quickly, such as the 

Olympic lifts—the snatch and the clean and jerk and their 

derivatives—which cannot be done slowly. 

T h e result of t w o different training methods on power 

output can be seen in a simple set of calculations. Take the 

example of a very strong offensive lineman w h o trains with 

traditional powerlifting exercises. 

Bodyweight = 130 kg = 286 lb 
Deadlift personal best (1RM) = 300 kg = 660 lb 
Distance from floor to lockout = 0.40 meters 
Time from floor to lockout = 2.5 seconds 

To calculate his power output in the deadlift, first calculate the 

work performed (force x gravitational constant x distance): 

Work « 300 kg X 9.8 m / s 2 X 0.40 m = 1176 Newton meters (N-m) 

Next, calculate total power generated (work/t ime): 

Power = 1176 N-m / 2.5 seconds = 470.4 watts 
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This can be expressed in a form that allows for the comparison 

of two individuals, by calculating watts per kilogram, or 

relative power output (power/bodyweight): 

Relative power = 470.4 watts / 130 kg = 3.62 watts/kg 

This quantity is now scaled for the mass of the athlete. 

Next, use the same formulas to calculate the power generated 

by an offensive lineman w h o trains specifically for power 

development by using the Olympic lifts: 

Bodyweight = 130 kg = 286 lb 
Power Clean personal best (1RM) = 150 kg = 330 lb 
Distance from floor to lockout = 0.65 meters 
Time from floor to lockout = 0.6 seconds 

Work performed (force x gravitational constant x distance): 

Work = 150 kg X 9.8 m / s 2 X 0.65 m = 955 N·m 

Total power generated (work / t ime) : 

Power = 955 N·m / 0.6 seconds = 1591.7 watts 

Relative Power O u t p u t (Power/Bodyweight) 

Relative Power = 1591 watts / 130 kg = 12.2 watts/kg 

The difference between the t w o is the t ime it takes to move the 

load. The power clean is faster, so much faster that it generates 

more than three times the power despite the fact that is half the 

weight and moves 1.25 times the distance of the deadlift. (See 

fig. 3-1.) Calculating the actual power required for the t w o lifts 

clearly demonstrates that Olympic-style weight training is 

"high power" and traditional powerlifting-style training is "low 

power" (but "high strength"). This doesn ' t mean that 

powerlifting type training should be avoided by power athletes, 

since strength is a necessary componen t of the product ion of 

the force that is applied in generating power . But many coaches 

have proposed that the Olympic lifts should be the major 
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component of weight training for sport. The Olympic lifts and 

their derivatives should be included in any program desiring to 

increase trainees' power output , because power generated in 

training will result in the ability to generate power in 

performance, whe ther wi th weights or in similar power-sport 

skills. Both strength and power training have their place in a 

comprehensive p rogram for athletes. 

Mass. The size of a muscle is frequently associated with how 

strong someone is. We 've all seen people w h o just look strong. 

They have an imposing muscular appearance. And there is 

t ruth in this perception—absolute strength does increase as 

muscle cross-sectional area gets bigger. It is an inevitable 

consequence of weight training chat the muscles will get larger. 

This is w h y most people do it. This g rowth happens whether 

the intent of the training is strength, power , or mass. But by 

choosing high-volume and lower-intensity training, one can 

maximize muscle mass gains. It is accepted among many 

bodybuilders that repeatedly performing five sets of twelve reps 

of an exercise wi th minimal rest between sets is optimal for 

producing muscle hyper t rophy . 

Mass is the p r imary training goal for bodybuilders. 

Frequently though, coaches and trainers place all their athletes 

on hyper t rophy cycles under the assumption that all 

hyper t rophy is the same and that the newly-big muscles these 

cycles produce will automatically be strong and powerful. This 

is not the case. The hyper t rophy resulting from bodybuilding 

training is physiologically and functionally different from the 

hypertrophy resulting from maximal strength or power 

training. High-rep, low-intensity training results in more and 

faster hypertrophy, but strength and power training provides a 

functional advantage over bodybuilding-type training: more 

strength and more power. 



Practical Programming 

V 

Figure 3-1. A comparison of the deadlift and the power clean. The deadlift 

(A) moves a heavy weight over a short distance slowly, while the power 

clean (B) moves a lighter weight over a longer distance quickly. Much 

greater power is produced during the power clean. 
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Training for hyper t rophy is an important consideration 

for many athletes involved in sports other than bodybuilding 

that favor size. Football , for example, has become a different 

game than it was many years ago, since the advent of 300-

pound l inemen and 245-pound defensive ends. Most heavy-

implement throwers are bigger athletes. Size is commonly 

associated with strength athletes, because stronger is bigger. 

Bigger is also useful because heavier players are harder to push 

around than lighter ones, and this is t rue for most field sports 

involving contact, even those traditionally played under 

endurance condit ions, such as soccer. 

But bigger muscles also mean more efficient leverage 

around impor tant joints. Knees, elbows, hips, and shoulders 

work better when the muscles that operate them are larger, 

since the angle at which the muscles cross the joint is more 

nearly vertical, maximizing the efficiency of the joint 's third-

class lever system. T h e steeper the angle of attack that the 

tendon has on the bone, the more efficient the pull. Big quads 

thus work better than small quads, bo th because they are 

stronger in terms of cross-sectional area and because they 

extend the knee more efficiently. 

W h e n training for mass, specialization is less effective 

than globalization. The endocrine system responds in a dose-

dependent manner to stress. Large-scale, multi-joint, functional 

(sometimes called "structural") exercises are more effective in 

producing an anabolic hormona l stimulus than small scale, 

single-joint, isolation-type exercises, even when using the same 

intensities and repetition schemes. Exercises such as the squat 

and the bench press are more effective hypertrophy-inducing 

exercises than leg extensions or the pec deck. If using machines 

or isolation exercises, always precede them with structural 

exercises, and make sure these make up the majority of the 

work. 
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The Next Step 

All strength and power training for sports should be 

done in a manner that mimics the metabolic demands of the 

sport as closely as possible. This requires specificity wi th 

respect to the energy systems used ( A T P / C P vs. glycolytic vs. 

oxidative), muscle groups involved in the exercise, force 

generation, speed of movement , range of mot ion , and 

frequency of contraction. The coach must carefully examine 

the sport activity in order to understand its requirements 

before an effective training program can be designed. Fo r 

example, marathoners or other endurance athletes would 

probably not greatly benefit—in terms of performance—from 

the type of training a weightlifter would do . Endurance athletes 

require adaptations in aerobic metabolic capacity to improve 

performance, something that weight training wi th high 

intensity and low volume develops only peripherally. 

Endurance athletes benefit f rom higher repeti t ions and lower-

intensity weight training. A sprinter , however , w h o operates in 

anaerobic, non-oxygen-dependent metabol ism during 

performance, and w h o needs a great deal of speed and power , 

would benefit from training similar to a weightlifter 's. Every 

coach should be familiar wi th the metabolic demands of the 

sport: what is the longest effort, h o w intense is it, wha t is the 

recovery t ime between efforts, wha t is the normal dura t ion of 

the event, and so on. 

Tha t said, the concept of specificity of training has its 

limitations. While training should be relevant to the goal at 

hand in terms of selecting exercises wi th roughly similar 

movement patterns that develop the muscles used in the sport, 

it is neither necessary no r desirable to exactly mimic a sport 

skill in the weight room. It is quite possible to be so specific as 

to limit the ability to induce strength and condit ioning gains 
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and inhibit m o t o r performance. Specificity in programming 

must be considered in terms of bo th metabolic specificity and 

motor specificity. 

Metabolic specificity refers to the degree of similarity 

between energy substrates used to power the goal activity and 

the training activity. F o r example, a shot pu t effort lasts a little 

longer than one second and is powered by A T P stored in the 

muscle (more on this later). A training activity specific to the 

shot pu t would be one that also utilizes stored A T P . An 

Olympic weightlifting-type exercise done for very few 

repetitions at high effort wou ld fit this description. Something 

like long- or middle-distance running, powered by 

carbohydrate or fat metabol ism, wou ld not . If metabolically 

specific exercises are utilized to prepare for a sport activity, the 

transfer of the training adaptat ion to performance 

improvement will be larger than if non-specific exercises are 

used. This should be intuitive to anyone experienced in sport 

preparation. 

The degree of that specificity, however , exists on a 

sliding scale. Compare , for example, push-ups for many, many 

repetitions, bodybuilding style bench presses wi th lighter 

weights at 12 reps, and powerlifting style bench presses with 

heavy weights at 3 reps. Fo r our shot put ter , the push-ups, 

which may take 45 to 60 seconds, are less specific metabolically 

than the bodybuilding bench press, which is less specific than 

the powerlifting bench press. W o r k to rest ratios must also be 

considered within this metabolic context. A well used but 

relevant example is a football play, which may involve 6 

seconds of intense activity followed by 45 seconds of very low 

intensity activity and recovery. Training in the weight room 

with similar periods of exercise and rest will better prepare the 

athlete for the demands of on-the-field performance, while 

longer durations of rest may assist in better development of 

maximal strength, also useful on the field. The coach must use 
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his judgment in order to select the best work-rest ratio to 

augment the performance of his athletes, often on an individual 

basis. 

Motor specificity refers to the degree of similarity in 

movement pattern between a sport activity and a training 

activity. If we consider three similar exercises for the shot put, 

the press, the incline press, and the bench press, we can visually 

select the incline press as the most specific, since it most closely 

mimics the angle of pr imary effort and release of the shot. 

Obviously the incline press should be an impor tan t exercise, 

but the other exercises should also be included in order to 

develop both the horizontal and vertical ability to generate 

force, as both are impor tant to shot pu t performance. A n d the 

press is the only one of the three wi th an impor tan t 

characteristic for the throw—use of the whole body all the way 

to the ground as an active componen t of the exercise. All three 

are useful, and the coach must decide which to emphasize for 

the needs of each athlete. 

Consider another example: a cyclist and the squat. A 

cyclist's knee is never flexed beyond 90 degrees, so if specificity 

is considered only in terms of knee flexion, the conclusion 

would be that squatting above parallel is specific to cycling 

performance, and that full squats are no t . This , in fact, is what 

many coaches and trainers believe and advise their athletes to 

do, in more sports than cycling. T h e p rob l em here is a 

misunderstanding of the exercise and its relationship to the 

sport skill: a partial squat does no t p roduce a s t rong hamstring 

contraction. A n y cyclist w h o does partial squats is no t 

developing balanced strength a round the knee and is neglecting 

the muscles used in the up-stroke of a p roper ly executed 

pedaling cycle. In cycling jargon, the trainee will be developing 

only the ability to "pedal in squares," the mark of a beginner 

and of mechanical inefficiency, w h e n she should be developing 
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the ability to pedal in circles, the mark of a skillful, strong 

rider. So although the partial squat may look more specific, in 

anatomical action and in the quality of muscular function and 

development a full squat is more applicable to the activity. The 

addition of leg curls to the program is no t the answer; correct 

analysis of the squat is. 

Reali ty Check 
A related issue is the concept of adding m a s s to very 

specific implements (baseballs , ba t s , basketbal ls , footballs, 

soccer balls , darts , racquets , cu l ing stones, etc.) as a method of 

specially targeted strengthening for a sport. This m a y seem 

like a clever way to achieve training specificity, but it may 

actually detract from skilled performance. The similarity in 

motor pattern between the weighted and unweighted 

movement can induce interference in skill execution. Adding 

mass to a precisely-weighted implement changes the execution 

of the skill, due to different movement velocities, muscle 

recruitment patterns, perceptual sensations, and implement 

trajectories. T h i s essentially develops two or more motor 

pathways, where only one is useful-the one specific to the 

implement used in competition. Swinging a weighted bat. for 

instance, is a good way to practice swinging a bat more slowly, 

a skill which might not prove useful unless the pitcher agrees 

to throw the ball more slowly. The line between the weighted 

and unweighted patterns is very fine, and the body may 

confuse the two. For the coach, it takes anatomical knowledge, 

personal experience with an exercise, and experience with the 

sport activity to understand specificity, its application, and the 

potential benefît of any exercise activity. 
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In a novice, the need for specificity in training is low, 

since the trainee is far away from his genetic potential for 

performance. A novice is untrained, and may be accustomed to 

little or no activity. For a trainee at this stage, any type of 

training that improves fitness will improve performance. In 

contrast, an elite athlete must be trained with a high degree of 

specificity. This trainee is very close to genetic potential in 

fitness, conditioning, and strength levels, and is at the elite 

levels of the sport. Training that contributes directly to 

maintaining expertise in the sport activity is required bu t is 

insufficient in and of itself (fig. 3-2). It is very impor tant to 

understand that absolute specificity—doing only the sport 

activity—is not adequate; performance skill can be maintained 

by repeatedly performing the sport activity, but physical 

performance cannot be enhanced by doing such. 

Figure 3-2. Specificity of training as a function of proximity to goal 
performance in a task. As a trainee comes closer to achieving a performance 
goal near his genetic potential, the training stimulus must more closely 
mimic the physical nature of the performance goal. Whereas a novice can 
make substantial progress with generalized training, an elite trainee must use 
more specific methods, although absolute specificity is not productive. 
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In the clean & jerk, simple performance of the exercise 

will at some point fail to drive adaptation. Once maximum 

performance has been well established, repetit ion of the 

maximum will fail to satisfactorily disrupt homeostasis. This is 

because at max weights, several factors contr ibute to the lack of 

progress—technique, psychological factors, power, and 

strength. Of these, the easiest to affect is strength, since the 

others are relatively more affected by the clean and jerk itself. 

For this reason, less specific exercises that allow for overloads 

are necessary even in elite trainees w h o require the highest level 

of training specificity. General s trength exercises such as the 

squat and heavy pulls of various types provide overload, yet are 

sufficiently specific to the force product ion requirements of the 

clean and jerk to be applicable. T h e additional strength 

obtained by increasing the squat and the deadlift thus applies to 

the execution of the clean and jerk. Training should never 

reach 100% specificity, as this does no t allow for varying the 

nature of training stress in order to continually drive 

adaptation. 

Simply moving heavy weights does no t make for a 

powerful athlete, no r does high-speed movement wi th light 

weights. Improving sports performance through increasing 

power requires the incorporat ion of exercises from specific 

areas of the power-velocity curve, and the selection of the best 

ones to fit the relevant sport (fig. 3-3). This means that using 

either strength or speed exercises alone will not work , even 

though both are vital components of power. They are 

necessarily and inseparably melded in high-velocity movements 

with weights, essential exercises for the development of 

effective power for sport. Understanding the nature of athletic 

performance and matching the training program to the 

demands of the sport or the personal goal is a requirement for 

success. 
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Figure 3-3. Velocity-power graph. The dashed line represents velocity, and 

the solid line represents power output. Peak power occurs at approximately 

30% of maximal isometric force and 30% of maximal movement velocity. 

This would equate to 50 to 80% of 1RM, depending on the exercise. 

"An approximate answer to the right question is worth a great deal 

more than a precise answer to the wrong question." 

—John Tukey 
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4 - The Physiology of Adaptation 
Basic stuff you need to know. 

Muscular Contraction: The foundation of movement 

Unders tanding h o w to train the body for improved 

performance requires an understanding of h o w the body in 

mot ion works . Muscle is the basic physiologic unit of 

movement . T h e structure of muscle dictates its function, and 

training is intended to br ing about changes in bo th structure 

and function. A familiarity wi th basic physiologic principles 

related to muscle and to its training for peak performance is 

essential for effective p rogram design. 

Muscle Structure. T h e largest structural uni t of the muscular 

system is the muscle itself, which attaches to the skeleton at a 

min imum of t w o points by way of connective tissues called 

tendons. Individual muscles are separated from other muscles 

by another type of connective tissue, fascia. An individual 

muscle is an organized mass of thousands and thousands of 

individual muscle cells, also called muscle fibers. The cells are 

arranged in bundles, and separated from other bundles by more 

connective tissue. Muscle cells comprising the bundles contain 

hundreds of myofibrils, the basic contractile unit, and are 

composed of protein strands that interact wi th each other to 

produce shortening, or contraction. Muscle cells also contain 

organelles required for normal metabolic function: cell 

membranes, cytoplasm (or sarcoplasm), nuclei, mitochondria, 

ribosomes, endoplasmic reticulum, etc., all of which are 

important contributors to muscle function and which also 

adapt to training. 

The myofibrils within a muscle cell have a characteristic 

appearance. The major contractile proteins, actin and myosin, 
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are aligned in an overlapping thin filament/thick filament 

pattern (fig. 4-1). There are several other proteins associated 

with the thin filament, actin. T w o of these proteins, t roponin 

and tropomyosin, are major parts of the regulatory mechanism 

of muscle contraction. 

There are several types of muscle fibers. These different 

types are often generally referred to as "fast-twitch" and "slow-

twitch" muscle fibers (fig. 4-2), but this classification scheme 

does not indicate the actual breadth of difference between the 

types. A better system of categorizing fiber types is by their 

primary method of fueling metabolic activity. Table 4-1 

illustrates the con t inuum of fiber types, wi th a range of 

anatomic and metabolic propert ies. These propert ies dictate 

how a muscle composed of varying percentages of the different 

fibers performs and responds to training. Weight training can 

dramatically change muscle architecture and metabolism, 

thereby altering function. 

Muscle Function. T h e muscle is composed of several functional 

units, the largest being the entire muscle itself. W h e n a muscle 

contracts, it pulls the bones attached at ei ther end toward each 

other, resulting in the movemen t of a par t of the body. 

Improving this large-scale ability to move is the ul t imate goal, 

but the smaller-scale componen t s of muscle tissue are the 

elements that must actually adapt to training. 

Actin and myosin , proteins of the myofibril (usually 

referred to as "contractile proteins"), are t w o of the major 

players in muscle contract ion. W h e n actin and myos in bind to 

each other, there is a shape change in the myosin molecule that 

pulls the ends of the myofibril , and the cell, toward the 

centerline. W h e n adequate numbers of these units interact, 

enough force is generated to cause the entire muscle to move, 
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Figure 4-1. Sarcomeric structure (A). Note the orientation of the contractile 
elements, actin and myosin. Huxley's sliding filament theory holds that 
expenditure of ATP will cause actin and myosin to transiently interact with 
each other in a shortening action that pulls the z-lines at each end of the 
sarcomere together (B). 
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Figure 4-2 Type I, sometimes called "slow-twitch" muscle fibers (A, stained 

black) are chemically, structurally, and functionally distinct from the two 

categories of type II or "fast-twitch" fibers: fast oxidative fibers (B, stained 

dark gray) and large, fast glycolytic fibers (C, stained light gray). 

Characteristic Type I Type IIA TypeIIB 

Contraction speed Slow Fast Very fast 

Fiber diameter Small Intermediate Large 

Size of motor neuron Small Large Very large 

Resistance to fatigue High Intermediate Low 

Activity used for Aerobic Long anaerobic Short anaerobic 

Force/Power Capacity Low High Very high 

Mitochondrial density High High Low 

Capillary density High Intermediate Low 

Aerobic capacity High Intermediate Low 

Anaerobic capacity Low Intermediate High 

Major storage fuel Triglycerides CP, Glycogen CP, Glycogen 

Table 4-1. Muscle fiber types and their properties. While there are other 

fiber-type classifications in common use, this one applies best to the 

discussion of adaptation for strength and power. 
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producing large-scale m o v e m e n t a r o u n d a joint . T h e energy 

needed to induce the configurat ional change in myos in comes 

from adenosine t r i phospha te (ATP) , the high-energy produc t of 

a variety of metabol ic p a t h w a y s . 

T h e a m o u n t of force a muscle can exert is generally 

considered to be p r o p o r t i o n a l to its cross-sectional area. This 

means s imply tha t t he bigger the muscle , t he m o r e force i t can 

generate. All o the r factors be ing equal , the on ly w a y to make a 

s t ronger muscle is to m a k e a larger muscle , one tha t contains 

m o r e contract i le p ro t e in . But all o t h e r factors are never equal, 

and the re are several t ha t c o n t r i b u t e to effective muscle 

function. O n e factor d i rec t ly related to muscu la r funct ion i s the 

availability of A T P and t he efficiency of t he mechan i sms by 

wh ich A T P i s ut i l ized and regenera ted w i t h i n the muscle . L o w 

concent ra t ions of A T P or a p o o r abil i ty to synthesize or utilize 

i t will d imin i sh muscu la r func t ion , and t ra in ing induces an 

increased abi l i ty to s tore and synthes ize A T P . 

As previous ly m e n t i o n e d , t he re are several types of 

muscle fibers, each w i t h a character is t ic set of metabol ic 

proper t ies tha t relate to A T P genera t ion and ut i l izat ion. T y p e I 

fibers are descr ibed as slow oxidative, m e a n i n g tha t t hey rely 

pr imar i ly on aerobic or oxidat ive (oxygen-requiring) 

metabol i sm and its associated p a t h w a y s . These fibers are 

smaller, are capable of genera t ing less force, and have less 

potent ial for en la rgement t h a n o the r fiber types . But they are 

extremely fatigue resistant since t h e y p roduce enzymes that 

enable the use of an essentially inexhaust ible energy substrate: 

fatty acids. T h e enzymes tha t break d o w n fatty acids are 

dependent on the presence of oxygen for their function; they 

are thus referred to as oxidative, or aerobic, enzymes . 

T y p e IIa fibers possess b o t h glycolytic and oxidative 

enzymes, meaning tha t they are capable of generating energy 

from bo th glucose and fatty acids, and are thus intermediate in 

function between type I and IIb fibers. The i r function can be 
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Energy Utilization. S to red A T P is always the f i rs t energy 

source utilized dur ing muscu la r con t rac t ion . D u r i n g 

contrac t ion, A T P loses o n e o f its t h ree p h o s p h a t e g r o u p s and 

becomes adenos ine d i p h o s p h a t e ( A D P ) , l iberat ing energy 
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skewed toward either purpose , depending on the t ra ining 

stimulus. Type l ib fibers are t e rmed fast glycolytic, meaning that 

they rely for fuel on the process of glycolysis, by wh ich glucose 

i s b roken d o w n to yield A T P , w h i c h does n o t require the 

addition of oxygen. T y p e Ha and l i b are m u c h larger t han type 

I fibers, have higher en largement potent ia l , metabol ize A T P 

more rapidly, and are less fatigue-resistant. But we igh t t ra ining 

can change h o w all of these muscle fiber types behave . 

Energy Metabolism: Powering the muscle 

Energy Sources. Muscle con t rac t ion , and in fact all intracellular 

activity, is p o w e r e d by A T P . I t is t he ve ry stuff of life. O u r 

bodies p roduce A T P f rom the b r e a k d o w n of food. E v e r y t h i n g 

we eat—carbohydrate , fat, and pro te in—can serve as a source of 

A T P . (Fat and p r o t e i n are less i m p o r t a n t in p o w e r pe r fo rmance 

energetics, since c a r b o h y d r a t e is selectively ut i l ized for this 

purpose , w h e n suppl ied i n adequate a m o u n t s , by t he t y p e l i b 

muscle fibers w h i c h d o m i n a t e th is t y p e of activity.) Th i s 

indispensable molecu le is p r o d u c e d d u r i n g a series of 

biochemical events tha t occur after t he b r e a k d o w n of food in 

the b o d y . F o r t he purposes of th is discussion, A T P i s p roduced 

in three ways : 1) t h r o u g h t he regenera t ion of previous ly-s tored 

A T P by creatine p h o s p h a t e , 2 ) f rom non-oxygen-dependen t 

glucose metabol i sm, and 3) f rom oxygen-dependen t me tabo l i sm 

that utilizes b o t h fatty acids and glucose. Each of these distinct 

pa thways provides A T P at different rates and con t r ibu tes a 

greater p r o p o r t i o n o f the requ i red A T P u n d e r different 

circumstances. 
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stored in the molecule and al lowing its use in muscle 

contract ion. As A T P reserves are depleted, w h i c h takes just a 

few seconds, A D P is rapidly recycled back in to A T P by the 

transfer of a rep lacement high-energy phospha t e ion from a 

creatine p h o s p h a t e (CP) molecule back to the A D P . Creat ine 

phosphate thus serves as a carr ier of th is replenishing energy for 

A T P . 

A T P ut i l ized and resynthes ized by this two-par t 

mechanism p o w e r s in tense , s h o r t d u r a t i o n exercise (less than 10 

to 12 seconds) such as sp r in t ing and we igh t t ra in ing. If the 

exercise is longer t h a n this few seconds w o r t h of s tored A T P 

can cover, m o r e A T P m u s t be b r o u g h t i n t o t he p o o l f rom 

outside sources. These sources are 1) A T P p r o d u c e d t h r o u g h 

glycolytic me tabo l i sm, if t he effort lasts up to a couple of 

minutes , or 2) A T P p r o d u c e d by fatty acid oxida t ion , i f the 

effort is of ve ry long d u r a t i o n . H o w e v e r , all the A T P uti l ized 

dur ing muscle c o n t r a c t i o n comes f rom this s tored A T P pool , 

and the o the r processes func t ion to replace i t the re . 

T h e form of energy s to red in the muscle is glycogen, the 

storage f o r m of glucose—big globs of glucose molecules s tuck 

together . In tense exercise of longer t h a n 12 seconds and up to a 

few minu tes in du ra t ion , such as longer spr ints and high-

repet i t ion weigh t t ra in ing , requires t he b r e a k d o w n of glycogen 

molecules i n to glucose, a process called glycogenolysis. T h e 

resulting individual glucose molecules are fur ther b r o k e n down 

th rough the processes of glycolyt ic metabo l i sm. U n d e r 

anaerobic condi t ions , w h e r e insufficient oxygen is being 

supplied (when resp i ra tory funct ion is unable to keep up wi th 

the cellular d e m a n d for oxygen) , the end result is the 

produc t ion of lactic acid and the process is k n o w n as anaerobic 

glycolysis. W h e n sufficient oxygen is available, the end result of 

glycolytic metabol ism is pyruv ic acid and the l iberation of 

energy tha t i s used to resynthesize A T P from the A D P 
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Reality Check 
There is a huge interest in the supplement creatine monohydrate, 

so huge that nearly half a billion dollars annually are spent on it by 

athletes and recreational exercisers. So huge, in fact, that about 50% of all 

high school football players and about 75% of all strength and power 

athletes take it routinely for its purported benefits. B u t the N C A A bans 

its distribution by affiliated schools and school-associated personnel, and 

lots of other clinical and consumer protection groups criticize its use and 

propose that it is both ineffective and unsafe. H o w can it be both worthy 

of a ban and ineffective, both biologically useless and unfair to use? 

Creat ine is a component of the " C P " part of the A T P - C P system 

discussed in this chapter. It is part of the metabolic machinery that 

powers short-duration activities such as weight training. It is obtained 

from meat in the diet, and it is produced in the liver, with about half our 

daily requirement coming from each source. T h e daily requirement is 

determined by body mass ; bigger people need to eat more and m a k e more 

creatine, if we are using 2 g r a m s of creatine a day to support general life 

processes, we need to consume about 1 g r a m and our body will m a k e the 

other gram. T h e one gram of creatine we need to cut could come from 

eating two 4-ounce steaks. So providing our bodies with an external 

source of creatine is a normal h u m a n activity. C r e a t i n e monohydrate is a 

stable form of creatine that is manufactured for use as a dietary 

supplement. It is supplied as a powder, and is suspended in liquid for 

consumption by st irring it into water or juice. It does not dissolve well in 

cold liquids, and is not s table for long periods in l iquid, so it is best 

purchased in powder form. 

T h e r e is more to creatine than simple survival . It is well 

documented that increasing high-energy phosphate stores in body 

improves the ability to produce force. A good analogy is that of a gas 

tank. O u r normal tank is half or 3 /4 full. We never really get close to 

our genetic potential for storage on a daily bas i s if we are untrained, since 

we aren't strenuously active and our muscles have no reason to be full. 

we start to lift weights or do other power training, our body's 

stores of creatine increase by about 10 to 20%. Driven by the body's 

adaptation to new, high-intensity physical demands and facilitated by an 

increase in food consumption to support the new level of activity, creatine 

supplies from both internal and external sources increase. Studies have 

shown that creatine monohydrate supplementation provides a rapidly 

assimilated source of creatine that optimizes storage beyond the 
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additional 20% driven by exercise and diet, pushing it up to near genetic 

potential. O u r creatine gas tank becomes much more full. 

A huge body of well-controlled research has clearly demonstrated 

that creatine supplementation is quite effective, with improvements in 

performance noted in as link- as seven days . The real value of creatine 

supplementation, though, lies not in i ts short-term performance 

enhancement but in its abil ity to ass is t in recovery between sets and 

workouts done repeatedly over t ime. Better recovery as a result of a full 

creatine tank leads to better Quality and Quantity of work done during a 

series of sets and a series of workouts . T h i s leads to better gains in 

strength and performance. T h e best research results are a lways found in 

longer-duration supplementation studies, precisely because of this. 

The second point to consider is safety. C r e a t i n e is frequently 

kicked around in the press by 'experts" using individual case studies of 

diseased individuals who developed further health problems during 

creatine supplementation, or silly people doing silly things at the same 

time they were taking creatine. B u t no s tudy of any duration has 

demonstrated negative effects of supplementation on healthy athletic 

populations. A wise m a n once sa id , 'You can prove anything with one 

example." T h e very thing the detractors of creatine supplementation 

accuse creatine supporters of doing is exactly what the detractors are 

guilty of: using poorly designed research and faulty logic to make their 

case. Heed the advice of Nobel laureate K a r y Mul l i s : "It doesn't take a 

lot of education to check things out. All it takes is access to resources and 

a minor dis trust of everyone else on the planet and a feeling that they 

may be trying to put something over on you." Go to the l ibrary and read 

the research. T h u s enlightened, m a k e your own decision. 

Starting Points 

Schilling, B . K . , et al. 2001. Creat ine supplementation and health 

variables: A retrospective s tudy. Medicine and Science in Sports and 

Exercise 33(2):183-8. 

Waldron, J . E . , et al. 2002 . Concurrent creatine monohydrate 

supplementation and resistance training does not affect markers of hepatic 

function in trained weightlifters. Journal of Exercise Physiology 5(l):57-64. 
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produced dur ing contract ion; this version of the process is 

termed oxidative or aerobic glycolysis. In e i ther c a s e -

anaerobic or oxidative —-the in termedia te steps in the process of 

glycolysis themselves generate A T P . T h e A T P produced by 

either form of glycolysis is t hen uti l ized as a fuel for cont inued 

intense exercise. 

Of lesser impor t ance to individuals w h o t ra in for 

s trength and p o w e r i s the p r o d u c t i o n of A T P t h r o u g h 

oxidative metabol i sm. Lower - in tens i ty r h y t h m i c repet i t ive 

exercises tha t can be sustained for m i n u t e s to h o u r s , like 

jogging or walk ing , depend on the fur ther oxygen-dependent 

b r e a k d o w n of py ruv ic acid to acetyl c o e n z y m e A and its 

subsequent e n t r y i n to a process called t he Krebs cycle, yielding 

further p r o d u c t i o n of A T P . (Ace ty l -CoA is t he same substance 

p roduced by t he b r e a k d o w n of fatty acids t h r o u g h t he process 

of beta-oxidat ion. B o t h be ta-oxida t ion and aerobic glycolysis 

take place in t he m i t o c h o n d r i a , t h e cell 's headqua r t e r s for 

oxidative metabol ic processes.) Bu t since a single set of a weight 

t ra ining exercise takes cons ide rab ly less t h a n a m i n u t e , is ve ry 

intense, and consumes a lo t of A T P , oxidat ive m e t a b o l i s m is 

no t a factor in this t y p e of t r a in ing . E v e n t h o u g h i t does 

operate (all of the va r ious processes of A T P p r o d u c t i o n are 

always operat ing) , aerobic m e t a b o l i s m c o n t r i b u t e s ve ry little to 

the actual pe r fo rmance of a h e a v y set, s ince it t ranspi res over a 

m u c h longer t imeframe and yields A T P m o r e s lowly . A n 

overview of basic energetics is p resen ted in figure 4-3. 

Training-Induced Muscle Adaptations. W e i g h t t ra in ing elicits 

n u m e r o u s changes in b o t h musc le s t ruc tu re and funct ion . I f the 

t ra ining p r o g r a m is wel l p l a n n e d and t he exercises are correc t ly 

performed, exercise-induced changes can be beneficial and 

enhance fitness and pe r fo rmance . I f w o r k o u t s are p o o r l y 

p lanned a n d / o r incorrec t ly pe r fo rmed , gains m a y be s low or 

absent, or per formance m a y actually decay. F igure 4-4 
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Figure 4-3. The metabolic speedometer. How hard, and low long, we exercise 
directly affects which metabolic pathway(s) our bodies use to fuel the activity. 
All physical activity lies along a continuum, from rest to all-out maximal 
effort. All activities are powered by the ATP already present in the muscle, 
and all bioenergetic activity acts to replenish these stores. Low-intensity 
exercise depends on cardiopulmonary delivery and muscular uptake of 
oxygen, the ready availability of which enables the body to utilize aerobic 
pathways and fatty acids as substrate. These aerobic processes take place 
inside the mitochondria within the muscle cells. As activity levels and energy 
requirements increase, the ability of the heart and lungs to deliver oxygen and 
facilitate sufficient levels of aerobic metabolism to meet the increased demand 
for ATP is exceeded. Weight training or other forms of high-intensity training 
exists at the anaerobic end of the continuum, utilizing substrate that does not 
require added O2. The diagram above represents the relationships between the 
energy substrates and the metabolic pathways in which they are used in 
different types of exercise. With the exception of short-duration all-out 
maximal effort, no activity uses only one metabolic pathway, so the scale 
above represents a sliding scale of continually increasing intensity of activity. 
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Figure 4-4. The repetition continuum. Different repetition schemes result 

in different anatomical and physiological adaptations. The program chosen 

should match the goals of the trainee. Black = great effect, white = little 

effect. (Rippetoe & Kilgore, 2005) 

illustrates the c o n t i n u u m of responses to different organiza t ions 

of t ra ining p r o g r a m s w i t h respect to reps pe r set. 

A divergence of o p i n i o n exists b e t w e e n pract ical 

experience and the academic i n t e rp re t a t i on of l imi ted research. 

Several academic sources have p r o p o s e d tha t , in essence, any 

repet i t ion scheme will result in the same gains in s t rength , 

power , mass and endurance—tha t do ing one set a t 3 R M will 

yield the same result as do ing one set at 2 0 R M . Th i s is in stark, 

obvious contrast to the observa t ions of prac t i t ioners familiar 

w i th t ra ining athletes for s t rength , p o w e r and mass, and 
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performance. It ignores the basic tenets of metabol ic specificity, 

the same principles tha t are eagerly applied to endurance 

training. A 40-meter spr in t is a m u c h different race t han an 800-

meter effort. R u n n i n g a mile is different f rom runn ing 26.2 

miles. T ra in ing for these events requires some degree of 

specificity, and no o n e w o u l d suggest tha t all r u n n i n g yields the 

same result . W h y w o u l d a n y o n e w i t h even a passing interest in 

the t ra in ing of athletes suggest t h a t a 3 R M squat tha t takes a 

few seconds and exists en t i re ly w i t h i n the A T P / C P end of the 

metabol ic s p e c t r u m yield t he same t ra in ing result as a set at 

20RM tha t takes m o r e t h a n 40 seconds and exists squarely in 

the glycolyt ic midd le of the spec t rum? T h e r e is good qual i ty 

research tha t definit ively s u p p o r t s t he repe t i t ion c o n t i n u u m 

concept and presen ts a t h o r o u g h u n d e r s t a n d i n g of the 

physiologic basis for t he t h e o r y . T h a t data has the added 

benefit of m o r e t h a n a c e n t u r y of r ecorded pract ical applicat ion 

to back i t u p . T h e failure to app ly i t cor rec t ly results in wasted 

training t ime and in spor t s careers t ha t fall sho r t of the i r 

potent ia l . 

O n e of t he results m o s t closely associated w i t h weight 

t raining is an increase in musc le size. Th i s p h e n o m e n o n , 

hypertrophy , is the result of increased p ro t e in synthesis and 

decreased p ro t e in degrada t ion , w h i c h leads to an increased 

accumulat ion of p ro te ins w i t h i n the muscle cell. T h e r e are t w o 

basic types of h y p e r t r o p h y . In myofibri l lar hypertrophy , 

more actin, myos in , and o the r associated pro te ins are added to 

those already existing in the cell. M o r e contract i le elements 

wi th in the cell mean m o r e a c t i n / m y o s i n interact ions and more 

force p roduc t ion . Th i s type of h y p e r t r o p h y is typical of low-

repetit ion, high-intensi ty t ra ining. It adds less mass but 

produces greater increases in the force generated per unit area 

of muscle than the second type of h y p e r t r o p h y , sarcoplasmic 

hypertrophy . In sarcoplasmic h y p e r t r o p h y there are more 

cytoplasmic and metabol ic substrate accumulat ions than in 
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myofibrillar hype r t rophy . Lower- intensi ty , high-volume 

training produces a significant addi t ion of myofibri l lar elements 

but less than that added by high-intensi ty, lower-volume w o r k . 

Bodybuilding-type t ra ining utilizes very high-volume 

repeti t ion and set configurat ions tha t cause an increase in 

metabolic substrate stores in the muscle . T h e addi t ion of 

glycogen and high-energy phospha tes to the cell causes 

additional wa te r to be s tored. Th i s effect, c o m b i n e d w i t h m i n o r 

accumulat ions of fat drople ts , enzymes relevant to t he 

additional activity, and a m o d e r a t e increase in contract i le 

prote ins , causes the cell v o l u m e to increase. I t is also qui te 

likely, a l though n o t wel l s u p p o r t e d in t he l i te ra ture , t ha t an 

increase in m i t o c h o n d r i a wil l also c o n t r i b u t e to th is t y p e of 

h y p e r t r o p h y . Indirect s u p p o r t for this concep t comes f rom the 

fact tha t the s low- twi tch fibers of bodybu i lde r s are t he m o s t 

hype r t roph ied of all the fiber types measu red a m o n g we igh t 

trainees, or of any athlet ic g r o u p invest igated, and tha t slow-

twi tch fibers have the highest m i t o c h o n d r i a l dens i ty of all t he 

fiber types . Th i s indicates t ha t b o d y b u i l d i n g t r a in ing is 

sufficiently endurance-based in n a t u r e to dr ive changes in 

mi tochondr ia - r ich s low- twi tch muscles , and t h u s m a y result in 

increased m i t o c h o n d r i a l biogenesis in t he re levant fiber types . 

H o w e v e r , since this t ype of h y p e r t r o p h y lacks a significant 

force-product ion c o m p o n e n t , i t explains w h y s o m e individuals 

w i t h smaller muscle mass can out-lift individuals w i t h m u c h 

m o r e extensive muscu la r d e v e l o p m e n t der ived f rom 

bodybui ld ing t ra ining. 

Concen t r a t i ons of the e n z y m e s responsible for dr iv ing 

A T P p roduc t ion also increase as a consequence of t ra ining. 

Several researchers in the 1970s i n d e p e n d e n t l y demons t r a t ed 

increases in the concen t ra t ions of e n z y m e s responsible for 

catalyzing all th ree of the A T P p a t h w a y s discussed earlier. Of 

p r imary interest is the finding tha t concen t ra t ions of enzymes 

driving the resynthesis o f A T P f rom A D P and creatine 
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phosphate, as well as those responsible for glycolytic 

metabolism, can be increased w i th weight t raining. T h e degree 

of increase in e n z y m e concent ra t ions is related to the durat ion, 

frequency, and intensi ty of t ra ining. Programs that elicit 
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Real i ty Check 
T h e r e has been and continues to he debate between 

various factions of the biomechanics community regarding 

how muscle hypertrophy actual ly occurs, whether through 

"cell hypertrophy," the enlargement of individual cells, or 

through "cell hyperplasia," an increase in cell numbers. In 

reality, there should be no debate, since the works of Phil 

Gollnick and Ben T i m s o n clearly demonstrate that cell 

hypertrophy is responsible for muscle hypertrophy. 

Hyperplasia, either through fiber splitt ing or cell division, is 

inconsequential and occurs in only one s i tuation. T h e r e is a 

population of undifferentiated s tem cells immediately adjacent 

to the outer cell m e m b r a n e of the muscle that are referred to 

as "satellite cells." W e i g h t tra ining can induce microruptures 

of the muscle cell m e m b r a n e (not necessarily a b a d thing), 

which then s t imulates any satell ite cells at the site of the 

microrupture to differentiate into t iny new muscle cells in an 

effort to repair the da age a n d ass is t in adaptat ion to the 

stress that caused the microrupture. T h e s e little mononucleate 

cells start to produce sarcoplasm and myofibril lar proteins as 

they assume their new identity as muscle cells. T h i s 

constitutes an alternative version of hyperplasia. B u t this 

process is responsible for no more than 5% of muscular 

hypertrophy, and then only transiently, as the newly 

differentiated satellite cells quickly fuse with existing muscle 

cells for zero net increase in cell numbers at the completion of 

the hypertrophic process. 
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increased enzyme concentra t ions m a y enhance performance 

th rough more efficient p roduc t ion and ut i l izat ion of A T P . 

Energy stores w i th in the cell also increase in response to 

weight training. A T P and CP reserves increase by about 20% 

after a pro longed (mul t i -month) t ra in ing p r o g r a m , resulting in 

m o r e energy immedia te ly available for con t rac t ion . Larger 

stores o f A T P and CP correlate w i t h i m p r o v e d p o w e r ou tput . 

Glycogen stores are also increased as a result of p ro longed 

training, wh ich b o t h increases the a m o u n t of rapidly available 

energy and also con t r ibu tes to muscle h y p e r t r o p h y . 

Measures of contract i le p roper t i e s , such as p o w e r 

ou tpu t , absolute s t reng th , and rate of force p r o d u c t i o n are 

obviously i m p r o v e d by t ra in ing . These changes are l ikely 

related to the effects we igh t t r a in ing has on t he fiber 

compos i t ion of muscle , since t he ra te of A T P u t i l iza t ion differs 

according to fiber t ype . In decades past , changes in muscle fiber 

types were t h o u g h t n o t to occur , b u t m o r e recent research has 

s h o w n tha t shifts in fiber t y p e do in fact occur in response to 

var ious types of exercise. F u r t h e r m o r e , even in t he absence of a 

fiber t ype change, fibers w i t h s low- twi tch cont rac t i le proper t ies 

can assume m o r e fast-twitch p rope r t i e s fo l lowing s t reng th 

t ra ining. Resistance t r a in ing of four to six weeks in d u r a t i o n 

has been s h o w n to reduce t he n u m b e r of musc le fibers classified 

as s low-twitch. Th i s t r e n d a w a y f rom fibers sui ted for 

endurance act ivi ty m a y po ten t i a l ly affect increases in 

contract i le pe r fo rmance . I t i s also in te res t ing to n o t e tha t the 

in t ramuscular concen t r a t i ons o f A T P and CP are related to the 

fiber compos i t i on of a muscle; if A T P and CP are depleted in 

the muscle for long dura t ions , t he re wil l be a swi tch f rom fast-

twi tch contract i le p roper t i es to s low- twi tch proper t i es . I t is also 

likely tha t the elevated A T P / C P stores associated w i t h heavy 

weight t ra in ing m a y drive this re la t ionship in t he o the r 

direct ion, t o w a r d fast-twitch characterist ics. 



Basic stuff you need to know 

9 1 

Neural Integration: Stimulating the Muscle to Move 

Structure and Function. W h i l e t he muscle fiber is the basic 

unit of con t rac t ion , w i t h o u t its intr icate l ink to the nervous 

system, coord ina ted m o v e m e n t could n o t occur . T h e central 

nervous system is l inked to musc le fibers by w a y of m o t o r 

neurons . These n e u r o n s va ry in size and innerva te vary ing 

numbers of muscle fibers depend ing on fiber-type and muscle 

function. S low-twi tch fibers are i nne rva ted by smaller m o t o r 

neurons . Fas t - twi tch fibers are inne rva ted by larger m o t o r 

neurons . In t e rms of speed and magn i tude of conduc t ion , t h ink 

of the m o t o r n e u r o n s for t y p e I fibers as d r i n k i n g straws and 

those of t ype II fibers as fire hoses . 

T h e n u m b e r of fibers i nne rva ted by a single n e u r o n 

depends on t he muscle and its func t ion . Large muscles 

responsible for large-scale m o v e m e n t s , such as the rectus 

femoris muscle of the th igh , have a l o w ra t io of m o t o r neurons 

to fibers, w i t h a single m o t o r n e u r o n innerva t ing a large 

number of fibers, up to one n e u r o n for as m a n y as 1000 fibers 

(1:1000). Muscles responsible for fine m o t o r activity, such as 

certain eye muscles , m a y have a h igh ra t io of n e u r o n s to fibers, 

nearing 1:10. T h e t e r m m o t o r u n i t i s used to describe a m o t o r 

neuron and all of t he fibers i t innervates , and the 

neuromuscular sys tem is the funct ional integrated w h o l e of 

the body ' s nerves and muscles . T h e m o t o r un i t i s the basic 

functional un i t of t he n e u r o m u s c u l a r sys tem, since muscle 

fibers fire on ly w i t h i n m o t o r uni ts and never individually. 

Heavy, high-velocity t ra in ing over t ime improves recrui tment , 

defined as the quan t i ty of m o t o r uni ts in the muscle actually 

generating force dur ing cont rac t ion . A higher percentage of 

recruited m o t o r uni ts means m o r e force and m o r e power . 

Average novice trainees can recruit a round 70% of their 

available m o t o r uni ts on the day they start t raining. 

Intermediates have increased their neuromuscular ability to 
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recruit m o t o r uni ts and generate force, and by the t ime they 

become advanced trainees they m a y be able to recruit in excess 

of 95% of the available m o t o r uni ts . N e u r o m u s c u l a r 

improvemen t is one of the main reasons s t rength and p o w e r 

can be gained in the absence of muscle-mass increases. 

T h e n u m b e r of fibers innerva ted by a m o t o r n e u r o n 

dictates the m a x i m u m a m o u n t of force t he m o t o r un i t can 

produce dur ing con t rac t ion . T h e m o r e fibers conta ined in the 

m o t o r uni t , the h igher the force p r o d u c t i o n . O n c e a m o t o r 

neu ron is activated, all t he fibers it innervates will cont rac t . 

T h e a m o u n t of force a muscle generates will va ry w i t h the 

n u m b e r of m o t o r un i t s recrui ted . If all t he m o t o r un i t s in a 

muscle are recrui ted s imul taneous ly—a rare occur rence in larger 

muscles—maximal force is genera ted . 

M o t o r un i t s are rec ru i ted in a specific order , according 

to each one ' s t h r e sho ld of s t imulus r equ i red for t he cont rac t ion 

to occur. Lower - th re sho ld s low- twi tch m o t o r un i t s are 

recruited initially regardless of t he in tens i ty of the exercise. 

These m o t o r un i t s are associated w i t h t he m a i n t e n a n c e of 

no rma l pos tu re , and as such t h e y fire m o s t of t he t ime the body 

i s upr ight . W a l k i n g causes l ow- th re sho ld m o t o r un i t 

recru i tment , since p o s t u r e i s be ing m a i n t a i n e d whi le the b o d y 

propels itself fo rward . T h e muscles associated w i t h pos tu re and 

walking therefore w o u l d be expected to have p r o p o r t i o n a t e l y 

higher percentages of s low- twi tch fibers, and t h e y d o . D u r i n g 

low-intensi ty aerobic- type exercise, s low- twi tch m o t o r uni ts are 

preferentially recrui ted , b u t as in tens i ty increases, higher-

threshold fast-twitch m o t o r un i t s are recrui ted . Low- threshold 

fibers con t inue to be recru i ted a t h igh intensi t ies b u t the i r 

con t r ibu t ion is negligible relative to the c o n t r i b u t i o n of the 

high-threshold fibers. If h igh p o w e r o u t p u t is the objective of 

the t ra ining p r o g r a m , i t m u s t be designed to i m p r o v e the 

ability to recrui t h igh- threshold fast-twitch m o t o r uni ts . 
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It is often n o t e d in n e o p h y t e trainees tha t s t rength gains 

are larger t han w o u l d be expected as a result of muscle size 

gains alone. An individual becomes m o r e efficient in 

neuromuscula r funct ion by i m p r o v i n g b o t h technical 

competence and m o t o r un i t r ec ru i tmen t . As expertise increases, 

s trength and p o w e r gains b e c o m e m o r e direct ly related to gains 

in muscle mass t h a n to neura l func t ion , since muscular g rowth 

can occur long after technical and neura l i m p r o v e m e n t 

plateaus. Never the less , w h e t h e r for novices or elites, a p r imary 

training objective shou ld be m o r e comple te , coord ina ted , and 

effective r ec ru i tmen t of m o t o r un i t s in the w o r k i n g muscle. 

N e u r o m u s c u l a r efficiency is t he easiest, fastest w a y for 

i m p r o v e m e n t to occur , and its m a s t e r y is critical for o p t i m u m 

performance . 

Hormones: Mediators of Physiologic Adaptation 

H o r m o n e s are chemicals secreted by glands, and they 

are integral c o m p o n e n t s of t he vast ma jo r i ty of the 

physiological funct ions in individual cells, t he organs , and the 

body as a w h o l e . Each h o r m o n e sys tem is capable of 

responding to external stress, since t he b o d y uses these systems 

to cope w i t h stress and to facilitate adap ta t ion to future stress 

exposure. As such, h o r m o n e systems are an integral pa r t of the 

mechanism by w h i c h the processes in Seyle's t h e o r y operate . 

Each h o r m o n e has a characteris t ic effect or effects on specific 

target tissues (table 4-2). Muscle magazines are filled w i th ads 

and articles abou t h o r m o n e s and h o w to manipula te t h e m 

through exercise, diet, and supp lementa t ion to get bigger and 

stronger, huge and muscular , m o r e massive and powerful . As 

you might imagine, n o t all of these ads are accurate. 
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Table 4-2. Hormones of specific interest to training. 

Hormone Function. H o r m o n e s can affect phys io log ic events in 

t w o basic ways . Fi rs t , h o r m o n e s can change t he ra te of 

synthesis of specific subs tances . E x a m p l e s of th is are an increase 

in contract i le p r o t e i n synthes is o r increased e n z y m e 

p roduc t i on . Second, h o r m o n e s change t h e pe rmeab i l i t y of cell 

m e m b r a n e s . M e m b r a n e s are selective bar r ie r s , a l lowing certain 

molecules to pass i n t o t h e cell w h i l e k e e p i n g o t h e r molecules 

out . H o r m o n e - i n d u c e d changes in pe rmeab i l i t y affect cellular 

function in m a n y w a y s , all of t h e m i m p o r t a n t , since substances 

outside the cell are usual ly necessary for t he modi f ica t ion of the 

e n v i r o n m e n t inside t he cell. 

T ra in ing p r o g r a m c o m p o s i t i o n (frequency of w o r k o u t s , 

dura t ion of w o r k o u t s , exercises, sets, r epe t i t ions , and rest 

periods) affects h o r m o n e p r o d u c t i o n in t he b o d y . Effective 

p rogram design capitalizes on t he b o d y ' s inna te h o r m o n a l 

response to these changes. Well-designed p r o g r a m s , in concert 

w i th sound n u t r i t i o n and recovery , p r o d u c e super io r results. 
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H o r m o n e F u n c t i o n and Characterist ics 

Testosterone Promotes muscle growth and development of 

male sex characteristics; anabolic; increases 

metabolic rate. 

Cortisol Increases in t imes of stress; catabolic; associated 

w i t h decreased performance. 

G r o w t h H o r m o n e Deve lops and enlarges all tissue types; increases 

prote in synthesis . 

Insulin Drives glucose transport in to cells; anabolic. 

Glucagon Drives m o v e m e n t of glucose into b lood; 

catabolic. 

Insulin-like G r o w t h Factor I Mediates g r o w t h factor action; anabolic. 

Epinephrine Mobi l i ze s g lycogen; increases muscle b lood flow; 

increases cardiac contracti l i ty , 
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Hormonal Adaptations. T h e r e has been considerable research 

in the area of hormone-specif ic exercise phys io logy . Whi le 

exercise in general affects n u m e r o u s h o r m o n e systems, a few 

hormones have a direct effect on musc le s t ruc tu re and function 

as they relate to we igh t t r a in ing . 

Testosterone. T h i s h o r m o n e has been the center of 

much scientific and p o p u l a r a t t e n t i o n for m a n y years as its role 

in anabol i sm—prote in synthes is and musc le growth—is well 

k n o w n . I t i s also associated w i t h b o n e g r o w t h , metabo l ic rate, 

glycogen reserves, red b l o o d cell p r o d u c t i o n , and minera l 

balance. Elevated levels have a beneficial effect, b u t the re is 

l imited expe r imen ta l ev idence t h a t exercise or t ra in ing of any 

type elicits increased t e s tos t e rone p r o d u c t i o n . M o r e often t han 

not , researchers have s h o w n t h a t h igh- in tens i ty , shor t -dura t ion 

exercise such as we igh t t r a in ing affects t e s tos te rone levels 

minimal ly , if at all, d u r i n g an exercise b o u t . 

M a n y of these s tudies l o o k e d a t o n l y o n e t ime p o i n t o r 

did no t adequate ly c o n t r o l t he i r m a n i p u l a t e d variables to al low 

a t rue or pract ical i n t e r p r e t a t i o n of data. O u r l abo ra to ry 

evaluated th ree different exercise intensi t ies for the effect on 

testosterone levels in advanced t ra inees . T h e exercise intensities 

represented t he range of percentages of 1RM n o r m a l l y used in 

weight t ra in ing (50% 1 R M , 7 5 % 1RM, and 1 0 0 % 1RM). Three 

c o m p o u n d and large-scale exercises tha t w o r k e d the ent ire body 

in one w o r k o u t we re used: squat , clean, and press. (Studies 

done by D r . R o b e r t K r a e m e r and associates in the 1990s clearly 

indicated tha t w h o l e - b o d y w o r k o u t s are m o r e effective than 

partial-body w o r k o u t s in t e rms of h o r m o n a l disruption.) 

Subjects per formed on ly single-repeti t ion sets, and each group 

did the same n u m b e r of reps in each session to cont ro l for 

volume. Pre l iminary analysis indicates that a bou t of maximal 

singles resulted in about a 10% depression in circulating 

testosterone concent ra t ions , w i th m u c h of the reduct ion seen 
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Figure 4-5. The response of testosterone to varying intensities of weight 

training. Time point 1 = baseline value after two days of enforced rest, 2 = 

30 minutes after a maximum squat, press, and clean workout , 3 = after 48 

hours rest, 4 = 30 minutes after a 50% 1RM squat, press, and clean workout 

(same repetitions as in maximal workout) , 5 = after 48 hours rest, 6 = 30 

minutes after a 75% 1RM workout (same repetitions as in maximal 

workout), 7 = 24 hours after a 75% 1RM workout (preliminary data from 

master's thesis by Becky Kudrna, 2006). 
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within the half-hour following t raining (fig. 4-5). 

Concent ra t ions con t inued to d rop for 48 hour s after t raining. 

The 75%-intensity w o r k o u t induced a mi ld d r o p in testosterone 

levels, and the 50%-intensity w o r k o u t p roduced no d r o p . So i t 

seems that there is a dose-response be tween w o r k o u t intensi ty 

and circulating tes tos terone levels: 5 0 % of m a x i m u m intensi ty 

does no t depress tes tos terone , 7 5 % m a y mi ld ly depress 

testosterone, and max imal w o r k significantly depresses 

circulating tes tos te rone . 
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It is n o t e w o r t h y tha t t es tos te rone levels fall fol lowing 

the cessation of exercise. In fact, res t ing levels of tes tos terone 

can be significantly reduced fo l lowing longer per iods of high-

intensi ty or h igh-vo lume t ra in ing . An initial reduc t ion of 

testosterone levels is an i m p o r t a n t resul t of t ra in ing . A l t h o u g h 

we k n o w tha t we benefi t f rom h ighe r c i rcula t ing levels of this 

anabolic h o r m o n e , i t is t he depress ion of its synthesis tha t 

marks a significant t r a in ing stress. D a t a f rom m u c h research 

suggests tha t a s h o r t - t e r m p o s t - w o r k o u t r educ t ion of 

tes tos terone levels by less t h a n 10% represents inadequate stress 

to force adap ta t ion and tha t a c h r o n i c depress ion of 3 0 % or 

more m a y be associated w i t h ove r t r a in ing . T h e goal of 

p r o g r a m m i n g , in t e r m s of t e s tos t e rone , i s to t ra in h a r d enough 

to initially reduce t e s to s t e rone levels by m o r e t h a n 10% b u t no t 

more t han 30%, and t h e n p r o v i d e app rop r i a t e loading and 

recovery to re-at tain p r ev ious basel ine levels ( that is, to 

supercompensate) . S u p e r c o m p e n s a t i o n is s t rong ly associated 

wi th s t rength and p e r f o r m a n c e gain, and this concep t will be 

explored fur ther in associat ion w i t h advanced t ra in ing 

p rog ramming in chap te r 8 . 

T h e changes in c i rcula t ing t e s tos te rone after a t ra in ing 

session are predic table and in t ens i ty dependen t . F u r t h e r , i t is 

likely tha t rest ing t e s tos te rone levels also adapt pred ic tab ly to 

long-term t ra in ing , and t h a t these adap ta t ions are b o t h in tensi ty 

and vo lume dependen t . I t is also appa ren t tha t the recovery of 

hormona l status after a w o r k o u t or series of w o r k o u t s is 

strongly associated w i t h i m p r o v e d pe r fo rmance . Unders t and ing 

that bo th shor t - t e rm responses and long- te rm adaptat ions in 

testosterone levels relate to Selye's t h e o r y and the two-factor 

model—since t hey are an essential c o m p o n e n t of the 

comprehensive recovery processes discussed in chapter 2—can 

help us design effective t ra in ing p rograms . 
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Cortisol. In contrast to tes tos terone, the net effects of 

C o r t i s o l may be m o r e negative than posit ive for the athlete. In 

fact, Cortisol is one the main influences and con t r ibu to r s to 

metabolic and s t ructural fatigue after t ra in ing. Cor t i so l 

secretion inhibi ts p ro te in synthesis , p r o m o t e s p ro te in 

degradation and the convers ion of p ro te ins i n to carbohydrates , 

and conserves glucose by p r o m o t i n g fat u t i l iza t ion. It is a 

catabolic h o r m o n e and coun te r s the effects of the m o r e 

anabolic h o r m o n e s tes tos te rone , g r o w t h h o r m o n e , and insulin­

like g r o w t h factor. I t w o u l d be beneficial for t he hard- t ra ining 

athlete to ma in ta in l o w e r c o n c e n t r a t i o n s of Cortisol. I t has been 

s h o w n tha t Cortisol levels increase w i t h n o r m a l t r a in ing bouts , 

any external stress, and over t r a in ing . Res t ing Cortisol levels are 

significantly increased after l o n g pe r iods of h igh -vo lume or 

high-intensi ty t ra in ing , b u t t h e y r e t u r n t o baseline w i t h 

adequate recovery , rest , and n u t r i t i o n . 

Cor t i so l response is also t ra inab le . After a b o u t of 

maximal exercise a nov ice m a y exper ience a m u c h greater than 

100% increase in b l o o d Cortisol levels, w h e r e a s m a x i m a l 

exercise in an elite t r a inee m a y i nduce as l i t t le as a 2 0 % increase. 

As we progress t h r o u g h t h e t r a in ing stages, nov ice to elite, this 

i s one of t he w a y s i t b e c o m e s i n c r e m e n t a l l y m o r e difficult to 

d is rupt homeos tas i s . P r o p e r p r o g r a m m i n g , progress ive o r 

per iodized, i s o rgan ized so t h a t i t d i s rup t s homeos tas i s and 

increases Cortisol levels b u t t h e n facilitates a r e d u c t i o n in 

resting Cortisol levels. T h i s requi res t h a t adequa te recovery be 

incorpora ted as an in tegral p a r t of t h e p r o g r a m . 

Growth Hormone. G r o w t h h o r m o n e has n u m e r o u s 

physiologic effects: i t increases b o n e g r o w t h , carti lage g rowth , 

and p ro te in depos i t ion in t he cell and drives me tabo l i sm 

t o w a r d fat u t i l iza t ion . Studies have d e m o n s t r a t e d tha t weight 

t ra ining induces an increase in c i rcula t ing g r o w t h h o r m o n e . 

Concen t r a t i ons change little d u r i n g the first few sets of a 
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whole-body w o r k o u t c o m p o s e d of large-scale mult i- joint 

exercises bu t increase a b o u t twelve sets i n t o the w o r k o u t . 

Concen t ra t ions peak a b o u t 30 m i n u t e s after t he w o r k o u t t hen 

re turn to n o r m a l a p p r o x i m a t e l y an h o u r and a half later. Th i s 

data comes f rom an e x p e r i m e n t us ing a fo r ty -minu te w o r k o u t , 

and i t is possible t h a t l onger w o r k o u t s m a y elicit a larger or 

m o r e p r o l o n g e d g r o w t h h o r m o n e response . I so la t ion exercises 

targeting o n l y o n e segmen t of t h e b o d y are l ikely ineffective in 

altering g r o w t h h o r m o n e levels. 

Insulin. A h i g h l y anabol ic h o r m o n e , insul in regulates 

the pe rmeab i l i ty of cell m e m b r a n e s and facilitates the t r anspor t 

of glucose and o t h e r subs tances i n t o t h e cell. Th i s funct ion is 

crucial for r ecove ry f r o m t r a in ing , since deple ted glucose and 

amino acids m u s t be replaced so t h a t c o m p r e h e n s i v e recovery 

processes can occur . A n i m a l research has d e m o n s t r a t e d tha t 

h y p e r t r o p h y can p r o c e e d in t he absence of insul in , so o the r 

mechanisms are also a t w o r k , b u t insu l in r ema ins one of the 

most po t en t , a b u n d a n t , and easily m a n i p u l a t e d anabol ic 

h o r m o n e s . 

Insulin-Like Growth Factor. Li t t le is k n o w n a b o u t this 

h o r m o n e , b u t t he re is a small b o d y of evidence s h o w i n g tha t 

Insulin-Like G r o w t h Fac tor -1 has a s t rong anabol ic effect. 

Release of this h o r m o n e has been l inked to we igh t t ra in ing in a 

few studies, b u t th is f inding has n o t been consis tent ly 

demonstra ted . O n e s tudy has s h o w n tha t ba th ing isolated 

muscle cells w i t h IGF-1 in a Pe t r i dish induces h y p e r t r o p h y , 

but there is no good data showing tha t IGF-1 can be easily and 

favorably man ipu la ted w i t h t ra in ing. I t has been observed that 

IGF-1 is found in mi lk , possibly con t r ibu t ing to mi lk ' s 

reputat ion as a g r o w t h food for heavy training. 
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Epinephrine. This h o r m o n e causes an increase in the 

amoun t of b lood the hear t p u m p s each minu t e and p romotes 

the b reakdown of glycogen. D u r i n g intense bou t s of t raining, 

epinephrine concent ra t ions can increase a dozen t imes over. 

This m a y help the b o d y cope w i t h the rapid onset of exercise 

both by quickly increasing b l o o d supp ly to the w o r k i n g muscle 

and by helping p rov ide a rap id energy source 

(glycogen glucose A T P ) . Th i s response is t rans ient , w i th 

exercise-induced increases r e t u r n i n g to n o r m a l w i t h i n six 

minutes of the cessation of exercise. 

T h e b o t t o m line for t he a th le te i s t ha t t he b o d y reacts to 

the stress of t ra in ing w i t h a specific set of h o r m o n a l responses. 

These responses der ive f rom t h e b o d y ' s general stress-

r e sponse / adap ta t ion m e c h a n i s m s , as p red ic ted by Seyle's 

theory . I f t he coach designs an a p p r o p r i a t e t r a in ing p r o g r a m 

and the athlete adheres to i t and gets adequa te rest and good 

nu t r i t ion , t he b o d y wi l l respond—large ly t h r o u g h h o r m o n a l 

mechan i sms—opt imal ly t o t r a in ing , and i m p r o v e d per formance 

will be t he resul t . C o a c h e s can a t t e m p t to e m p l o y t ra in ing 

m e t h o d s tha t induce and capi tal ize o n s h o r t - t e r m h o r m o n a l 

responses and long- t e rm h o r m o n e - m e d i a t e d adap ta t ions . 

H o w e v e r , w i t h ve ry few excep t ions , coaches are forced to 

approach this task b l ind ly . B l o o d tests are n o t w ide ly available 

o r useful to the average coach . T h e coach m u s t re ly on his own 

observat ions of his athletes and cor re la te t hose observa t ions 

w i t h the signs and s y m p t o m s o f w h a t he k n o w s to be t he 

effects of desirable and undes i rab le h o r m o n e responses . 

Essentially, a coach m u s t m a k e an educa ted guess as to h o w to 

tailor the t ra in ing p r o g r a m to induce t he necessary h o r m o n a l 

changes required to dr ive pe r fo rmance i m p r o v e m e n t . Later 

chapters will p resent s o m e p r o g r a m m i n g mode l s tha t have been 

s h o w n to induce p roduc t ive changes in t e s tos te rone and 
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cortisol, l ikely t he t w o m o s t i m p o r t a n t h o r m o n e s relevant t o 

strength t ra in ing . 

Cardiovascular Contributions and Requirements 

Cardiovascular Stresses and Adaptations. W h e n an individual 

lifts a heavy we igh t , several events occur t h a t stress the 

cardiovascular sys tem. O n e of t he first i s t h a t the cont rac t ing 

muscles compress t h e b l o o d vessels in t h o s e muscles and 

increase the i r resistance to b l o o d f low. T h i s increase in 

resistance causes a d r a m a t i c increase in b l o o d pressure . T h e r e 

are repor t s of b l o o d p ressure increases as h igh as t w o to four 

times n o r m a l values . T h e s e pressures place a t r e m e n d o u s load 

on the hear t , w h i c h has t o p u m p h a r d e r t o compensa t e and 

cont inue t o del iver b l o o d n o t just t o t h e w o r k i n g muscle bu t t o 

all areas of t he b o d y . 

After long- t e rm w e i g h t t r a in ing , t he hea r t adapts by 

increasing t he th ickness of the muscu l a r wal l of the left 

ventricle (fig. 4-6). T h e increase in hea r t musc le mass enables 

the heart to del iver b l o o d efficiently in spite of t e m p o r a r y 

blood pressure increases d u r i n g exercise. 

Requirements for Cardiorespiratory Fitness. A n issue of 

impor tance to t he s t r e n g t h / p o w e r a thle te i s card iorespi ra tory 

fitness, somet imes confused w i t h aerobic fitness or endurance . 

Aerob ic / endurance fitness relates d i rec t ly to the efficiency of 

oxidative metabo l i sm and is n o t t he same as cardiorespira tory 

fitness—a hea l thy hear t and lungs. Specifically, aerobic fitness— 

the oxidative mechanisms of A T P generat ion for prolonged, 

low-intensity exercise—does n o t con t r ibu te to p o w e r 

performance, e i ther direct ly or indirect ly. Exercise scientists 

trained in academic p rograms w h e r e aerobic exercise is the 

focus will usually say tha t aerobic t ra ining is necessary for all 
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Figure 4-6. There are a number of different types of cardiac hypertrophy. 
The normal, unadapted heart has a "normal" ventricular chamber size and 
muscle wall thickness (A). Long-term resistance training increases the 
thickness of the muscle walls without significantly changing chamber size 
(B). Long-term endurance training increases chamber size without increasing 
muscle wall thickness (C). Pathological hypertrophy results in increased 
chamber size and reduced muscle wall thickness (D). 

athletes. Exercise scientists t r a ined in p r o g r a m s w h e r e 

anaerobic exercise is t h e focus wi l l a rgue against t h a t p o i n t 

vehemen t ly , as s tudies have s h o w n t h a t ae robic t r a in ing can 

actually interfere w i t h m a x i m a l s t r e n g t h and p o w e r gains. 

These a r g u m e n t s s h o u l d be eva lua ted w i t h th ree things 

in m i n d . Fi rs t , c a rd io re sp i r a to ry fitness is p r i m a r i l y a hea l th 

issue, and compe t i t i ve a thle tes do n o t n o r m a l l y fall w i t h i n the 

popu la t ion w h i c h needs t o be c o n c e r n e d a b o u t hear t a t tack 

p reven t ion . (The fact is t h a t elite compe t i t i ve athletes are no t 

concerned a b o u t the i r hea l th ; t h e y are c o n c e r n e d a b o u t 

winning.) Individuals w i t h below-average levels of 

card iorespi ra tory fitness are in fact at a h ighe r r isk for 

developing h igh b l o o d pressure and cardiovascular disease, both 

of w h i c h are cer ta inly de t r imen ta l to hea l th and per formance . 

1 0 2 
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Compet i t ive athletics has a l ready selected against these 

individuals. Peop le for w h o m aerobic t ra in ing addresses a 

p rob lem tha t does n o t exist w o u l d be be t t e r served by devot ing 

the t ime to skill acquis i t ion, m o r e comple t e recovery , or a 

hobby . 

Second, a l t h o u g h a degree of ca rd io resp i ra to ry fitness is 

needed to m o r e efficiently recover f rom sets or w o r k o u t s , 

supply needed o x y g e n and n u t r i e n t s t o t he w o r k i n g muscle , 

and carry away was te p r o d u c t s fast e n o u g h for adequate 

recovery, a V 0 2 m a x o n l y 2-3 m l / k g / m i n above n o r m a l i s 

adequate for accompl i sh ing th is task in s t r e n g t h / p o w e r 

athletes. Th i s is n o t a t r e m e n d o u s i m p r o v e m e n t in 

cardiorespi ra tory fitness above n o r m a l level. In fact, anaerobic 

training a lone, ove r t i m e , develops aerobic fitness to just above 

average levels and there fore negates t he a r g u m e n t for including 

aerobic t ra in ing in p o w e r a th le tes ' p r o g r a m s . L imi t ed early-

season aerobic w o r k w o u l d be sufficient to solve a n y endurance 

problems tha t m i g h t be e n c o u n t e r e d . I f p o w e r athletes s tay in 

the weight r o o m y e a r - r o u n d , t h e r e wi l l be no real need for long 

slow distance w o r k outs ide t h e w e i g h t r o o m . 

Final ly , research regard ing t he use of endurance t ra in ing 

for s t r e n g t h / p o w e r a thle tes r a t h e r s t rong ly suggests tha t 

endurance w o r k interferes w i t h all t he pa rame te r s such athletes 

are concerned w i t h deve loping . T h e m o s t recent research in to 

interference deals w i t h t he t e n d e n c y of aerobic t ra in ing to 

reduce the magn i tude of anaerobic i m p r o v e m e n t w h e n the t w o 

are done toge ther or in close sequence. A n d this research does 

not consider w h a t happens to exist ing p o w e r per formance . I t 

has been well k n o w n since t he 1980s tha t a p r o g r a m of 

endurance t ra ining wil l cause large reduct ions in vertical j u m p 

height. F o r athletes w h o s e spor t requires a mix of anaerobic 

and aerobic /endurance t ra ining, studies suggest that separating 

the t w o by as little as an h o u r b lunts the negative effect of the 

endurance w o r k o u t . T h e studies, and practical experience, 
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indicate that aerobic t ra ining m a y be included at low volumes 

and intensities, bu t the quest ion remains as to w h e t h e r i t 

contr ibutes to effective t ra in ing and t ime management . 

Research examining aerobic-anaerobic interference 

typically looks at the effects of long s low distance-type training 

u p o n s t rength pe r fo rmance . I t is qu i te l ikely tha t interference 

between the t w o occurs due to differences in the na tu re of the 

activities and the metabo l ic p a t h w a y s involved. I t is possible 

that endurance exercise activities t ha t m o r e closely resemble 

weight t ra in ing w o u l d n o t have t he same de t r imen ta l effect on 

p o w e r and s t reng th p e r f o r m a n c e . We suggest t ha t high-

intensi ty glycolyt ic exercise n o t o n l y drives i m p r o v e m e n t s in 

VO 2 max , b u t t ha t th is t y p e o f t r a in ing can be used alongside 

weight t ra in ing p r o g r a m s w i t h o u t signif icantly r educ ing 

s t rength gains. 

T h e d i s t inc t ion b e t w e e n ca rd io re sp i r a to ry fitness and 

aerobic t r a in ing i s pa r t i cu la r ly i m p o r t a n t . A n y o n e w h o has 

ever d o n e a 2 0 R M set of deadlifts k n o w s t h a t t h e r e is a 

ca rd ioresp i ra tory c o m p o n e n t t o t h e w o r k . T h e depress ion i n 

O 2 sa tu ra t ion p r o d u c e d by th is h igh level of g lycolyt ic intensi ty 

i s m u c h m o r e d i s rup t ive to t h e homeos t a s i s of oxygen 

t r anspor t and u t i l i za t ion t h a n t r ad i t iona l low- in tens i ty types of 

aerobic t ra in ing . T h i s m a y b e w h a t dr ives t h e m o d e r a t e 

i m p r o v e m e n t i n V O 2 m a x seen i n t r ad i t iona l w e i g h t t ra in ing 

p rograms , and t he h igh degree of i m p r o v e m e n t associated wi th 

high-intensi ty g lycolyt ic exercise. 

Genetic Potential 

"Genet ics" is a t e r m band ied a b o u t fairly loosely in 

sports . A good def ini t ion of genetic po ten t i a l is w h e t h e r the 

athlete possesses t he active g e n o t y p e necessary to excel in sport . 

In s impler t e rms , does the a thle te have a suitable set of genes, 
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and enough of t h e m t u r n e d on , to be good in the spor t of 

choice? 

T h e r e are at least 73 genes associated w i t h fitness and 

performance. W h i l e h u m a n s all s w i m in t he same genetic poo l , 

there is a huge a m o u n t of va r ia t ion in b o t h the genes possessed 

and the genes act ively expressed. T h e s e var ia t ions lead to 

differences in p e r f o r m a n c e po ten t i a l . A n d so, l ike i t or no t , 

here i s the rule: D N A m a k e s R N A m a k e s p r o t e i n makes 

function. T h e real i ty is t h a t genet ic po ten t i a l u l t imate ly affects 

the pe r fo rmance of every ind iv idua l . 

As an example of h o w a specific gene m a y affect 

performance, cons ider t he actn3 gene, a l i t t le segment of D N A 

that u l t imate ly codes for t he p r o d u c t i o n of alpha-actinin, a 

structural p r o t e i n in t h e z-line of t h e s a rcomere (see figure 4-1 

p. 77). Studies have s h o w n t h a t possess ion of specific variants 

of this gene was s t rong ly associated w i t h elite spr in t 

per formance . T h r e e var ian ts of th is gene have been identified; 

RR, R X , and X X . Possess ion of a specific actn3 profile is 

strongly associated w i t h e i the r an elite p o w e r o r endurance 

performance. In elite spr in te rs (up to t he O l y m p i c level) 50% of 

the actn3 var ian ts p resen t w e r e R R , 4 5 % were R X , and 5% 

were X X . Eli te endu rance athletes w e r e m a r k e d l y different, 

wi th only 3 1 % R R , 4 5 % R X , a n d 2 4 % X X . In light o f this data, 

the RR var iant was t e r m e d t he "spr in t " var iant and the XX was 

the "endurance" var ian t . I t seems clear tha t t he possession of 

the t w o different var iants in significantly different ratios is 

associated w i t h different pe r fo rmance capacities. A vast n u m b e r 

of genes code for funct ional or metabol ic p ro te ins tha t can 

exert the same type of effect. 
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Occas iona l ly an a th le te possesses an excel lent genetic 

profile, and r e sponds wel l t o t r a in ing , a n d i m p r o v e s b e y o n d 

expectat ions . These are t he excep t ions , t hose rare individuals 

tha t can m a k e an average coach l o o k excep t iona l . B u t m o s t 

coaches m u s t deal w i t h all types of a thle tes , genet ical ly gifted or 

no t . Ath le tes c a n n o t change genet ic profi le unless t h e y are 

wil l ing to en te r i n t o t he m o r a l and e th ica l q u a g m i r e of gene 

dop ing ( insert ing exogenous genes i n t o a h u m a n to i m p r o v e 

per formance) . I t is sad to say tha t , at t he t i m e of th is wr i t ing , i t 

has been suggested tha t t h e r e was a t least o n e genetical ly 

enhanced h u m a n c o m p e t i n g in t he O l y m p i c s i n 2004. T h a t 

n u m b e r i s expected to increase d ramat ica l ly in t h e c o m i n g 

O l y m p i a d s . O n l y coaches w h o w o r k a t t h e highest levels o f 

spor t have the l u x u r y o f w o r k i n g w i t h m a n y gifted athletes. 

Mos t coaches m u s t learn to deal w i t h t he average a thle te , since 

t hey will m a k e up the b u l k of a n y t eam, and relish t he rare 

oppor tun i t i e s p resen ted by t he occasional genetic freak. 

1 0 6 

Figure 4-7. The effect of gene redundancy on performance potential. 
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Genetic redundancy is a useful feature of our biology. 

Within every human's genome there are multiple copies of 

many genes. These duplications function as backup in the event 

of damage or malfunction. Even though we have multiple 

copies of genes, not all of them are active at any given time; 

many or most of the copies are inactive or suppressed. In times 

of need, the genes can be expressed through various biological 

processes and can allow for large-scale production of important 

end products which then affect performance (fig. 4-7). If we 

stress the body appropriately, we can turn on the specific set of 

genes that would drive the adaptation to that stress. For 

example, if a trainee has a number of dormant actn3 RR genes, 

we may be able to use high-intensity, low-volume training to 

activate those genes while not activating the additional 

associated actn3 XX (endurance) gene variants. This preferential 

activation will help power athletes attain their fullest 

performance potential without the clutter of unnecessary-

aerobic adaptation. Alternatively, an endurance athlete could 

be preferentially trained with high-volume, low-intensity work 

to activate the actn3 XX variant copies they possess in order to 

make a better aerobic athlete, without the excessive muscle 

mass that might weigh down a marathon time. 

The take-home point is that, while coaches cannot alter 
an individual's "genetic potential," they can program 
appropriately to capitalize on each trainee's genetic profile, if 
that potential is recognized. An athlete who is genetically 
favored will progress faster and ultimately reach higher levels of 
performance if the nature of his potential is correctly identified 
and trained for. Everyone responds to training in much the 
same way, through the same mechanisms; only the rate of 
progression and the magnitude of the result will vary. This is 
why it is possible to define useful generalizations about training 
and coaching. But it also means that individualized training is 
necessary and that you must know your athletes—their 
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strengths, their weaknesses, and the nature of their genetic 

potential. 

Although an individual with few copies of a gene such 
as actn3 will not reach the same level of performance as 
someone with multiple copies of a specific variant, appropriate 
programming can still produce impressive results. Frequently, 
individuals with great genetic potential fail to train 
appropriately, since success has always come easily. A lack of 
work ethic is sometimes the result of exceptional genetics, and 
cockiness occasionally allows a genetically gifted athlete who 
trains inappropriately to be beaten by a less gifted athlete who 
is receiving proper coaching and programming. 

As is often the case, sports preparation can shed light on 

the human condition. Humans are built to move. We evolved 

under conditions that required daily intense physical activity, 

and that hard-earned genotype is still ours today. The modern 

sedentary lifestyle leads to the inactivation of the genes related 

to fitness and performance, attributes that were once critical for 

survival and are still critical for the correct, healthy expression 

of the genotype. The genes are still there, they just aren't doing 

anything because the body is not stressed enough to cause a 

physiological adaptation requiring their activation. Heart, 

lungs, muscles, bones, brain, all operate far below the level at 

which they are still intended to function, and at which they 

function best. Those among us who are sedentary suffer the 

consequences. 

Going Backward: Detraining 

When an athlete stops training for a substantial period 

of time, there will be a regression in strength levels. Although 

strength is much more persistent than endurance (strength 

declines much more slowly than VO2 max does), a trainee's 

ability to generate force can be reduced within a few weeks 
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time and can drop at a rate of about 15% a year depending on 
individual circumstances. This loss of fitness is perfectly 
consistent with what we know about the stress/adaptation 
response. In this case, the stressor is a lack of activity, and the 
corresponding adaptation is detraining. 

If an athlete stops training for a period of a few months 

and restarts training again, he should start back one level below 

here he was when he stopped. For example, an intermediate 

trainee who stopped for 6 months would re-start using a 

novice's program. He would continue using this program until 

his previous levels of strength were regained, and then move to 

a program consistent with where he was before he quit 

training. This process will occur much faster than the first time, 

due to a group of phenomena collectively referred to as "muscle 

memory." A combination of persistent neuromuscular 

adaptation and increased numbers of muscle cell nuclei make 

the rebuilding process proceed quickly. The replacement of the 

layoff-depleted glycogen stores and cytoplasmic volume are the 

main reasons muscle size returns as quickly as it does. In other 

words, the presence of all the metabolic machinery originally 

built during previous training and a diminished but quickly 

replaceable level of the substrate that makes it work are the 

factors that make regaining previously acquired muscle size and 

fitness occur in a fraction of the time it originally took. 

A longer training hiatus requires a different approach. If 
an advanced or elite trainee "retires," and then a year or two 
later decides to once again start training and competing, it 
would be best to begin with a version of a novice program, 
rather than reducing just one level to an intermediate program. 
This athlete has regressed far enough away from genetic 
potential that a short period of simple progression will be 
useful for reestablishing fitness. After the gains from simple 
linear progression begin to plateau, the trainee would follow an 
intermediate program for the short time it would be useful, and 
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then, when improvement plateaus or when in the coach judges 
him ready, he would adopt an advanced training organization. 
This entire process might take anywhere from 3 months to a 
year, depending on the athlete, the sport, and the length of the 
layoff, but in any case, the process would take a fraction of the 
time originally invested in the progress from baseline. 

It is very important to understand that previously 

trained athletes returning from layoffs—even relatively short 

layoffs—must be handled with care. Danger lurks in greed. 

Athletes with even an intermediate training history have 

developed a neuromuscular system that is far more efficient 

that that of an untrained individual; this athlete can still recruit 

a high percentage of his available motor units, although they 

are not in shape to be used very hard. This athletic 

neuromuscular system enables the muscles to generate more 

force than they are currently conditioned to generate safely. In 

practical terms, this means that these trainees are going to be 

very, very sore, unless marked restraint is used for the first few 

workouts. The athlete or coach ignores this fact at peril. 

Extreme cases of soreness, to the point of loss of function, 

disability, or even rhabdomyolysis (the breakdown of muscle 

caused by mechanical, physical, or chemical injury that can lead 

to acute renal failure due to the accumulation of muscle 

breakdown products in the blood) can and certainly do occur. 

So coaches and trainees need to resist the urge to push to the 

limit when returning to training after a layoff. During simple 

progression we are redeveloping the mechanical and metabolic 

abilities within the muscle to match the neural abilities that 

have persisted over the period of detraining. Patience here is a 

priceless virtue. 
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Real i ty Check 
An interest ing phenomenon h a s been noticed in the tra in ing of 

cyclists in the weight room. High- level cycl is ts , especial ly good time-

trial riders a n d t r a c k cycl is ts , who h a v e no prev ious res is tance tra in ing 

experience a r e nonetheless very s t r o n g a n d tend to be ab le to s q u a t 

relatively heavy we ight s even t h o u g h u n t r a i n e d in the s q u a t . T h i s 

presents i m m e d i a t e , potent ia l ly ser ious p r o b l e m s to bo th coaches and 

athletes who a r e no t a w a r e o f the need to exercise re s t ra in t . 

C y c l i n g lacks a s igni f icant eccentric c o m p o n e n t — a "negative" 

movement. Al l eccentric c o n t r a c t i o n , one in which the m u s c l e 

lengthens under a load , occurs in m o s t s low b a r b e l l m o v e m e n t s , since 

lowering the weight i s an in tegra l p a r t of m o s t exercises (this 18 not 

necessarily t rue of the O l y m p i c l ifts , which m o d e r n equ ipment a l lows 

to be done in a concentric-only fashion: we c a n now d r o p our snatches, 

cleans, and j e r k s w i t h o u t t e a r i n g up the w e i g h t room) . C y c l i n g h a s no 

equivalent l oad ing p a t t e r n , s ince a correct pedal s t r o k e either pushes 

down or pulls u p . N e v e r i s the pedal resisted eccentrical ly . So the 

eccentric phase of the contrac t ion , a n d the ab i l i t y of the m u s c l e to 

lengthen under l o a d , r e m a i n s u n t r a i n e d . A d d to th is the fact t h a t 

cycling uti l izes a l imited range of m o t i o n , one t h a t never approaches 

the extent of that used in a full so|uat. A cycl ist very well m a y be 

strong enough concentr ica l ly to c o m e up from the b o t t o m of a deep 

squat, even w i t h o u t ever h a v i n g lowered a we ight t h a t far. He i s 

therefore in the pos i t ion of be ing qu i t e c a p a b l e of push ing a weight 

that is relatively h e a v y for an u n t r a i n e d lifter up from the b o t t o m of 

the squat a n d complete ly u n a d a p t e d to c a r r y i n g i t down. 

It is widely recognized t h a t the eccentric phase of a resistance 

exercise is the p a r t of the m o v e m e n t t h a t produces the m a j o r i t y of the 

soreness assoc iated wi th t ra in ing . A cyclist is u n a d a p t e d to eccentric 

contraction but able to generate h igh concentric force. E x t r e m e care 

must be used when tra in ing these athletes , lest they be crippled by 

soreness from s q u a t t i n g weights they appear to handle easily. Coaches 

should recognize the need for l ight w o r k o u t s at first, and al though this 

may lead mot iva ted cyclists to become frus trated wi th the seeming 

ineffectiveness of the barbe l l p r o g r a m , it is necessary. T h e s e problems 

may also be the reason m a n y cycl ists fail to st ick with weight training 

as part of their sport preparat ion . 
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"One should respect public opinion in so far as is necessary to avoid 

starvation and to keep out of prison, but anything that goes beyond 

that is voluntary submission to an unnecessary tyranny, and is likely 

to interfere with happiness in all kinds of ways." 

—Lord Russell 
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5 - Tra in ing P r o g r a m Basics 
The Nuts and Bolts. 

Programs may vary considerably depending on the sport, the 

goal, the athlete, or the coach. But all strength training is based 

on the use of a few basic tools. These have been developed over 

the past hundred or so years out of the experiences of millions 

of smart folks who paid attention to what worked and what 

didn't while they were getting strong. 

Repetitions 

Organized training programs are based on the concept 

of the "repetition maximum" (RM or max) or personal record 

(PR). This is the maximum weight that an individual can do for 

a specific number of repetitions: 

1RM = m a x i m u m weigh t tha t can be lifted one t ime 

10RM = m a x i m u m weigh t tha t can be lifted ten t imes in a 

single set 

All RM tests that are lighter than a 1RM are by definition done 

with a submaximal weight, since a 1RM defines maximal. A 

5RM will be done with a weight that is 85 to 90% of the 1RM, 

and is thus submaximal. It is very heavy relatively, the 

maximum that can be done for 5 reps, but it is still submaximal 

to 1RM. 
There is no repetition scheme appropriate for achieving 

all training goals (fig. 5-1). The number of reps per set must 
match the metabolic demands of the sport for which the athlete 
is preparing or the goal the trainee wants to achieve, because 
different numbers of reps produce different types of 
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Bodybuilding 
Hypertrophy 

10RM 

Figure 5-1. The repetit ion con t inuum. Different numbers of reps have 

different training effects, and it is impor tan t to match the correct reps to the 

goal of the trainee. (Rippetoe & Kilgore, 2005) 

Endurance can be an important part of power sports 
that involve lengthy competition periods (football, basketball, 
etc.). In these sports, endurance represents the ability to 
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adaptations. Strength, a basic objective of training and an 

important component of power performance, is gained using 

lower repetitions (1 to 3) with heavier weights (90 to 100% of 

1RM). Muscular hypertrophy is produced by using higher reps, 

8 to 12 RM (65 to 80% 1RM) or more, of the specific exercise. 

Power, the combination of speed and strength, is developed by 

using moderate numbers of reps (3 to 5) performed at maximal 

velocity with loads between 50-75% of the 1 RM for the 

exercise. The speed component of power is developed when 

each individual repetition is performed at maximum velocity. 

The load range 50-75% allows most people to develop 

maximum power in each rep. This weight is heavy enough that 

a high amount of force must be used to accelerate it, but light 

enough that the velocity is sufficiently high for power 

production. Power training of this type also increases strength 

at heavier weights by teaching the neuromuscular system to 

recruit high-threshold motor units more efficiently. When 

heavy weights are used, this improved ability to "explode" is 

useful even at the slower velocities of 1-5 RM. 

1RM 

High force production 
No endurance component 

20RM 

Low force production 
High endurance component 

Strength sports 
Strength 

Cycling 
Anaerobic endurance 
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produce many consecutive bursts of anaerobic effort, and such 

endurance is best produced by increasing the number of low-

rep sets, rather than by increasing the number of reps, since this 

more closely duplicates the metabolic demands of the sport. A 

similar approach would be to condition with multiple short 

sprints, perhaps 40 reps of 20 meters, as opposed to doing 

longer distances for fewer reps. 

Although endurance is usually associated with aerobic 

exercise, it is important to understand that there are different 

types of endurance. Aerobic endurance for long slow distance is 

one example, but endurance can mean several things. Local 

muscular endurance—the ability to tolerate the pain and clear 

the high levels of lactic acid generated by the muscles during 

intense efforts lasting 30 seconds to several minutes—can be 

very effectively improved through weight training. High-rep 

sets are used for this purpose. And by increasing the strength of 

an endurance athlete, it is possible to quite effectively increase 

the time to fatigue by reducing the relative effort required for 

each submaximal contraction. High reps, in excess of 15, can be 

used effectively for such athletes to increase lactate tolerance, 

and sets of 5 can be used on alternating workout days to 

increase absolute strength. Neither of these rep schemes 

directly improves any aspect of oxidative metabolism, yet both 

also act to improve aerobic endurance performance. 

Sets of more than 15 to 20 reps will yield significant 
improvements in muscular endurance, but will not produce 
large strength gains due to the lighter weights necessarily 
involved, and this is certainly not optimal for any athlete with 
the primary goal of improving either power or strength. 
Athletes for whom power must be produced repeatedly for 
extended periods must still be trained to produce power, and 
high -rep sets do not accomplish this. 
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Sets 

Most national exercise and credentialing organizations 
recommend 1 to 3 sets (groups of repetitions) per exercise, 
irrespective of the fitness goal. This is generally acceptable in 
that it works better than no exercise at all and improvements 
will occur, but results will be better if the number of sets is 
actually designed to produce a specific result and achieve a 
definite training objective. Doing one set at 8 to 12 RM will 
yield about 80% of the potential gains from training in the 8-to-
12-rep range. This may be enough to achieve the fitness goal of 
a typical health club member, or it may be adequate for 
assistance exercises after the actual barbell workout. It is 
inadequate for most athletes trying to improve strength and 

power. 
As with other aspects of training, the number of sets 

must produce the metabolic effect desired as an adaptation. 

One set of an exercise is not capable of producing the stress that 

multiple sets can produce, because stress is cumulative. If one 

set is all the work that is necessary to force an adaptation, then 

the athlete has not been training either very long or correctly, 

because an athlete's ability to adapt to training stress is itself 

one of the aspects of physiology that adapts. As an athlete 

progresses through the stages of advancement, more stress is 

required to disrupt homeostasis. One set of an exercise—no 

matter how hard, or long, or heavy the set—is not enough 

stress to cause an adaptation in an already adapted athlete. As 

an athlete progresses past the novice stage, his adaptive capacity 

becomes advanced to the point where stress must be 

accumulated, not just with multiple sets during one workout 

but over several workouts, and training complexity must 

accommodate this fact. This will require programming more 

complicated than one-set-to-failure, one set of twenty, or other 
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types of single-set training organizations that might work well 
for some novices in bodybuilding and physique activities. 

Multiple sets are required to make the best use of a 

trainee's gym time. Basic exercises that are critical for 

enhancing sport performance should be done for multiple sets. 

Depending on the trainee's level of advancement, this could be 

as few as 3 to 5 sets for novices or as many as a dozen sets for 

the elite athlete. Numbers of sets, as mentioned above, can 

accumulate for an emphasis on endurance for sports that 

involve long periods of time under competitive stress, such as 

football or boxing. Lighter-percentage sets can be done under 

controlled rest intervals to simulate the metabolic stress of the 

sport for a very effective preparatory tool. The possibilities are 

limitless, depending only on your ingenuity in creating the 

metabolic conditions necessary for further, specific adaptation. 

When referring to the number of sets, a distinction must 

be made between warm-up sets, the lighter preparatory work 

that readies the trainee for heavier work, and the work sets, 

which accomplish the training objective for that workout. 

Warm-up sets prepare the tissue and the motor pathway for the 

coming work. As such, they should not fatigue or interfere 

with the work sets; their purpose is to facilitate the work sets, 

not function as work themselves. When properly planned, 

warm-up sets need not be counted as work, since they will 

always be light enough that in the absence of the subsequent 

work sets no adaptation would result from their having been 

clone. 

Work sets are the heavy sets that produce the training 
effect of the workout. They may be progressive—they may go 
up five or ten pounds per set until they are all done—or they 
may be done "across," with the same weight for all sets. 
Progressive sets are a good way to explore an athlete's 
capabilities with a load if uncertainty exists about his ability 
with it. For instance, coming back from a missed week, an 
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Rest 

The time between sets is an important variable in 

workout configuration. Several exercise organizations 

recommend 30 seconds to 2 minutes between sets. This also 

varies with the goal of the training program. If strength gains 

are the primary training objective, rests of greater than one 

minute are not only okay but necessary. While partial recovery 

from anaerobic exercise is rapid (50% recovery of A T P / C P 

stores in 3 to 5 seconds), complete recovery doesn't occur for 

three to seven minutes, depending on several individual factors 

such as the intensity of the set, the fatigue and nutritional status 

of the lifter, as well as the trainee's age, the temperature of the 

facility, and injury status. Competitive strength and power 

athletes are often instructed to use rests of much greater than 

two minutes. In contrast, if muscle hypertrophy is the only 

concern, rests of 45 seconds or less are best. There seems to be a 

link (although not necessarily a causal relationship) between 

lactic acid production from resistance exercise, hormonal status, 

and increases in muscle mass. Between-set rests of about 45 

seconds seem to be optimal in maintaining this relationship. If a 

training regimen is undertaken to increase muscular endurance, 

very little, if any, rest should be taken between the sets of 

different exercises. 
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injury, or an illness might indicate the need for small 
progressive jumps at work-set intensity. Sets of 5-rep squats at 
285, 295, 305, 315, and 325 are an example of progressive sets 
for an athlete otherwise capable of 315 x 5 x 5 (5 sets of 5 reps 
each, with 315 pounds), which is an example of sets across. Sets 
across is a marvelous way to accumulate total set volume of 
high quality, since the weight chosen is repeated for all the 
work sets, producing higher average load at the limit of the 
trainee's ability. 
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It is also important to consider which sets the rest 

occurs between. Warm-up sets function as preparation for 

work sets, and they should be approached with this in mind. 

The lightest warm-ups will not be heavy enough to produce 

any fatigue, and no rest need be taken longer than the time it 

takes to load the bar for the next set. As they get progressively 

heavier, more time should be spent between warm-up set. As a 

rule, warm-ups facilitate work sets; they should not interfere 

with them. If three heavy sets across are to be done after warm-

up, 15 warm-up sets done as fast as possible up to 5 pounds 

away from the work set would be inappropriate, since the 

fatigue of this warm-up would interfere with the work-set 

intensity. 

Workout Frequency 

The American College of Sports Medicine (ACSM) 
prescribes training two days per week for improving "muscular 
fitness." Many exercise organizations propose a three day per 
week schedule, yet the vast majority of elite weightlifters train 
six days per week, with multiple workouts per day. Why such a 
discrepancy? First, the ACSM's guidelines are minimal 
recommendations for the sedentary general American public, 
not for athletes. Second, textbook recommendations often fail 
to account for individual differences in ability, level of fitness, 
training objective, and all other parameters that may influence 
the ability to recover from more frequent training. Finally, 
elite athletes are highly adapted to training and can not only 
tolerate, but in fact require much higher training loads than 
novice or intermediate trainees to sufficiently disrupt 
homeostasis and facilitate further adaptation. This level of 
training stress cannot be administered in three sessions per 
week without overwhelming the athlete's recovery ability; they 
must be distributed more uniformly over the week. This will 
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Table 5-1. Factors involved in determining the number of workou t s to 

include in a training program. 

1 2 0 

require many more than three workouts per week and possibly 
multiple daily workouts for some athletes. These specific details 
are addressed in subsequent chapters. 

Careful selection of the exercises included in a series of 
workouts can enable the trainee to recover more efficiently and 
therefore perform more work per week. Basic guidelines are a 
good starting point, but every trainee is different. Table 5-1 
offers some basic guidelines regarding workout frequency. 
Experimentation with various workout frequencies is the best 
way to determine each trainee's capacity and optimal workout 
frequency. 

Level of ability Novice: fewer workou t s 

Advanced: more workou t s 

Level of fitness Poor : fewer workou t s 

Excellent: more workou t s 

Desired level of achievement Lower: fewer workou t s 

Higher : m o r e workou t s 

Individual time constraints Does the athlete have the t ime available to 

do the workouts? 

Motivation Does the athlete have the necessary 

mot ivat ion to stick wi th a really tough 

program? 

Bodyweight Smaller trainees seem to recover from 

intense workou t s more efficiently than 

larger athletes. 
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Exercise Selection 

The combinations of exercises included in a workout 
and in a long-term training program directly affect progress. 
The most important consideration for exercise selection should 
be the functional application of an exercise to the training 
objective. Exercises chosen should develop the muscle mass, 
strength, or power of the athlete in a way that specifically 
applies to the sport he is training for. They should produce 
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Too few workouts per week will not adequately stress 

the body, and no positive adaptation will occur. A common 

way to organize training among recreational lifters and 

bodybuilders is a "split" routine, where one body part or 

"muscle group" is worked each day, until the entire body has 

accumulated a workout. If "chest" is only trained once a week, 

even though training may occur several days per week, "chest" 

will not receive enough work to constitute overload, and 

optimal adaptation cannot occur. By the same token, "chest" 

will usually include triceps, since the bench press is the favorite 

chest exercise; if "shoulders" involves pressing, "arms" get their 

own day too, and "back" really means lats and therefore lat 

pulldowns or chins, it is possible to expose the triceps to four 

or more workouts in a week. This is an example of poor 

training organization producing a schedule that includes both 

inadequate and excessive exercise frequency. 

It is also worthwhile to note that the incidence of 

training injury is higher with more than five aerobic workout 

days per week. Aerobic exercise programs involve thousands of 

identical and repetitive movements over a short range of 

motion, and are thus inherently different than weight training, 

even when weight training workout frequency is very high. 

The end result is a higher incidence of repetitive use injuries in 

endurance athletes. 
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strength and power in ways relevant to performance, using the 
muscle groups involved in the sport in ways that are 
metabolically relevant. It is not necessary that exercises exactly 
mimic or duplicate skills or movement patterns of the sport. It 
is necessary, though, that exercises adequately prepare the 
neuromuscular system for the range of motion, power 
requirements, strength requirements, and endurance 
requirements of the sport. Specific sport skills are acquired in 
sport practice; fitness for sport is enhanced by appropriate 
strength and power conditioning outside of sport practice. 

Virtually every single effective exercise program for 

sports performance will comprise the following rather short list 

of weight room exercises: squat, press, deadlift, bench press, 

clean or power clean, jerk, snatch or power snatch, and chin-

ups or pull-ups. These movements can be used in various ways 

to satisfy all the requirements for exercises that contribute to 

performance. It is imperative that their performance and 

correct use be mastered by both athlete and coach. 

The next consideration in exercise selection is how 

many times per week an exercise, or type of exercise, should be 

done. To make exercise selection more logical, it is best to 

consider specific groups of related exercises. For a weightlifter, 

there would be four basic groups: 1) snatch-related, 2) clean-

related, 3) jerk-related, and 4) squats. An athlete in a less 

specialized sport concerned with strength and power might use 

three categories: 1) squats and squat variants, 2) pressing and 

pressing variants, and 3) pulling, which includes deadlifts, 

cleans, and snatches. The example here for a weightlifter can be 

used as a template for power sports, such as field events. 

Football players would use the less-specialized template, since 

there is a significant strength component in addition to the 

power demands of the sport. There is a great degree of possible 

variability within each of these templates. For weightlifters on 

a three-workouts-per-week schedule, two workouts might be 
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devoted to more technically demanding snatch-related exercises 

and one day to clean- and jerk-related exercises, and then the 

emphasis could be reversed the following week, with two clean 

and jerk workouts and one snatch workout . Squats would be 

included in workouts on all three days, since athletes need 

strong hips and legs. Football players should also squat all three 

days, and could alternate bench presses with presses and 

deadlifts with cleans. 

Note that this represents a whole-body workout every 

time, the preferred approach to training. It is not productive 

for athletes to think in terms of body parts or muscle groups, as 

bodybuilders do. The human body functions as a system in 

sports (and life), with all its component parts operating 

together in coordinated synergy. It makes no sense to separate 

it into its constituent components for training when the desired 

result of the training is the improvement of the whole system. 

It does not function that way, and it cannot be effectively 

trained that way, since training must facilitate function. 

Workouts should consist of from three to five exercises, 

appropriately selected from the template groups. Athletes 

seldom need more exercises than this, but if circumstances 

warrant, say, six exercises, it may be more effective to do them 

in two workouts per day rather than all in a single session. Few 

coaches and athletes are afforded the luxury of unlimited time 

in the gym, so if six exercises are required and they must be 

done in one workout, try to do them efficiently. 
Workouts should not consist of ten to fifteen exercises. 

If they do, there are two possibilities. They could be composed 
of too many core exercises, like squats, cleans, snatches, 
deadlifts, and chins, along with benches and presses, and will 
produce overtraining. Or they are composed of ten different 
isolation movements like leg extensions, leg curls, three kinds 
of dumbbell curls, two kinds of dumbbell flyes, and two kinds 
of calf raises, and are a waste of time. Three to five correctly 



Practical Programming 

chosen and performed exercises are all an athlete needs, and 
should be able to do, in one workout. Any energy left over for 
arm exercises means energy not used where it should have been, 
and is typically a sign of an unfocused athlete or a badly 
designed program. 

Exercise Variation 

It is normal to vary the individual exercises and total 

number of exercises included in a training program at several levels: 

the individual workout, the training cycle, and according to the 

advancement of the trainee (fig. 5-2). For the novice, effective 

workouts are short, basic, intense, and progressive. Exercises 

should be chosen to accomplish the program's specified goal in 

the most efficient manner possible. This means large-scale, 

multi-joint exercises involving large muscle masses working in a 

coordinated manner. It therefore requires that coaches be 

effective teachers of movement skills and that athletes become 

better at learning them. Among other things, novices are 

developing motor skills that will allow them to handle a larger 

variety of exercises later in their training careers. As they 

proceed from the novice stage to the intermediate stage, the 

number of exercises in the program increases. This is because 

they have gained strength and motor skill and can now tolerate 

and directly benefit from a wider variety of exercises. 

During the late novice and the intermediate stage, an 

athlete defines the course of his career, choosing a sport to train 

for and compete in. Many decisions are required of the athlete 

at this point. Strengths and weaknesses, abilities and interests, 

time and financial restrictions, and the support of family and 

friends are gauged. This involves experimentation with training 

and its application to the chosen sport, and it requires a greater 

variety of exercises than a novice either needs or can tolerate. 

An intermediate's skills are developing as fast as his strength, 
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Figure 5-2. The selection and total number of exercises used in a training 

program varies by advancement level and the goal of training. Initially the 
beginner has few exercise skills and the primary purpose is to teach basic 
exercise skills and develop basic strength, so only a few exercises are 
included. As the trainee develops strength and motor control with free 
weights, additional exercises can be added. The intermediate trainee benefits 
from a wider variety of exercises to reach his training or sporting 
preparation objectives. The advanced trainee will have already selected a 
sport and is a competitive athlete. This allows the coach to narrow the menu 
to those exercises most relevant to the sport. The elite athlete is an 
accomplished expert, competing at a high level, and uses only those exercises 
that have proven to be necessary and useful for that individual athlete and 
his sport. 

power , and recovery abil i ty. I t is at this t ime , w h e n the ability 

to learn is peaking, t ha t an athlete benefits mos t f rom exposure 

to new m o v e m e n t pa t t e rns and n e w types of stress. F o r these 

reasons, exercise var ie ty for in te rmedia tes is h igher than for 

novices. 

It is also h igher t h a n for advanced athletes, w h o already 

know the things an in termedia te is learning and w h o have by 

definition developed in their compet i t ive careers in to specialists 

1 2 5 



Practical Programming 

1 2 6 

at one sport. These athletes use fewer exercises, because they 
know exactly which ones are relevant to competitive success 
and know how to manipulate their well-developed 
stress/adaptation mechanisms. Elite athletes are accomplished 
competitors, experts in their sport, and are well into their 
careers. They have developed highly individual training 
programs that might involve only four or five exercises but that 
very specifically develop critical aspects of their already highly-
adapted muscular, neuromuscular, and psychological abilities. 

Variation in exercises improves the stress/adaptation 

response to training, thereby delaying the inevitable 

performance plateau as long as possible. Essentially, the 

purpose of exercise variation is to make the body treat each 

workout as if it were a new stimulus, so that further adaptation 

can occur. From a psychological perspective, it also reduces the 

boredom that can accompany monotonous workouts and 

further stimulates progress by keeping motivation levels higher. 

Motivated trainees tend to push harder, contributing to the 

quality of the stimulus to the stress/adaptation system. 

Exercise selection must be based on a thorough 

understanding of both the benefits and limitations of the 

exercises and the requirements of the sport for which they are 

being used. A few basic principles should be kept in mind 

whenever designing weight training programs for sports. 

First, the exercise must fit the sport biomechanically. 

The vast majority of sports for which weight training is used as 

a conditioning tool rely on the coordinated effort of all the 

muscles in the body as they generate force against the ground 

and apply that force through the upper body. Effective 

exercises for sports like this will also generate force against the 

ground and apply it through the upper body. Large-scale 

structural exercises—squats, presses, cleans, deadlifts, bench 

presses, and snatches—provide the best quality, biomechanically 

applicable work for sports that require strength, power, 
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balance, and agility. Exercises that attempt to divide the body 

into segments for separate training are much less effective, since 

it is the coordinated use of all the segments working together 

that produces the sport-specific movement. Whole-body 

exercises have been shown to produce superior results, through 

their ability to train the system as a coordinated whole as well 

as their capacity to perturb homeostasis and affect the entire 

hormonal milieu. 

The second criterion for programming weight training 

for sports is that the exercise must benefit the sport 

metabolically. If the sport requires the brief, explosive bouts of 

high power generated by the whole body, the chosen exercises 

must be capable of producing this adaptation. If the sport 

requires pulses of explosion for several seconds repeated over a 

longer period of time, the exercise must challenge the depth of 

the ATP-CP system's ability to provide for this. If the sport 

demands efficient lactate clearance at intensities near anaerobic 

threshold for extended periods, the exercise must be capable of 

producing this stress in a controllable, programmable way. 

Meeting the demands of sports with this degree of specificity 

involves more than just matching sets and reps to the expected 

loads; the exercises themselves must be capable of producing 

these specific qualities of the expected stress in ways that fit the 

mechanical requirements of the sport. It is not enough to do 50-

rep sets of leg extensions if hill climbing on a bicycle is to be 

prepared for correctly, since more muscles than the quads are 

involved in the sport. Heavy preacher curls do not prepare a 

defensive lineman for the job of moving a guard and making a 

tackle, since the biceps are probably the least important muscle 

group in the kinetic chain that accomplishes the job. 

Third, the exercise must be workable within the context 
of the program—the time and equipment available, the skill 
levels and maturity of the trainees, and the ability of the coach 
to teach and administer the program. A $10,000 barbell-based 
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weight room in the hands of an experienced coach is far 
superior to a $300,000 collection of exercise machines run by an 
inexperienced trainer. Every situation is different and few are 
ideal, but at a minimum the program should include as much 
barbell time as possible, and the complete absence of machines 
should not be considered a drawback to the success of the 
program. 

Adding variation to the program is accomplished within 

the context of function. New exercises should have a purpose 

other than just being new. For the squat, reasonable variations 

would be high-bar (Olympic) squats and front squats. The leg 

press would not be reasonable because it is not a functional 

movement—it does not provide either the biomechanical 

specificity to sports or the capacity to produce the metabolic 

stress necessary to be considered functional. If leg presses are 

done, it should be only as assistance exercises, not as a variation 

of the squat, and as such they will occupy a different place in 

the workout hierarchy. 

If an intermediate trainee needs to add another 

workout—a medium or light day—to his week, or if the 

decision is made to cut squats back to twice per week and 

substitute a variant for the third day, it might be appropriate to 

rotate between front squats and high bar squats as the variant 

squat workouts. This is what is meant by "variation," where 

the quality of the workout remains high due to the careful 

choice of substitute exercises that accomplish the same purpose 

as the basic movement but in a slightly different way. 

For the novice lifter, each training day of a three-day 

week should be heavy, since this is consistent with linear 

progression. As intermediate status is achieved, more variation 

becomes necessary, and light and medium days become part of 

the week. New exercises should be initially included on light 

and medium days because the neuromuscular novelty of these 

exercises will produce beneficial adaptations at lower 
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intensities. This way, a light day of training can produce a 
significant training stimulus while still allowing for recovery 
from the preceding heavier workouts. 

It is important to note that with any new exercise, the 

weight that can be used increases quickly, much like the general 

response seen in a novice trainee. Adaptations in 

neuromuscular efficiency and motor coordination are 

responsible for much of this early improvement. After this 

early progress tapers off, the variant exercise is no longer a 

variant, and can then join the standard exercises for inclusion 

on heavy days. In this way the intermediate increases his 

training repertoire as more exercises accumulate. 

Exercise Order 

Workouts should be ordered in a way that allows the 

most important exercises to be done first. "Important" is 

obviously a relative term, and the most important exercise to a 

novice is very likely different than that for an advanced athlete. 

Basic strength for a rank novice is the primary training 

consideration, and this means that squats should always be 

done first. Between strength movements that use some or most 

of the same muscle groups, it is useful to insert exercises that 

use other muscles so that some measure of recovery can occur. 

Bench presses or presses are commonly done between squats 

and deadlifts, so that the best performance can be obtained 

from these lower-body exercises done in the same workout. If 

power cleans are to be done, they can usually be performed 

effectively by novices after the short break from squats 

provided by benches or presses, since these trainees are not yet 

proficient enough at power cleans that a small amount of 

fatigue will adversely affect them. Any other assistance work 

would be done after the structural exercises, if time and energy 
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levels permit , since their inclusion in the w o r k o u t is no t as 

critical to the basic effects of t ra ining. 

As the trainee advances, o the r considerat ions complicate 

the scenario. If p o w e r becomes a p r i m a r y t ra in ing objective, as 

it will for O l y m p i c lifters and t h r o w e r s , the emphasis will shift 

to those exercises and t hey will be pe r fo rmed first, w i t h squats 

moving to the end of the w o r k o u t . As a general rule , the faster 

the m o v e m e n t , the m o r e technical t ha t m o v e m e n t is; and the 

m o r e technical the m o v e m e n t , t he m o r e i m p o r t a n t i t i s to do i t 

w i t h o u t the interference of fatigue. F o r in te rmed ia te and 

advanced athletes, snatches , cleans, jerks , and the i r related 

m o v e m e n t s shou ld be d o n e ear ly in t he w o r k o u t , w i t h s lower 

strength-focused m o v e m e n t s d o n e later . 

Fat igue decreases t he prec is ion w i t h w h i c h m o t o r uni t 

r ec ru i tmen t pa t t e rns can be m a n a g e d and has a d i rec t bear ing 

on the skill w i t h w h i c h a m o v e m e n t can be execu ted and 

pract iced (fig. 5-3). M o v e m e n t s t ha t d e p e n d h igh ly on skill of 

execut ion—those for w h i c h technica l c o m p o n e n t s are m o r e 

l imit ing t h a n s t r eng th level for d e t e r m i n i n g t h e 1RM—should 

be done first in t he w o r k o u t , before fatigue has b l u n t e d the 

u n i m p e d e d c o n t r i b u t i o n of efficient force p r o d u c t i o n to the 

m o v e m e n t . A sna tch is l imi ted by t he abi l i ty of t he lifter to 

execute the m o v e m e n t in a t echnica l ly co r rec t m a n n e r m o r e 

than by the absolu te s t r eng th of t h e a th le te . But i f the athlete 's 

s t rength i s c o m p r o m i s e d by fatigue, t he abi l i ty to app ly tha t 

s t rength in the cor rec t w a y wil l in ter fere w i t h the technical 

execut ion of t he lift, since cor rec t t e chn ique depends on the 

ability to deliver m a x i m u m p o w e r to t he bar a t t he r ight t ime 

in the r ight pos i t ion , all of w h i c h are affected by t he abil i ty to 

produce m a x i m u m force, t he v e r y t h ing tha t fatigue affects. 
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Figure 5-3. Electromyogram (EMG) and force production tracings from a 

high-rep set. Note that the muscle fatigues as more repetitions are completed 
and that motor control erodes with fatigue, as evidenced by the amplitude 
scatter of the EMG tracing. This effect can result from a single set, as 
presented here, or can be the cumulative result of repeated sets. 

Speed of Movement 

There is a persistent belief among the public, many 

personal trainers, some coaches, and even among many exercise 

scientists, that weight training exercises must be done slowly. 

The intentional use of slow movement in weight training 

reflects an inadequate understanding of the nature of efficient 

power production, the physics of work, and weight-room 

safety. 

A slow cadence increases the time under tension (how 
long the muscle spends contracting) and is thereby thought to 
increase the amount of work the muscles do and the resulting 
amount of muscular development. An examination of the 
physiology of power production, though, is enlightening. The 
vast majority of research demonstrates a clear relationship 
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between high movement speed and the ability to generate 
power both at that speed and at all slower speeds. Conversely, 
exercising at a slower speed develops strength only at that speed 
and does not improve power at faster movement speeds. 
Complete power development across the whole range of 
movement speeds requires high-velocity loaded movement. 

This is because high power production depends on the 

recruitment of a maximum number of motor units to generate 

the high amount of force necessary to produce that power. 

More power requires an increased efficiency in the number of 

motor units firing during contraction and—most importantly 

for the person interested in more muscle—a resulting increase 

in the actual amount of muscle tissue involved in the work. As 

more high-threshold motor units are recruited to generate more 

power through increased force production, more of the muscle 

fibers in the muscle go to work, using more A T P that must be 

replaced through active metabolic recovery processes. Studies 

have found that longer duration repetitions, with a longer time 

under tension, actually result in a significantly lower oxygen 

debt (a measure of how much metabolic work was done) when 

compared to the fast moving repetitions. This is because only 

the lower-threshold motor units are recruited and fatigued by 

lower-movement-speed exercise. It is true that fatigued motor 

units generate lactic acid in the 8-to-12-rep range, and lactic acid 

"burns," even if it is being generated only by the low-threshold 

motor units. But the fact is that more muscle tissue is recruited 

and worked by higher-velocity movement than by slow 

exercise speeds. In the interests of both muscle mass and power 

training, higher velocity works better. 

The commercial emphasis on exercise with machines 
may be the source of a lot of the misinformation about weight 
training, due to considerations other than the physiology of 
exercise. Because of their construction, they generally have 
limitations in their use, one of which is that if the stack is 
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dropped, the plates may fracture. Over the decades since the 

invention of weight machines, this limitation has produced the 

dogma that a specific exercise cadence (a count of 2 up and 4 

down or something similar) is needed for optimal results from 

weight training. This also controls the noise level in the spa. 

This conventional "wisdom" developed from the desire of spa 

management to extend the life of their machines and make for a 

more placid business environment. It might make good 

financial sense, but the reasoning is not derived from exercise 

science. The practices that benefit health club management are 

not necessarily the ones that contribute to your increased 

development and performance. 

Safety also gets dragged into discussions of movement 

velocity, under the assumption that fast is dangerous, as in 

driving a car. But just as in driving, it really depends on the 

ability of the operator. The m o r e experienced an athlete 

becomes with barbell exercises, the more efficiently and safely 

he can perform them at higher speeds. Squats can be dangerous 

for novices at high speeds, but for advanced athletes high-speed 

squats are a very productive power exercise. If technique is 

correct, all multi-joint exercises can be performed in a way that 

enhances power production. Safety is the result of correct 
technique, at any velocity. High-speed exercise is necessary if 

power is to be trained. This obviously means that power 

training is not inherently dangerous; if it were, the only 

powerful athletes would be the ones that were born that way. 

Bad technique is inherently dangerous, whatever the speed or 

load. Good technique increases safety, and that should be the 

emphasis in every weight room. 

The correct movement velocity of an exercise should be 
determined by the movement pattern of the exercise and the 
effect the exercise is intended to produce, not by arbitrary 
notions of intensity or safety. Many exercises cannot be 
performed slowly. A slow clean is not a clean; in fact, a clean 
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cannot be performed without an explosion at the top that 
converts the pull to a catch. On the other hand, some single-
joint exercises cannot be performed both quickly and correctly. 
A barbell curl cannot be performed rapidly through the entire 
range of motion. In fact, one might argue that the more slowly 
an exercise must be executed, the less valuable it is for sports 
training. And the closer a weight is to 1RM, the slower it 
moves; this is true for any exercise, regardless of its nature. A 
heavy snatch comes off the floor more slowly than a light one, 
although it will still be faster than a heavy deadlift. Movements 
that are limited by absolute strength will approach zero 
velocity in a true 1RM, and will always be slower than a 1RM 
explosive movement. Many factors affect movement speed, and 
blanket statements about what is best are seldom useful, except 
that faster is almost always better. 

Warm-up 

Warming up is an essential component of training, but 

it need not be a tremendously creative affair, with lots of arm 

waving, hopping, wiggling, and calisthenics. Once again, the 

warm-up should fit the workout , and if weight training is the 

workout, then the warm-up should prepare the body for 

weight training. Preparation is both muscular and 

neuromuscular: it elevates the temperature of the muscles and 

associated tissues, making them more flexible and less prone to 

injury, and it improves muscular contractile properties while at 

the same time allowing the movement pattern to be practiced 

so that it is familiar, comfortable, and more automatic at work 

set weights. Begin with a simple five minutes on an exercise 

bike or rower; other types of aerobic exercises, like treadmill 

walking or the elliptical trainer, are less desirable since they 

involve an inadequate range of motion. Five minutes only with 

a gradual increase in intensity elevates body temperature and 
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prepares the body to exercise. Then move directly to the first 

barbell exercise. Do the complete range of motion for that 

exercise with an empty bar first, for as many sets as necessary 

to warm the range of motion (this might be as many a five sets 

for an injured athlete, or a creaky old masters guy). Then 

increase the weight in even increments for 3 to 5 sets until the 

trainee is ready to handle the work set weight. After the work 

sets, repeat the process (without the aerobic part) for every 

exercise in the workout . 

In more experienced trainees, warm-up reps can be 

tapered down to two or even to a single rep for the last warm-

up set, saving gas for the work sets. Novices who need the 

motor pathway practice should stay with the full number of 

reps all the way up, until skill level permits the taper. 

And it is very important that the athlete understand the 

proper role of warm-ups: they prepare for the work sets; they 

do not interfere with them. If the last warm-up set is too heavy, 

i.e., too close to the weight of the work set, it will fatigue 

rather than warm. The warm-up sets are valuable in that they 

ready the body for the work sets, but they do not themselves 

make anything stronger. If 295 x 5 x 3 are the bench press 

work sets, 285 x 5 is not a good idea for the last warm-up. If 

295 is heavy enough to constitute an adaptive load, 285 will 

reduce the likelihood of getting all 15 reps of work since it is 

close enough to be tantamount to another heavy set done 

before. By the same token, if 295 x 5 x 3 will actually go for 

all 15 reps, 285 x 5 will not produce a strength increase, 

because that adaptation has already occurred or 295 would not 

be feasible. 
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Real i ty Check 
Flexibility is traditionally defined as having complete range 

of motion around a joint. It is probably better described as the 

ability of the muscles that limit motion around a joint to extend 

beyond their resting length. which affects the range of motion 

around the joint. Stretching increases flexibility by increasing the 

ability of the muscles to lengthen, and it should not be thought of 

as acting on the connective tissue of the joint itself. Stretching has 

traditionally been included as part of the pre-training. pre-event 

preparatory ritual. It is thought that stretching before exercise 

prepares the joints to move through their complete range of motion, 

thus improving performance and reducing the incidence of injury. A 

great deal of money has been spent on posters and boobs dealing 

with bow to stretch effectively, and it is nearly universally accepted 

among exercise professionals that stretching must precede exercise. 

But hang on... 

An examination of the scientific and medical literature 

paints a different picture. The majority of the d a t a available 

indicates that pre-training stretching neither reduces the frequency 

of injury nor effectively improves flexibility, the two areas in which 

it is supposed to provide benefit. Studies of marathon participants 

failed to show a difference in injur / rates between athletes who 

stretched before the race and those who did not. But wait, theres 

more! Evidence from studies on vertical jump and broad jump 

performance indicates that pre-event stretching actually reduces 

power output, and other studies suggest that this is true for other 

explosive activities, such as weightlifting, as well. T h i s may be due 

to a reduction in the effectiveness of the stretch-reflex portion of the 

concentric contraction caused by proprioceptive reset during the 

stretch. 

If pre-training stretching doesn't increase flexibility or 

reduce injuries, what does? Proper warm-up safely does both. The 

loaded human body moving through its max imum range of motion 

actually provides a stretching st imulus for the antagonist muscle 

groups, the very ones that are tight. (The agonists cause the 

motion around the joints, while the antagonists resist or decelerate 
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that motion. A lack of extensibility in the antagonists is the usual 

cause of flexibility problems. )A number of studies have shown an 

increase in flexibility as a result of complete-range-of-motion weight 

training. Improvements in hip and knee flexibility on the order of 

40% or better are commonly experienced. T h i s is because proper 

form requires complete range of motion of the involved joints and, 

if proper position is maintained, the weight puts t i c body into a 

properly stretched position at the bottom of each rep, exposing the 

antagonists to a stretch st imulus each time the load is moved. T h i s 

obviously requires good form, and good coaching. Properly done, 

each weighted rep provides a better stretch than an unweighted 

traditional stretch, because the complete range of motion is easier 

to reach with the help of the weight. M o r e importantly, and most 

especially for the hamstrings, the postural position of the back—the 

very critical lumbar extension that must be maintained to fully 

stretch the hamstrings—is best accomplished with a loaded spine, 

since the load gives the spinal erectors some resistance to contract 

against for efficient curvature. It is common to see athletes attempt 

to stretch the hamstring with a rounded lower back; this cannot 

le done effectively. 

If traditional stretching exercises are desired, they should be 

done at the end of the workout, when the muscles are warm and 

the stretch will not interfere with performance. There are several 

methods of stretching currently practiced, but the only type of 

stretching really needed, beyond the active flexibility work inherent 

in fu l l -ROM weightlifting, is static stretching. Move the joints 

into a position of mild discomfort and hold the position for 30 

seconds. Repeat 2-3 times for maximum benefit. Problem areas 

should be stretched after every workout. 

But a more critical question might be: bow flexible does an 

athlete need to be? If full range of motion in all the positions 

encountered during training and performance can be properly 

expressed under load and during skill execution, the athlete is 

sufficiently flexible. Training through a full range of motion and 

the correct practice of sport skills will maintain flexibility, just as 

they have established it to begin with. 
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"Never attempt to teach a pig to sing; 

it wastes your time and annoys the pig." 

—Robert A. Heinlein 
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6 - The Novice _____ 
Everything works. 
Some things just work better than others. 

Programming for the novice is the most important task 

a coach will encounter. Done correctly, it sets the stage for a 

lifetime of proper training habits, and long-term progress. 

Insufficient attention to detail, and to the trainee's response to 

training, during this phase can cost valuable progress that may 

not be recoverable later. 

In one very important respect training novices is easy: 

virtually anything that makes a novice work harder than bed 

rest will produce positive results. As a result, many people have 

an erroneous impression of the quality of their training system. 

Single sets, multiple sets, high volume, high intensity, super 

slow, supersets, giant sets, gnarlmonster sets—quite literally 

anything resembling a training program will produce better 

results than no program at all in novice trainees. This simple 

fact has sparked frenzied debate among professional strength 

and conditioning personnel. Apparently many top academics 

and practitioners believe either that there is only one right way 

to train or that all training programs yield the same results. 

Most research into weight training has been done on the 
untrained populations commonly found in college weight 
training courses—unfit young adults eager to earn bonus points 
by participating in a study. Unfit and inexperienced 
populations are by definition far removed from their genetic 
potential for performance in strength and power sports. Older 
adults, middle-aged women, large populations of nurses, active 
30-year-old walkers, and any other relatively sedentary 
population untrained with weights—the groups most 
commonly studied—will be quite distant from their genetic 
performance potential. The subjects used in these experiments, 
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and all novice trainees for that matter, will exhibit large 
increases in fitness and performance following a short series of 
exposures to weight training, regardless of the nature of that 
exposure. The literature provides many, many examples of 
statistically significant increases in fitness within a very few 
weeks using virtually any training program. Revisit figure 1-3 
(or 6-1 later in this chapter) and look at the steep slope of 
performance improvement for the novice trainee. It is quite 
easy to produce fitness gains in any beginner. 

These studies may have valid import for the populations 

studied, depending upon the training acumen of those designing 

the study protocol. Often, though, even this is not the case, 

since researchers inexperienced in the weight room sometimes 

design studies with useless, unrealistic, impractical methods. 

But this is not really the problem. Frequently, the data acquired 

from these essentially novice populations has been generalized 

as valid for all training populations, from novice to Olympian, 

from healthy to diseased, young to old. It would be a gross 

understatement to characterize this as merely inappropriate. 

The results of a study done on a specific population—one with 

specific characteristics that make it very different from other specific 

populations—apply only to that specific population. These results 

cannot be applied to other populations, because their differing 

characteristics will change the results. 

The very essence of training is the correct application of 

the stress/adaptation cycle, and the outcome of this cycle is 

extremely dependent on the physiological characteristics of the 

individual to whom it is applied. As the characteristics of the 

individual change, so must the stress, if the adaptation is to 

continue. Novices eventually become "trained" and move to 

the intermediate, advanced, and possibly elite stages. Diseased 

populations respond differently depending on their pathologies. 

The elderly adapt to stress less efficiently; children and 

adolescents adapt more efficiently, but only to certain stresses; 
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males respond differently than females; motivated athletes 

progress faster than casual trainees. Specific training 

organizations are necessary for each stage of life and of fitness, 

and the blanket application of one program across populations 

is absurd. 

Yet we claim above that all novices respond to any 

stress by adapting—an apparent contradiction. The point is that 

in an unadapted trainee, any stress serves to cause an 

adaptation, but as the trainee becomes more adapted to stress 

and more closely approaches the limits of genetic potential, the 

stress must become more and more specific to that individual 

trainee in order that adaptation can continue to progress. 

The Basics of Novice Programming 

The result of the universal "novice response" is that 

there are nearly as many "effective" training programs for 

beginners as there are coaches. They all produce results because 

the beginner adapts to an increased training load quickly, in as 

little as 24 to 72 hours (fig. 6-2). This means that as long as the 

novice training program provides overload at some point, 

performance improvement will be the result. 

This actually means that any programming model fits 

within the context of Selye's General Adaptation Syndrome 

theory when applied to novices. Any stress causes an 

adaptation, because so little adaptation has already taken place. 

So what's the fuss? If everyone is right, can't we all just 
train? Actually, everyone is right, but some are much more 
right than others. And some are only right accidentally. Being 
"more right" means basing the training program on the optimal 
recovery rate of the athlete being trained. To be most effective 
at improving fitness for novices, a program must progressively 
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Figure 6-1. The generalized relationship between performance 

improvement and training complexity relative to time. 
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Figure 6- 2. The two-factor model of the h u m a n responses and adaptations 

to a single bout of training. Dur ing and immediately after training, there is a 

suppression of comprehensive recovery process (Selye's stage 1). Shortly 

after training ceases there is a general increase in recovery (Selye's stage 2). 

An important observation here is that during the period when fatigue has 

increased as a result of training, it exerts a negative effect on performance. 

increase training load as rapidly as tolerable so that meaningful 

results happen in a useful timeframe. 
Most people arrive at this conclusion intuitively. In 

gyms all over the world, inexperienced people training by 
themselves know they can successfully add weight to the 
exercises they did last time, and most will do so unless told they 
can't by someone who is supposed to know more than they do. 
Most individuals enjoy testing themselves with heavier loads or 
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more reps. They derive a sense of pleasure and accomplishment 
from the improvement, and become frustrated with exercise 
only when improvement stops. Simple progression is 
everyone's friend. It works well. It's how weak people can get 
very strong very fast. Up to a point. The keys to maximum 
efficiency in using simple progression are selecting the correct 
amount to increase the load each time and timing the load 
increases to coincide with recovery from the previous training 
session. This is where the role of a coach can become 
important: applying the discipline of a program to an eager 
trainee who might otherwise not exercise discipline or the 
judgment that comes from experience. 

As illustrated in figure 6-2, the best time to train again 

after the first session would be somewhere between 48 and 72 

hours later: train Monday, rest Tuesday, train again at the 

same time on Wednesday or Thursday. The goal is to push 

toward adaptation as quickly as possible. In a rank novice, a 48-

to 72-hour recovery would be expected, meaning that 2 to 3 

workouts per week will generate excellent results (fig. 6-3). As 

fitness increases, so does the ability to recover. Therefore, the 

time it takes to recover will decrease, and the number of 

workouts per week will gradually need to increase as the novice 

approaches the intermediate stage of training. 

All successful, productive training relies on the body's 

innate ability to adapt to stress. Novice training may very well 

be the athlete's first exposure to truly hard work done in a 

planned, logical, progressive manner. This regimented approach 

to work is not necessarily fun, but the results it produces are 

something that motivated people find rewarding and 

encouraging. The desire to test one's limits is harnessed for the 

first time in a program of this type, where hard work is done in 

a logical manner to produce a predictable, directable outcome. 

Athletes' responses to this phase of training—in several 
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Figure 6-3. A week of simple progression training according to an 
integrated Selye/two-factor model would look like this. 

different ways—determine their ability to move to the next 

Novice trainees have little or no weight training 
experience. Having been a member of a health spa, using the 
machines at the Y, or curling with the plastic-coated plates in 
the garage doesn't count. Novices lack the motor skills to 
perform the basic barbell exercises that form the core of the 
program, and they must learn proper and safe exercise 
execution. The novice is also unexposed to systemic exercise 
stress, and the ability to respond to the demands of exercises 
that cause whole-body adaptation have to be developed. Since 
the trainee is both inefficient and unadapted, only a few basic 
exercises should be used, and they should be repeated 
frequently to establish the basic motor pathways and basic 
strength. The squat, deadlift, bench press, and press should be 
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learned first, with the power clean or clean and the power 
snatch introduced as skill and ability permit. These core 
strength and power exercises develop the foundation of 
strength, flexibility, and motor control that will allow for later 
inclusions of more technically demanding exercises, because 
they utilize all the muscles in the same coordinated fashion that 
more advanced exercises do. 

It may be tempting for individuals who are very fit from 

other activities to assume that this fitness translates to the 

barbell exercises. Even fit individuals who have not trained 

with weights before are novices and should program 

accordingly. Progress through the novice stage may occur very 

rapidly; this is fine, since maximal progress will still be made 

and training time will be well utilized. But if the trainee is 

placed immediately into an intermediate program, the rapid 

initial improvement of the novice will n o t occur, since the 

weekly rate of workload increase is slower for the intermediate 

than the every-workout increase for the novice. The fit trainee 

can tolerate incremental increases in loading every 24 to 72 

hours just like a deconditioned person, and rapid initial 

progress is the objective of an efficient program. 

There are two important differences for the very fit 

novice: first, a very fit trainee might be able to make bigger 

incremental increases through the novice phase than a poorly 

conditioned person. Second, and as a result, the period of time 

before intermediate-type training programs will probably be 

shorter, since the initial progress has occurred more quickly. 

This is because a very fit person, although unadapted to barbell 

training, is closer to his genetic potential than a completely 

unconditioned person and thus has less far to go. 
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Basic program variables 

The first goal for the novice should be the development 

of basic usable whole-body strength. At this stage in a trainee's 

development, even short-term goals unrelated to getting 

stronger are irrelevant. Sports performance, general fitness, and 

improved appearance all depend, first, on the acquisition of 

basic strength. It is the foundation for all other physical 

improvement, and it must be the trainee's first concern. 

Exercises. The core of the program comprises just a few "big" 

exercises to develop the novice trainee's strength base: the 

squat, the press, the bench press, and the deadlift. After a few 

weeks of successful training—or sooner, depending on the 

aptitude of the athlete—the power clean can be added to the 

program. Power cleans are considered a core exercise for most 

sports, but they not are included in a beginner's program until 

the basic strength and motor skills have developed enough that 

they can be done with reasonable form. The four basic exercises 

have been used for many decades by strong men and women to 

improve basic strength, and no substitute exists for them. 

Together they form a complete package of loaded movements 

that stress the whole body in exactly the patterns that get used 

in sports and in life. It is critical to a program's success that 

everyone involved learn to perform and coach these exercises 

correctly. 

Once the basic exercises have been mastered, accessory 
exercises can be added into training. The most valuable 
assistance movements are those that improve any weaknesses in 
the basic exercises or otherwise benefit their performance. To 
the extent possible, they should also be multi-joint, since more 
muscles involved in an exercise make it both more functional 
and a better use of training time. 
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Real i ty Check 
A coach who is responsible for a large number of 

beginning trainees at one time, such as a PE teacher or a 

public school sports coach, should consider using only the four 

basic exercises. T h e power clean does not lend itself well to 

some programs due to the l imitat ions imposed by time, 

experience, and equipment. 

T h e technical demands of the power clean are such 

that m a n y trainees will require individual attention from a 

coach experienced in solving the problems encountered in 

Olympic weightlifting-derived exercises. Somet imes neither 

the t ime nor the expertise is avai lable for this. C l e a n s and 

snatches are best coached by people who have been trained to 

do so by competent coaches. C o m p l e x multi-joint movements 

have lots of potential for error, and they are harder to get 

right than slower lifts because the errors happen faster and are 

thus harder to observe. C o a c h e s who lack the experience to 

work with athletes on the clean and snatch better serve their 

charges by not teaching things wrong. C l e a n s a lso tear up the 

floor in the absence of bumper dates , since heavy cleans will 

get dropped. T h i s is unavoidable , a n d if the equipment is not 

available, power cleans wil l be a costly exercise to perform. 

F o r these reasons, i t might be prudent to leave power 

cleans out of the p r o g r a m a n d concentrate on the correct 

execution of the four bas ic s trength exercises. U s i n g them will 

accomplish several impor tant things: 

• They develop an excellent strength foundation. 

• T h e elimination of the power clean expedites the teaching 
process. 

• Training will be more inclusive, since differences in existing 
motor skills will not be as significant a factor in learning 
the slow lifts. 

• T ime can be managed more effectively. 

• Health-related fitness can still be significantly improved. 
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Back extensions and their derivatives reverse "hyperextensions" 

(to use the older name for the exercise) and glute-ham raises are 

very useful for adding extra work on the spinal erectors and hip 

extensors, as is the Romanian deadlift, a special version of the 

stiff-legged deadlift that starts at the hang rather than at the 

floor. The classic barbell row is a good builder of back strength 

when done properly, starting each rep off the floor like a 

deadlift. Chin-ups (with hands supine) and pull-ups (prone 

hands) are the staple upper-body assistance movements, since 

they work the entire arm and the upper back muscles in a way 

that closely duplicates the pulling and grasping functions of the 

arms and hands in sports and work. Chin-ups also build a nice-

looking set of arms, since biceps get used more in this version 

of the movement, thus satisfying the normal male concerns 

about arm appearance while at the same time being a more 

useful exercise than curls. Arms should probably be included 

in the program - a certain amount of "beach work" will get 

sneaked in anyway, and lots of chins do the job better than any 

other exercise. 

Focused abdominal exercises may be the most 

important assistance movements to include. The lower back is 

supported from the anterior by the abs, and ab work, done 

correctly, protects and assists lumbar stability. "Done 

correctly" means that the abs are strength-trained, as opposed 

to endurance-trained with high reps and low resistance. 

Weighted sit-ups, or some version of them, and exercises that 

isometrically load the abdominals in a fashion similar to their 

normal postural-support function, are preferred over exercises 

that do not adequately stress the muscles in a way that actually 

applies to their role as spinal supporters. 

Reps and Sets. Figure 4-4 illustrates the continuum of 
physiological responses to varying repetition and intensity 
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schemes. Absolute strength is gained by using very low reps (1 
to 3) per set, mass is increased with higher reps (10 to 12), and 
local muscular and systemic endurance is developed with even 
higher reps (20+) . For the novice, a repetition scheme that is 
right in the anaerobic middle works best: sets of 5 reps. Fives 
are close enough to the strength end of the continuum to 
provide tremendous increases in strength, the primary goal of 
the novice. Fives are also enough reps to develop a tolerance for 
elevated work levels, and provide for a good amount of 
hypertrophy so that muscular weight gain occurs too. This mix 
of adaptations provides a very good fitness base that allows for 
progress. Fives seem to be close to optimal for the novice; they 
effectively stimulate strength gains and other forms of progress 
without producing sufficient muscular or neuromuscular 
exhaustion to cause technique deterioration at the end of the 

set. 
Some assistance exercises, when finally integrated into 

the program, will be done with higher reps. Chin-ups and pull-

ups, for instance, might be done with up to 15 reps before 

weight is added. They function as an arm and upper back 

exercise, and are useful for satisfying the desires of most 

trainees to positively affect the appearance of their physiques in 

a rapid fashion. They are also a very good basic strength 

indicator; a trainee who cannot do many chins needs to work 

on them, since chinning strength is closely related to pressing 

strength. 

The number of sets to be done varies with the athlete's 

circumstances: first workout ever, or second month of training; 

sore from the previous workout , or fresh as a garden tomato; 

perfect form, or in need of technical practice to hone a skill. It 

also varies with the exercise being done: core lift or assistance 

exercise; presses, which do not tap in too deeply; or heavy 

deadlifts, which are hard enough at 5RM that one set is plenty 

for most people. These decisions must be made on an 
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individual basis each time, but it is possible to establish some 

general guidelines. As a rule, work sets for squats, bench 

presses, and presses should be three sets across (three sets at the 

same weight) for novices, but as much as five sets across or as 

little as one work set might be appropriate, depending again on 

the circumstances. 

The number of sets per exercise is the sum of the warm-

ups and the work sets. Warm-up sets are done as necessary, 

more if the trainee is sore or inflexible, fewer if he is already 

warm from previous exercises. Work sets add to the total 

number, which might be as high as ten sets if extensive warm-

up sets and three work sets across are done. 

As mentioned in chapter 5, sets across have several 

advantages. They allow sufficient tonnage to be accumulated to 

produce the necessary adaptive stress, more than is possible 

with only one work set. But they also allow a coach to observe 

enough reps to analyze any form problems a trainee might be 

having. Gross technique problems can be seen immediately by 

anyone familiar with the movement; less pronounced or 

intermittent form problems need more reps for diagnosis. Sets 

across provide that opportunity. 

Scheduling. For a novice trainee, the adaptation to a new 

training load occurs within 24 to 72 hours. Three days per 

week yields a training session every 48 hours with one 72 hour 

interval at the end of the week (a longer break following what 

might be a harder workout). Three days per week fits well into 

most people's work schedule, an important factor for most 

novices just getting started, trying to integrate a training 

schedule into their lifestyle. 
Monday, Wednesday, and Friday are the most obvious 

training days for most people on a three day-per-week program, 
In fact, Monday and Wednesday are the busiest days in all gyms 
everywhere, Monday being referred to as Guilty Conscience 
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Day since so many people show up on Monday to apologize to 
themselves for Friday's missed workout. Depending on the 
facility, this might be an excellent reason to use a 
Tuesday/Thursday/Saturday schedule, or a Sunday/ 

Tuesday/Thursday one. 
Based on individual scheduling flexibility, recovery 

ability, and personal preference, a trainee might decide to use 

an every-other-day schedule, where each week is different but 

each break between workouts is the same 48 hours. This 

schedule does not allow for a longer break between two harder 

workouts, and works best if two different daily workouts are 

being alternated, an option we will explore later. 

Workloads. Any novice learning a new exercise, regardless of 

training history, apparent fitness level, aptitude shown on 

previous exercises, or protestations to the contrary, should 

begin with an empty bar. And that empty bar may need to be a 

lighter one than the standard 20-kg/45-lb type, depending on 

the trainee. For the novice, the law is: learn first, and then load. 

There will plenty of time to put weight on the bar later; the 

first task is to learn the movement pattern without having to 

worry about how heavy it is. Heavy always competes with 

correct, and at this point correct is much more important. The 

vast majority of the time, a trainee will learn the movement 

well enough that the load can be increased during the first 

workout, but it is important that a good command of the 

movement pattern be established before any plates are added to 

the bar. This process may take three sets, or it may take three 

workouts, depending on both coach and trainee. Do not rush 

this process. This is not the place for impatience. If the first 

workout for a 150-pound trainee progresses through the empty 

bar for three sets of five, then 75 x 5, 95 x 5, and 115 x 5, and 

then ends with 135 x 5 x 3 sets, all with good form, the bar 
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speed on the work sets slowing down just a little, it is a very 

good first day. 
This is enough work to disrupt homeostasis and bring 

about Selye's stage-1 response. The trainee has done more work 

than he is accustomed to already, and adding more weight is 

pointless on the first day of training. If the trainee has worked 

through the entire range of motion of an unfamiliar exercise, he 

will experience some muscle soreness. The goal for the first 

workout should be a little soreness, but not so much that daily 

tasks are markedly impaired. It accomplishes absolutely 

nothing for a novice trainee to wake up the day after the first 

workout with crippling soreness, and many, many people are 

discouraged to the point of quitting when faced with what they 

think will be a second workout with that result. An exercise 

professional will never let this happen intentionally, although it 

is sometimes unavoidable. 

After the first workout has established the trainee's 

strength level, subsequent workouts should progressively 

increase the work-set weights of all the exercises. This should 

occur at every workout . Weight is the only variable in the 

progression that is adjusted up. The number of reps is fixed by 

the metabolic effects that the training program is designed to 

improve, as discussed above, and in the context of five reps, rest 

cannot be decreased without compromising the ability to do all 

the reps. The increments by which the weight that the work 

sets increase is determined by both the exercise and the ability 

of the trainee. 

As a general rule, the smaller the number of muscles the 
exercise involves, the longer it will take for the trainee to get 
stronger at it. Exercises that use large numbers of large muscles, 
such as deadlifts and squats, get strong much faster than upper 
body exercises like the bench press. Exercises such as the press, 
clean, and snatch, which use a lot of muscles but are limited by 
the contribution made by smaller muscles or technical 
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proficiency, get strong more slowly as well. Chins and 

assistance exercises that involve only one joint get stronger very 

slowly, and progress on them is expected only on a monthly 

basis. 

People of different sexes, sizes, ages, levels of experience 

and athletic ability, and levels of motivation make progress at 

different rates. As Selye's theory predicts, those populations 

most capable of adapting to external stress will make the fastest 

progress. People whose hormonal , dietary, rest, and 

motivational circumstances are optimal for recovery from 

physical loads—well-fed young men on sports teams, for 

example—will make more rapid gains than any other 

population when subjected to intense training. All other groups 

will progress more slowly, and will attain commensurately 

lower levels of absolute performance, although their relative 

performances may certainly be comparable. 

So, for young males w h o weigh between 150 and 200 

pounds, deadlifts can likely move up 15 to 20 pounds per 

workout , and squats 10 to 15 pounds, wi th continued steady 

progress for three to four weeks before slowing down to half 

that rate. Bench presses, presses, and cleans can move up 5 to 10 

pounds per workout , wi th progress on these exercises slowing 

down to 2.5 to 5 pounds per w o r k o u t after only t w o to three 

weeks. Young women tend to progress on the squat and the 

deadlift at about the same rate as young men, adjusted for 

bodyweight, but more slowly on the press, bench press, clean, 

snatch, and assistance exercises. Progress can be made for quite 

some time, and specific strategies to maximize it and delay the 

onset of a training plateau should be employed as progress 

starts to slow. These methods are discussed below. 

Linear progress, for as long as it is possible, is the most 

efficient way to utilize a novice's training time, since every 

workout yields a strength improvement. This is true even if the 

increases are very small; two pounds per week on the press still 
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The Starting Strength Model 

As outlined in Starting Strength a novice starts with three 

or four basic whole body exercises and after warm-up does three 

work sets at a weight that is based on the performance during the 

previous workout . When the prescribed sets and reps are 

completed at the assigned weight, the load is increased for the 

next workout. This is very simple, and it works for quite a 

while for most beginners. It would be unusual for someone to 

fail to add quite a bit of muscle and strength before any changes 

to the workout are needed at all. 

A good example of this type of program might be the 

following: 

The squat, bench press, and press are done for 3 sets of 5; note 
that the bench press and the press alternate. The deadlift is 
done for 1 set of 5 reps due to its harder nature at heavy 
weights, and unweighted chin-ups or pull-ups are done to 
failure for 3 sets unless the trainee can complete more than 15 
reps per set (unlikely for a rank novice), in which case weight is 
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up to 104 pounds per year, pretty good progress if you can 

make it. As progress begins to slow—i.e., as work sets become 

harder to do and to complete—or as reps begin to get missed, 

smaller incremental increases should be used. Smaller jumps 

will allow for more linear progression, so that more progress is 

accumulated before a radical change in programming is 

necessary. 

Monday 
Squat 

Wednesday 
Squat 

Friday 
Squat 

Bench press/press 

Chin-ups 

Press/bench press 

Deadlift 

Bench press/press 

Pull-ups 
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added. Chin-ups use a supine grip (and thus more bicep), while 
pull-ups use a prone grip. If the athlete can maintain his 
chin/pull-up numbers as his bodyweight increases, he is 

actually getting stronger. 
This is a reasonable exercise selection for a novice, and a 

reasonable weekly plan. An alternative would be to simply 

have two workouts that alternate, workout A and workout B. 

Workout A would correspond to the Monday workout in the 

preceding example, and workout B would correspond to the 

Wednesday workout. The workouts would rotate, so that one 

week A-B-A is done, and the next week B-A-B. There is no 

other plan superior to this 3 day-a-week schedule for the 

novice. 

Back-off periods. Inevitably, progress will stall. There are two 

basic scenarios, one in which the trainee does everything right 

but still fails to stimulate further progress and another in which 

progress stalls or regresses because of greed for quick progress 

or because of a lifestyle factor hat affects recovery. In either 

case, something must be done to salvage the novice's ability to 

use simple linear progression and milk all possible progress 

from the first level of training advancement. 

The first scenario assumes proper application of all the 

progression principles, adequate attention to recovery, sleep, 

and nutrition, and proper technique on all the exercises. This 

may be a bit of a stretch, since few novice trainees execute all 

parts of the plan without flaw. But for purposes of illustration, 

we'll make the stretch, and we'll use the bench press as an 

example. 

If the trainee correctly follows the simple progression 
program, does not get greedy, and eats and rests correctly, then 
he will be able to add weight to the bar at every workout for 
quite some time. He might start by adding weight in 5-pound 
increments at each bench press workout and progress to 1- to 3-
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pound increases at each workout. At some point, adding weight 

will cause missed reps in one workout, followed by success at 

that weight in the following workout . Finally, he will begin to 

miss the last reps in the work sets for two to three workouts in 

a row. 

Quite a few things could be changed about the workout, 

but the correct approach will accomplish two things. First it 

will offer the highest probability of restoring linear progress as 

quickly as possible and, second, it will keep the trainee as close 

as possible to his most recent 5 R M . The trainee needs a change 

but will do best with a change that disrupts the essence of the 

program as little as possible. A slight back-off in training 

weight with the immediate resumption of slow and steady 

progress identical to what has taken place in previous months is 

appropriate. 

Any time a trainee working very hard is allowed a bit of 

extra rest and recuperation, performance will increase. This is 

evidence not of a dramatic unexpected increase in overall 

physical ability, but of the increased ability to display it on a 

given day. It's not that he's actually stronger; he's just not 

tired. "Peaking" for a contest or testing procedure works the 

same way: no dramatic increase in strength occurs at a peak, 

just the ability to demonstrate the strength that is actually 

present as a cumulative effect of the training program. And, in 

this case, this is exactly what is necessary. A trainee at this stage 

is not terribly "stuck" and will not take much unsticking to get 

back on the road to progress. A little extra rest will always 

allow a small increase in the weights that can be handled 

afterward, and the accumulation of strength through 

progressive loading can resume from there. 
For example, say work set weights for the bench press 

have been 165 x 5 x 3 on Monday, 167 x 5 x 3 on Friday, 170 
x 5 x 3 on Monday, 172 x 4, 172 x 4, 172 x 3 on Friday, and 
then the same for the next two bench workouts. The following 
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Monday , the same w o r k o u t w o u l d be followed, w i th an 

approximate 10% reduct ion in t ra ining load, and then a return 

to incremental increases f rom there . So the w o r k sets wou ld be 

155 x 5 x 3, 160 x 5 x 3 the next bench press day, 165 the 

Real i ty Check 
Smal l plates are necessary for smal l jumps , and small 

jumps are necessary for progress. An understanding of this 

very practical mat ter is fundamental to continued improved 

performance under the bar . 

As training progresses, the abi l i ty to adapt to the 

stress of training slows, as discussed at length previously. 

W h a t were once easy 10-pound j u m p s for sets of 5 reps become 

difficult 5-pound j u m p s for 5 reps. W i t h s t a n d a r d 2½-pound 

(or 1.25-kg) plates, sets of four is the inevitable result. T h e 

object is to use sets of five, for the metabol ic effects produced 

by five reps, and training is designed around a certain number 

of reps for this specific reason. So it is necessary to be able to 

m a k e incremental increases while holding the reps constant, 

and this requires that the increments be smal l enough that an 

adaptat ion can occur dur ing the t ime al lotted. A trainee who 

has correctly followed the p r o g r a m will eventually not be able 

to adapt to 5-pound j u m p s between workouts . 

B u t that trainee can get s trong 1 pound at a t ime, or 

1.5 pounds or 2 pounds at a t ime, depending on the exercise. 

Certa inly for smal l muscle-group exercises like the press, 

bench press, and even chins, smal l j u m p s are the only way 

progress will accumulate smoothly. A n d if a 2-pound jump is 

loaded, it will have to be loaded with 1-pound plates. 

Several companies m a k e smal l plates, in both pounds 

and kilos. Or they can be m a d e in the garage out of 2-inch 

washers glued, taped, or welded together in varying 
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next day, and 170 the next. These will be perceived as light 
weights even to a tired trainee, and the temptation to do extra 
sets must be resisted if the unloading is to do its job. It will take 
about two weeks to get back to the previous level of 
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increments. Or 2½-pouncl plates can be shaved down at a 

machine shop. In pounds, the range should be ½, 1, and 1½; in 

kilos, .25, .5, and .75. 

It is also important to unders tand how the smal l plates 

relate to the rest of the equipment. S t a n d a r d "Olympic" 

barbell plates are cast ings , a n d cast ings are inherently 

inaccurate. Even good-quali ty ca l ibrated plates, which are 

milled to tolerance, are not dead-on. W h e n loading a bar , 

which will itself have a smal l error, wi th several plates, all of 

which have a smal l error, it is likely that the face value loaded 

weight is not actual ly w h a t is on the bar . 

T h i s is not important for warm-ups , or for back-off 

sets, or for anything else dur ing the workout that does not 

represent a measured incremental increase over the previous 

workout. But when the load on the b a r is supposed to be 173.5 

lbs., and it actual ly weighs 175.5 due to plate error, the target 

has been missed. It m a y not be possible, or even necessary, to 

have dead-on plates; it is possible to have the s a m e big plates 

on the bar as last t ime, so that the increase m a d e with the 

small plates is exactly what it is supposed to be. T h a t is the 

concern anyway—that the amount lifted today be exactly a 

specific amount more than last t ime, if training is done in a 

commercial gym or school weight room, number or m a r k the 

bar and a set of plates so that they can be identified for use at 

every workout, and buy and bring with you your own small 

plates. T h i s way, the amount of the increase can be exactly 

what it needs to be, the increase will be exact every time, and 

progress can be better ensured. 
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performance, the precise number of workouts depending on 
the weight being used and the jumps in weight between 
workouts. At this point the weight that was missed, 172, 
should be used at the next workout. The following workouts 
with 175, 177, and on up, can be done, just as if the little 
"detour" never happened. The extra rest and recovery—the 
small "peaking" effect from the temporary reduction in training 
load—should allow success with a weight slightly above that 
which the trainee was successful with previously, and the act of 
lifting this heavier weight should spur further progress for 

several more workouts. 
The second scenario is different. Here, the trainee has 

actually regressed slightly, or possibly more than slightly. The 

build-up of fatigue is more pronounced, and the back-off should 

therefore be more drastic. The first example had the trainee 

dropping his bench press poundage back from 172 to 155. 

Assume that the second trainee is also stuck at 172, except that 

instead of getting 4 reps for 2 to 3 workouts in a row, the last 

workout with 172 netted only 1 or 2 successful reps. In this 

circumstance there is really no point in just backing off 10%, 

because that would still be somewhat difficult and it would not 

allow sufficient rest and recovery. The first back-off workout 

should be very light and easy, and lower in volume than a 

normal workout. For example, 3 work sets of 5 reps should be 

reduced to only one set. Another approach might be to warm 

up normally, using standard incremental sets up to the last 

warm-up, and then stop, doing no work sets at all and letting 

the warm-up sets serve to maintain motor pathways. 

The second and third workouts will depend on how 

much work was being done when progress stalled. If 3 to 5 

work sets were being done, then the second workout would 

warm up to 10% below the point where progress stalled, and 

then do that weight for one set. This prevents detraining but 

still allows some rest. The content of the third workout will 
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depend on how the trainee feels. The warm-up and first work 

set should be the same as the second workout, but a decision 

should be made after the first work set. If the weight feels light, 

as such a weight should, and the trainee feels good, then three 

sets across should be done there. If the weight feels heavy or the 

trainee still feels tired, then the workout should again stop after 

one work set and be tried again the next time. When possible, 

usually within two short workouts, training can proceed with 

three normal work sets being done 10% lighter than the 

previous PR, and progressing right back to and through the 

previous records. 

One aspect of back-off workouts is that, to the extent 

possible, intensity should not drop more than 10% below PR 

for more than one workout . This is an important concept to 

follow if the back-off period is to be kept short and new 

personal records are to be set without much time elapsing. 

Again, the key feature of novice training is linear progress—the 

ability to steadily increase the weight on the bar at each 

workout—and every effort should be made to keep this from 

stopping. 

The reason intensity is kept relatively high while the 
volume of training is dropped is to maintain neuromuscular 
efficiency, the ability of the neural system to fire the motor 
units in a way that allows all the muscles to work together to 
efficiently display strength in a movement pattern. Basic muscle 
strength is relatively constant (fig. 8-4) even with reduced 
training. Neuromuscular efficiency, however, is much more 
influenced by short-term changes in training. This is why we 
keep intensity relatively high and cut volume drastically: high 
intensity develops and maintains neuromuscular efficiency, 
while high volume with low intensity does not. Keeping the 
weight within 10% of PR while drastically dropping volume 
maintains a high state of neuromuscular readiness, while at the 
same time allowing for some additional recovery. It allows the 
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trainee to resume personal record performance after the back­

off period. 

This back-off method is an important tool that will be 

used throughout the trainee's career, from novice through 

advanced. For each different rep and set scheme and level of 

fatigue there is a different "ideal" way to do it. But the basic 

concept is simple: rest, but don't detrain. The more fatigued the 

trainee, the more his performance has dropped, the longer the 

progress lasted before reaching a sticking point, the more gains 

that were made, and the longer the training history, then the 

longer the back-off period will have to be. A novice who has 

trained three months and then simply stalled in his progress 

and not regressed will need only a short back-off period and a 

moderate reduction in load. An advanced athlete who has 

trained three years and has hit a serious wall at the end of a 

very hard training cycle and regressed quite a bit due to fatigue 

over his last 2 to 3 workouts will need a much longer back-off 

period and much lighter workouts to begin it. 

Once a back-off period las become necessary, other 

changes can be made in the program that are appropriate for 

the more advanced novice. The squat can go from three days 

per week to two, with the introduction of front squats into the 

program. They are used with lighter weight, and although they 

are not easier at max effort, they will provide a break in the 

intensity due to the unloading, prolonging linear increases in 

the back squat. This is also a good time to introduce cleans into 

the pulling program. The program will now look like this: 

Day 1 Day 2 Day 3 

Week 1 

Squat 

Bench press 

Chin-ups 

Front squat 

Press 

Deadlift 

Squat 

Bench press 

Pull-ups 
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Deadlifts are still done for one set of five, although more 

sets could be added due to their reduced frequency in the 

program. Deadlifts are very easy to overuse; they are important 

for basic strength, but too many sets make recovery difficult 

because of the weights that can be used and the amount of 

stress they can produce cumulatively. Power cleans are now 

alternated weekly with the deadlift, although they can be 

conservatively practiced after the deadlift on off weeks to 

improve technical proficiency. Chins and pull-ups should have 

improved, or at least kept pace with added bodyweight. If 

chin/pull-up reps are consistently above 10 on any of the three 

sets, they should be done every other workout with weight, 

either hung from a belt or with a dumbbell held in the feet, so 

that failure happens at 5 to 7 reps. This will increase the reps on 

the unweighted days and add more arm and shoulder strength 

which helps during presses. Any other assistance exercises 

should be done after the basic program exercises, and then for 

no more that three sets. 

A simple recycling of the training intensity will work 
once, and maybe twice. If training has been going well in the 
context of proper progressive programming and proper 
recovery, more than two training intensity back-off periods 
will not usually be productive. A need for a third usually 
indicates a need for more complex programming. If, however, 
there were problems the first and/or second time through, with 
Progress stopping suddenly because of lack of rest, improper or 
inadequate diet, or greed for unreasonable weight increases, one 
more back-off period might fix a sticking point. After the 

Week 2 

Squat 

Press 

Chin-ups 

Front squat 

Bench press 

Power clean 

Squat 

Press 

Pull-ups 
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"Loyalty to petrified opinion never broke a 

chain or freed a human soul." 

—Mark Twain 
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second back-off period, an honest evaluation of training status 

is warranted. 

This is a rough outline of the first three to nine months 

of training. Starting with three work sets, the weight increases 

steadily until progress stalls. The weight drops 10% to get 

unstuck, the exercises are changed slightly, and progress is made 

again until another plateau occurs. Finally the point is reached 

where the amount of work needed to disrupt homeostasis 

exceeds that which the trainee can recover from between 

workouts, and more elaborate programming is needed. At this 

level of training advancement the key is the workout-to-

workout increases that have been made during these first 

months. Rapid progress has been made that otherwise would 

not have been. The trainee is now in a position much further 

along than would have been possible had simple linear 

progression not been used. 

At some point, usually between the third and ninth 

month of training, the standard variations on linear progression 

will have been exhausted, and training will need to be 

organized into weekly periods, instead of the workout-to-

workout periods that characterize the novice phase. At this 

point, the trainee can be considered an intermediate. 



7 - The Intermediate 
Cycling Workloads: Weekly Periodization. 

After several months of steady simple-progression 

training, with no layoffs and uninterrupted steady progress, all 

trainees will get stuck. This is a normal, inevitable result of 

progress having advanced the trainee incrementally closer to 

the limits of genetic potential. At this point both strength and 

muscular bodyweight have improved quite a bit. So has the 

ability to recover quickly from heavy training, but this is offset 

by the fact that increased strength levels allow heavier and 

therefore more taxing loads to be used. This more advanced 

trainee is more efficient, in both recovery and in the ability to 

tax recovery capacity. And with increased efficiency comes 

change: simply increasing the workload at each workout in a 

linear progression can no longer be relied on to spur continued 

progress. When the training overload of a single workout and 

the recovery period allowed for by the 48- to 72- hour schedule 

does not induce a performance improvement, the novice 

trainee needs a change of program . A single training stress 

constitutes an overload event for a novice, and this overload 

and the recovery between the two workouts should be enough 

to disrupt homeostasis and induce a gain in strength for the 

beginner. Once this is no longer the case, the trainee is no 

longer a novice. His program must be adjusted accordingly. 

An important characteristic of intermediate trainees is 
that they have specific training goals developed from their 
experience at the novice level. The high school kid who simply 
wanted to "learn how to lift" and get bigger and stronger for 
sports might now realize that he wants to concentrate on 
training that will increase his performance in the shot put. The 
35-year-old who started off wanting to get back in shape might 
have been bitten by the bodybuilding bug, and now wants to 
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concentrate on muscle size. Even competitive athletes who 
knew from the start that they were training for a sport—but as 
wise novices to weight training decided to begin with a general 
program—will find that this is the time to tailor their training 
to their now more-specific needs. 

Simple progression works for months when the trainee 

is new to a program of organized training. At this level, the 

amount of work that disrupts biological equilibrium and results 

in an adaptation—overload—can be applied in one workout. As 

the trainee adapts to the stresses of training, he becomes capable 

of applying enough stress in one workout that he will not be 

recovered from it before the next one. A "heavy" load for an 

athlete at this level is relatively more stressful on the body than 

a "heavy" load for a novice, and so requires a longer recovery 

period. At this point, if progress is to continue, training must 

be reorganized into periods of work that constitute a 

recoverable overload for the trainee at this level of adaptation. 

This involves training periods that include more than one 

workout—enough work to accumulate into sufficient stress to 

constitute an overload event and enough built-in recovery time 

to allow adaptation to take place. At the intermediate level of 

adaptation, training organized in periods lasting a week 

functions well for this purpose (fig. 7-1). 

There is nothing magical about one week of time. It 

might very well be that 96 hours (4 days) might suffice to allow 

enough work to accumulate and be recovered from, since the 

previous work/recovery period was 48 to 72 hours. But it is 

likely that more than 4 days will be necessary, because only one 

workout in 72 hours has probably been barely sufficient for 

some time. The trainee has not suddenly flipped a switch and 

become unable to produce an overload/recovery in 3 days, so 4 

days will probably not really solve the problem. Five days 

might, 6 days probably will, but given the fact that society is 
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organized into weekly timeframes, one week works most easily 

into most people's schedules. 

Figure 7-1. The generalized relationship between performance 

improvement and training complexity relative to time. 

1 6 7 
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trainee's need for both more work and sufficient recovery from 

that work (fig. 7-2). 

There are many ways to accomplish this and produce 

the desired variation across the week. Three methods will be 

presented later, all proven to work well for different 

applications. 

General Considerations 

Exercises. The most important consideration for 

programming at the intermediate level is the selection of 

exercises, which will be determined, in large part, by the 

trainee's choice of sport or training emphasis. If powerlifting is 

the sport of choice, training will based around the squat, bench 

press, and deadlift; if it is weightlifting, the snatch and the clean 

and jerk will form the basis of the program. Athletes training 

for heavy field events will incorporate power exercises such as 

clean and snatch variants into the basic strength program. 

Those interested primarily in hypertrophy will use more 

1 6 8 

The intermediate program must differ significantly from 

the novice program. A novice using 3 sets of 5 repetitions on 

the squat three days per week will find that those 3 sets are 

sufficient to stimulate progress, and that recovery from that 

quantity of work occurs quickly enough that each subsequent 

workout can be done with heavier weight. A novice bench 

press program might be 3 work sets of 5 reps each on Monday 

and Friday, with the press done on Wednesday. An 

intermediate lifter using 3 work sets of 5 on Monday will not 

receive sufficient stimulation to spur progress. Five sets might 

be enough, but it also presents a problem. Doing 5 work sets 

across at an intensity high enough to drive progress may exceed 

recovery when done twice per week. Some variation of the 

work must be introduced to accommodate the intermediate 
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Figure 7-2. Two-factor model of an intermediate trainee's responses and 

adaptations to a series of training stresses over a week's durat ion. While 

similar to the single-day cycle of the beginner, note that fatigue does not 

dissipate between each training session (grey bars) nor do recovery processes 

catch up until the conclusion of the week. This defines the difference 

between the beginner and the intermediate trainee. The workou t load 

presented here is a Starr-model medium-heavy-heavy-light organization that 

would repeat the following week. 

It is likely that athletes in sports that are less dependent 
on strength—the lighter field events, sprinters, basketball and 
baseball players, non-grappling martial artists, etc.—will never 
have a need to advance much beyond this initial phase of 

intermediate training. Such athletes are engaged in activities 
that are more dependent on skills acquired in the practice of 
their sport than the training for strength and power provided 

1 6 9 

isolation exercises at higher reps along with the basic strength 

based program. 
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by time spent in the weight room under the bar. One reason it 

is important to identify training goals is that the level to which 

a trainee is intentionally advanced depends on the need for such 

advancement. The degree of specialization in exercise selection 

is therefore also determined by the need for more than basic 

strength enhancement. A javelin thrower might opt for a 3-day 

program that involves squats, presses, cleans, snatches, and 

chins; any more complexity than this is unnecessary and would 

take away training time better spent on this highly practice-

dependent sport. 

Exercise selection will, to a certain extent, determine 

sets and reps. The basic strength exercises—squats, presses, 

bench presses, deadlifts—can be used at a variety of rep ranges, 

from singles to sets of twenty. This is one of the reasons they 

are so useful: they can be used throughout the repetition 

continuum to obtain the entire range of physiologic response, 

from absolute strength to power to hypertrophy to endurance. 

Less versatile are the weightlifting-derived movements, the 

snatch and the clean and jerk, and their variants the power 

snatch, the power clean, and hang snatches and cleans. These 

exercises, referred to as the "quick lifts," are seldom used at 

high reps because their technique-dependency renders them less 

valuable under conditions of high-rep fatigue. The fact that 

they cannot be done slowly is both an asset and a limitation. It 

is normal to restrict snatches and cleans to singles and doubles, 

occasionally using sets of 3 reps for cleans. 

Assistance exercises will be used by intermediate-level 

trainees. These movements are more valuable here than at any 

other period in a training career. An intermediate trainee is 

developing a feel for the direction he wants his training to take, 

and assistance exercises are a necessary part of learning the 

ropes. There are thousands to try, but only a few are valuable. 

The most useful assistance movements are functional in nature 

(they utilize normally encountered human movement 
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patterns), use multiple joints, incorporate a balance component, 
and contribute to the performance of the basic exercises. Chins 
satisfy these criteria, for example; wrist curls do not. 

Front squats—although regarded by some not as an 

assistance exercise but as another core lift—can be used by 

intermediate trainees as a squat variant. Chins and pull-ups are 

quite useful upper-body exercises that support pressing strength 

and functional arm strength for sports that involve pulling with 

the hands. Romanian Deadlifts (RDLs), a deadlift variant that 

starts at the top instead of on the floor, and barbell rows 

(pulled from the floor each rep) are good to add wherever 

possible at this stage of training. Lower-back-specific exercises 

like glute/ham raises and reverse "hyperextensions," are used 

by intermediate trainees to improve trunk stability for the basic 

movements, along with weighted sit-ups. These exercises can be 

varied along the rep continuum depending on the result 

desired, but generally they are used at higher reps than the basic 

strength movements, since the i r role is to support the function 

of the basics, not replace them. 

Sets, and Reps. The number of sets will also vary with the 

exercise. The bulk of the work should always be focused on the 

exercises that produce the majority of the disruption in 

homeostasis. This means that the core lifts will receive the 

majority of the work in terms of sets per week and time 

devoted to them, since they deliver more results for the time 

spent doing them. Cleans and snatches, being used at lower 

reps, will need more sets per week to equal the amount of 

work; to match the work from 5 sets of 5 squats with that from 

cleans, you would have to do 8 sets of 3 cleans to be nearly 

equivalent. 
Assistance exercises using higher reps per set might 

accumulate more total reps than the core lifts. If squats are 
done for 5 sets of 5 across after 3 warm-up sets of 5, and 5 sets 
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of 10 glute/ham raises are done afterward, more reps of 
glute/hams have been done than squats. But in terms of total 
volume (weight x reps) —and in terms of their contribution to 
homeostatic disruption— the squats have been worked far 

harder. 
So, within the framework of the exercises used, our 

training goals will generally determine the nature of the sets 

and reps. Strength work needs up to 5 sets of 1 to 5 reps on the 

core lifts, hypertrophy calls for 5 sets of 12 to 15 reps, and 

power work requires 5 to 10 sets of 1 to 5 reps at weights light 

enough to move fast. Cleans and snatches will be done with 5 

to 10 sets of 1 to 3 reps. Assistance exercises will be done with 

higher reps, usually 10 to 15, and fewer sets, usually 3 to 5. 

Scheduling. At the intermediate level, the weekly 

schedule conforms to the trainee's individual needs, not to the 

calendar. At the advanced level, quite often the training cycle 

will be tailored to a competitive schedule, but intermediate 

trainees are still making relatively rapid progress and they 

should be allowed to do so as long as possible with minimal 

interference from scheduling factors external to the training 

program. If a competitive calendar is superimposed on the 

training program at the intermediate level, the disruption to 

both the competitive performance and to the training schedule 

itself will be relatively minimal. High school football players 

are often in this position: they are making good progress on a 

training program despite the fact that football season is on, and 

with adequate rest and nutrition are able to do both, to the 

benefit of both. Intermediate trainees are not so far along in 

their training that an occasional game day will destroy the 

delicate balance between stress and recovery; the balance is not 

yet that delicate, as it will be at the more advanced, specialized 

levels. 

1 7 2 
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As a general rule, squats will be done every workout 

until the trainee goes to 4 days per week. Front squats can be 

used on the light day, since they will be done with lighter 

weights as their form requires. As proficiency increases, they 

can be used for medium-day loads. The pressing movements are 

alternated for shoulder balance, with presses and bench presses 

alternated every other workout (this actually results in a two-

week cycle, one week pressing twice and the next week 

benching twice). The deadlift and the clean will alternate as 

well, and as the trainee advances and the deadlift gets very 

strong, RDLs or barbell rows may be substituted for deadlifts 

every other workout to allow for more recovery if necessary. 

Assistance exercises should be used only once or twice per 

week, placed in the schedule so as to create the maximum 

benefit without interfering with the execution of the core lifts 

by causing excessive soreness or fatigue. Chins, for example, if 

done too hard the workout before a heavy bench press day, 

would be counterproductive. 

The time allotted for a training session will obviously 

vary with the number of exercises, sets, and reps. Rest time 

between sets should be adequate for recovery but not enough 

to allow "cooling off," or a decrease in preparedness for the 

next set. Too much time between sets represents wasted 

training time and, in institutional contexts, an inefficient use of 

the training facilities. Too little time between sets costs reps 

and completed work sets and defeats the purpose of training. 

Make sure that enough time is allotted that the whole workout 

can actually be done in one session. Any workout that takes 

longer than two hours probably involves too many exercises, 

too many sets, or too much talking. 

Intensity. The intensity of the work varies across the 
week (table 7-2, p. 195), and this means that for the core lifts and 
the quick lifts, the percentage of 1RM and the numbers of reps 
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must be calculated for each workout. Using the progression 
outlined in Table 7-1 (p. 194), a little math, and some experience 
and common sense, weights for the work sets of the core lifts and 
quick lifts can be assigned across the week. Light, medium, and 
heavy correspond to different percentages, depending on the 
number of reps used for the exercise, as the table shows. If 
several sets across are to be done, the weight will have to stay a 
little below the corresponding RM to allow for accumulating 
fatigue: 355 x 5 done as a 5RM would need to be reduced to 3 4 0 
or 345 x 5 for 5 sets across. 

While a measured 1RM is nice and makes workload 

calculation easy, an accurate evaluation of daily performance is 

better; this is one of the most important functions of the coach, 

and one of the best reasons to have one. Performances vary for 

many reasons, and human response is not an exact science. A 

coach with a good eye can judge a "relative maximum," the 

weight the individual trainee can lift on a given day under 

specific individual circumstances. This coach/athlete 

interaction involves a great deal of experience and feedback 

from both the coach and trainee. In that context, "heavy" could 

be defined as the point where technique begins to break down, 

or the point where the trainee says it is. "Medium" could mean 

that technique is well maintained and the trainee feels like he's 

working hard but lots of "room" is left. "Light" should always 

mean that form is perfect and several sets across at that weight 

would not amount to a significant training stress. This is 

somewhat similar to using the RPE (rating of perceived 

exertion) scale in aerobic exercise programming, but RPE 

depends entirely on the subjective judgment of the trainee, and 

this is not always useful in the weight room. It takes an 

experienced coach to be able to apply this method effectively. 

For trainees without access to high-level coaching, th 

percentage of 1RM classification will work well. 

1 7 4 
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As training progresses and strength and power are 

developed, the rate of improvement slows down. The closer the 

trainee is to his genetic potential, the slower the progress 

toward it will be. The squat may advance 5 pounds per week, 

instead of 5 pounds per workout, and the bench may only go 

up 2 pounds per week, if that much. The more an exercise 

depends on smaller muscle groups, the more slowly that 

exercise will get strong. It is prudent to keep this in mind. 

There is no point in getting frustrated when the press only 

moves up a pound. Any steady progress is good progress for 

the intermediate trainee, and this becomes more true as the 

athlete advances and progress inevitably slows. 

There will be many times over the months and years of 

using this training model that a change within the program will 

be required to continue adaptation and improvement. Many 

things can be done to accomplish these changes. Reps and sets 

can be varied as needed, and will be changed by the observant 

coach or the perceptive trainee to accommodate the needs as 

they arise. Warm-ups will vary almost daily, with soreness and 

minor injuries; more work sets should be added as they can be 

successfully handled and until the need for more sets finally 

justifies an additional training day. Exercise selection and 

frequency can be varied. As noted in Table 7-1, p. 194, workout 

frequency will change progressively, but it's also possible that 

training frequency could need to decrease temporarily as a 

result of a brush with overtraining. And the workouts 

themselves can be manipulated, with the time between sets 

tracked and controlled precisely to vary intensity. 

There is a tremendous amount of possible variation in 
training stress that can be used to drive adaptation for a long 
time. Only the creativity of the coach or trainee limits the 
possibilities, as long as the metabolic requirements of the goal 
are kept in mind and trained for. 

1 7 5 
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As training progresses in intensity and volume, the role 

of the coach changes from that of a teacher of movement 

patterns to a consultant in movement, and from that of the 

planner to the planning advisor. The maturing trainee will 

eventually have enough experience—from being coached and 

helping coach others with whom he trains—that the kind of 

coaching he needs will change. A more experienced trainee 

needs the coach's eye to check what he himself cannot see, 

since he has been taught the movement correctly and has 

months of experience doing it correctly. Technique will need 

checking, not teaching, at this point. The coach will become a 

source of advice about the application of the program instead of 

the controller of all its elements. Coaching input will become 

more subtle, and should become more precise regarding detail 

as the trainee acquires finer skill. The coach should provide 

input about exercise variation after they all the exercises have 

been taught correctly, guidance about load and intensity 

variation after it has been determined how the trainee responds 

to it, and constant, absolutely necessary reminders about 

technique on all the lifts, long after technique has been learned. 

Variation. The intermediate stage is the place where most 

athletes make their biggest training mistakes. It is very true that 

many novices start out on terrible programs, training with no 

reason or logic, or adopting programs that are designed for 

more advanced trainees which prevent them from progressing 

as quickly as they could. But the magical adaptability of the 

novice is often strong enough to overcome even the poorest of 

decisions. Beginners can seemingly make progress even under 

the worst of circumstances. But for the intermediate trainee, 

progress is harder to come by, and the body is much more 

particular about what it responds to when it comes to 

improving an already-honed performance. Many intermediate 

trainees get caught up in an endless cycle of "changing 
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routines," constant messing with the weekly schedule of 

exercises, sets, and reps. In an effort to feel that progress is 

being made, they often talk about changing even their core 

goals. How many times have people in the gym that haven't 

really progressed in years talked about how they are going to 

concentrate on "cutting" instead of "bulking"? Most often, that 

person still just wants to get bigger and stronger, but after a 

long period of no progress frustration sets in and the goal is 

changed to something perceived as more attainable. Or 

someone stuck on the bench press for months decides to just 

quit doing it and instead focus on the IsoLateral 

DynoPressmaster? People can climb onto the merry-go-

round of different exercises, different routines, and different set 

and rep systems for years with no real progress. 

The proper way to include variety in the program is to 

use it in ways that reinforce trail ing goals, so that different 

types of training during the week have a functional purpose. This 

means that the variety lies in the way the basic exercises are 

applied, and not in a bunch of new exercises. Sets of 5 on the basic 

exercises will always be useful as a part of most every program, 

and constructive variations will involve different 

interpretations of sets, reps, and movement speed. If an athlete 

is training for a sport that requires speed and power 

production, keeping the speed sets is a good idea. After the 

novice stage, some sort of training that involves moving a 

moderate weight quickly is very useful for these trainees. 

For those whose main goal is increased muscular weight 
and size, keeping a higher-volume day in most training cycles is 
necessary. For those who want increased strength, and 
especially an increase in strength-to-weight ratio, keeping the 
higher volume workouts out of most training cycles might be 
smarter, with the concentration on power training and lower-
volume, higher-intensity training. 
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A specific example might be the trainee who is mostly 
interested in gaining muscular weight. He has completed the 
novice stage, and has finished a training cycle with 5 sets of 5 
for one workout and speed sets for the other. He wants to gain 
weight, so he will keep the 5 sets of 5 portion of the workout 
and add in a higher volume workout for the second session. 
The choices might be 5 sets of 10 across, 5 sets of 12, or even 3 
to 4 sets of 15. The first set of the 5 might be a 10RM effort, 
with the last 4 sets done to failure and the rest between sets 
controlled so that full recovery does not occur. Or each set 
might be done for all 10 reps, with enough rest between to 
ensure this. Rep schemes for the volume workout could change 
for each of the next few cycles, while the 5 sets of 5 keeps pace 
with and drives improvement on the volume training days. 

Another example might be the trainee who is mostly 

interested in speed and power. As workouts are added or 

variety is introduced, singles, doubles, and triples will become 

more important. Speed sets are an invaluable component of this 

type of training, as are cleans and snatches and their derivatives. 

Experimentation in subsequent training cycles would include 

multiple sets across of heavy singles or doubles and 3 sets of 3 

across or ascending or descending in weight through the work 

sets, along with a continued emphasis on sets of 5. The focus is 

always on force production, with high volume only a 

secondary consideration. 

The problem is that most people, at various points in 
their training careers, lose sight of the basis for all productive 
training. They forget that the goal is always to produce a stress 
that induces recovery and supercompensation and that, as 
advancement continues, the increased timeframe of this 
response must be factored in. Variety for variety's sake is 
pointless. All training must be planned, and success must be 
planned for. All the variety in the world is no substitute for 
correct planning. 
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The Texas Method 

This method uses a sharp contrast in training variables 

between the beginning and end of the week. High volume at 

moderate intensity is used at the first of the week, a light 

workout is done in the middle for maintenance of motor 

pathways, and then a high intensity workout at very low 

volume ends the week. A classic example of this variation 

would be a squat program where, after the warm-ups, 

Monday's workout is 5 work sets of 5 across, Wednesday's is 

lighter—perhaps 5's at 80% of 5RM, or front squats for a 

variation in exercise technique—and Friday's is a single heavier 

set of 5. It looks like this: 

Monday 
Squat, 5 sets of 5 reps 

Wednesday 
Front squat, 3 sets of 3, 
-or-

Back squat, 2 light sets of 5 

Friday 
Back squat, one heavy set of 5 

This simple program is probably the most productive routine 
in existence for trainees at this level. It is usually the first 
program to use when simple linear programming doesn't work 
anymore. The trainee in transition from novice to intermediate 
is unable to make progress with either a workload he can 

recover from enough to do 2 to 3 times per week, or 
conversely, a workload that is stressful enough to produce the 
stress/adaptation/supercompensation cycle but that he cannot 

recover from quickly enough to do 2 to 3 times per week. In 
the Texas method, the workout at the beginning of the week is 
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Real i ty Check 
T h e coach uses the training log kept by every serious 

trainee as an important source of data for determinations 

regarding staleness, overtraining, the effectiveness of newly 

added exercises, and the overall effectiveness of the training 

program. Somet imes it may be necessary to m a k e large-scale 

changes in the program due to an unexpected lack of response, 

the inability to recover from the program because of 

individual lifestyle factors outside the trainee's control, or a 

change in the a th le tes training goals. T h e log reveals trends in 

both training and schedule compliance that have a definite 

bearing on progress. It should also include the a th le tes 

impressions of that days workout , useful cues discovered, and 

any other subjective information that might serve a purpose 

later. It might also include notes about sleep, diet, and other 

information pertinent to recovery. It is an essential tool for 

both trainee and coach, and as such is not optional. 

T h e best way to log workouts is to follow a column 

format, top to bot tom, using a smal l enough hand that the 

whole workout f i t s in one column, and that at least four or 

live workouts fit on one page. T h i s w a y it is possible to 

display up to three weeks tra in ing d a t a on two open pages, so 

that trends over t ime are visible. 

T i m means that a good qual i ty book will be needed. It 

will last a while—at least a year—and should be a good 

enough book to last that long. U s e a notebook with a decent 

binding. It need not be expensive, but it should be better than 

a spiral. Spiral-bound boohs don't last very long because the 

pages tear out easily. T h e best training logs are ledger books 

with relatively plain paper, but simple composition books, the 

kind with the mott led covers, work jus t fine. 
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T w o cheap a n d useful examples of tra ining logs. 
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the "stress" workout, the lighter midweek workout comes 
during the recovery period, and the last, higher-
intensity/lower-volume workout is done when the trainee has 
recovered enough to show an increase in performance. The 
total weekly training volume and training stress is low enough 
that as each week begins the trainee has no accumulated fatigue 
from the previous week, yet the one "stress" workout on 
Monday is high enough in volume to trigger an adaptation, and 
the heavy single set on Friday provides enough intensity that 
neuromuscular function is reinforced without fatally upping 

the volume. 
This is the simplest level of periodization, and this is 

the first appropriate time to use it. While the trainee was 

making progress with simple linear progression, this type of 

variation would have wasted training time. More progress was 

being made each week using the simple incremental increase 

every workout than could be made with this one, considering 

the 80% midweek loading. But at the intermediate level, the 

trainee's ability to progress that last has diminished, and in 

order for progress to continue, the small midweek offload and 

the Monday/Friday load variation become not only okay but 

necessary. 

Most intermediate trainees will be able to spend months 

making progress on programs set up like this one. Different set 

and rep schemes can be used, as long as the basic template of a 

volume workout, a light workout, and an intensity workout is 

followed. 

Here is another example of this basic intermediate 

template, this time for pressing exercises: 

Monday 

Push press, 6 sets of 3 reps 
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Wednesday 
Press, 2 sets of 5 reps 

Friday 

Push press, 1RM, 2RM, or 3RM 

Like the sample squat workout, this push press workout uses a 

high-volume session on Monday, a related but less stressful 

exercise (because lighter weights are used) on Wednesday, and a 

high-intensity session on Friday where training volume is low 

but PRs are attempted. Once again, the plan is pretty simple. 

The Monday workout should be stressful enough to cause 

homeostatic disruption. Any trainee who has gotten to this 

point in training should be able to make a pretty good guess at 

what is needed, and sets across is a proven strategy, one that has 

worked for many people for decades. The second training 

session should be enough work that the muscles involved are 

used through the range of motion, but at a load that does not 

add to the disruption caused by the first workout. In fact, this 

light workout helps stimulate recovery by increasing blood 

flow to sore muscles, in effect reminding them that they will 

have a job to do on Friday. It should leave the trainee feeling 

better and more recovered than before it was done. The third 

day should be an attempt at a personal record. 

This is the key to intermediate level training: workout-
to-workout progress is no longer possible, since much of the 
distance between completely untrained and total genetic 
potential has been covered in the novice months. What is 
possible is weekly progress, and Friday's workout is the 
opportunity to demonstrate it. Every effort should be made to 
choose weights carefully so that the PR can actually be done. 
Much is riding on the trainee's ability to stay unstuck during 
this phase of training. The reps each Friday do not have to be 
the same; it is quite useful to try for a max single, double, or 
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triple on Friday, or rotate between all three. This helps with 

staying unstuck. 
When a program like this is started, the goal is to make 

progress on both Monday and Friday, just as in the novice 
program. When all the prescribed sets and reps on Monday are 
accomplished, raise the weight for the next week. If a new 1RM 
is set Friday, next week try for a new 2 R M . In essence, linear 
progress is still being made, but the line is now being drawn 
between Monday and Monday, and between Friday and Friday, 
instead of between Monday and Wednesday. 

Very often, after 4 or 5 weeks of progress with personal 

records getting more difficult on Friday, what is needed to keep 

the cycle running for a few more weeks is nothing more than a 

slight reduction in Monday's workload. Cut back the number 

of sets, or even the weight on the bar a little, and progress on 

Friday's workout can usually be maintained. The object is to 

make Monday's workout stressful enough to spur progress, not 

so stressful that it interferes with Friday's PR. 

It is always possible to exceed recovery, just as it is 

always possible to understimulate. Balance between the two 

must be achieved, or progress does not occur. The novice has 

little chance of chronically exceeding recovery ability unless 

heinous abuse occurs, in the form of crazy numbers of sets and 

reps due to unskilled or absent supervision. And if any increase 

in weight at all is occurring each workout , progress is being 

made, although slower progress than might be possible with 

more aggressive loading. (The novice can exceed his lifting 

ability - the limits of strength - in which case the weights 

chosen cannot actually be done for the prescribed reps and sets. 

This error will also lead to no progress, but is so obvious that it 

can and must be immediately corrected.) The intermediate 

phase of the athlete's career, then, is the first opportunity for 

the serious misapplication of training variables that would 

result in an imbalance between stress and recovery. 
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The ability of the body to recover from a workload 

increases with training, but even with the same sets and reps, 

the workload increases as strength—and the weight on the b a r -

goes up. The novice squatting 200 pounds for 3 sets of 5 was 

challenged by the task of recovery from that workload. Now, 

the intermediate lifter squatting 300 pounds for 5 sets of 5 

several months later is still being challenged. Of course 200 

pounds for 3 sets would at this point be very easy to recover 

from, but doing that doesn't accomplish anything. Can 300 

pounds for 5 sets be recovered from as easy as 200 pounds was 

months ago? Maybe, maybe not. That is why Monday's 

workout has to be adjusted, and not always adjusted up in a 

simple stepwise manner as with earlier workouts. Sometimes as 

strength goes up, a set must be dropped from the workout, or 

the percentage of max slightly lowered to keep residual fatigue 

from creeping in. The more advanced the trainee, the finer the 

line gets between not enough and too much. 

In chapter 6 we discussed two possible remedies for 

stalled progress in a novice's linear training cycle. Those can be 

applied at the intermediate level as well, specifically to the task 

of keeping Monday's training stress from going too high or too 

low. 

If progress simply stalls, with no reduction in the ability 
to complete Monday's workouts but an absence of personal 
records on Fridays, the stress needed to spur progress is 
probably not being applied on Monday. Often an increase or 
slight change in Monday's workout will restore progress. 
Adding a set is a good idea. Or, holding the total number of 
reps constant while using more lower-rep sets with slightly 
higher weight also works well. For example, Monday's 5 sets of 
5 (25 total reps) with 300 pounds becomes 8 sets of 3 (24 total 
reps) with 315 pounds. The addition of one or two higher-rep 
sets done after the regular work sets is another option; these are 
referred to as back-off sets. The trainee doing 5 sets of 5 with 
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300 pounds could follow that with a set of 10 at 250, or even at 
225 if done with a pause or some other alteration that makes 
the reps harder at lighter weight. The possibilities are endless, 
but they should not all be explored at the same time; stress 
should be added in small increments. 

If, however, actual regression occurs, not only in 

Friday's workout but with staleness carrying over into 

Monday, then usually the workload on Monday is too high, 

and residual unrecovered fatigue is creeping in. Possible 

solutions could be to drop a set or two from the sets across, 

reduce the work-set weight, or reduce the reps in the work 

sets—from 5 sets of 5 with 300 pounds to 5 sets of 3 with 300, 

for example. 

With intelligent, careful use, it is not uncommon for 

this type of program to yield many months of continual 

progress. 

Speed Sets. A valuable training tool that fits very well 

into this template is speed sets, as popularized by Louie 

Simmons in his Westside method. High-intensity training, the 

utilization of a very high percentage of force production 

capacity, is very productive but difficult to recover from in 

large doses. 

Speed sets specifically target neuromuscular efficiency. 

Any reps done where maximal force is applied trains the 

efficiency with which motor units are recruited. The most 

common way to generate maximal force is to use maximal 

weights—3, 2, or 1RMs. The problem with using maximal 

weights is that it is extremely taxing and hard to recover from. 

Lifting heavy weights is obviously a useful thing, but heavy 

weights must be respected and used properly and sparingly or 

chronic injuries can develop. One way to increase the number 

of motor units recruited to generate force is to ask for that 

force to be generated quickly, in an explosive manner that 
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requires the coord ina ted firing of h igh n u m b e r s of m o t o r uni ts 

s imultaneously. Th i s increases neu romuscu la r efficiency, in 

effect mak ing it easier for the b o d y t o regularly recrui t this 

larger n u m b e r o f m o t o r un i t s by teaching the b o d y to do i t on 

demand. T h e m o s t useful way to t u r n on m o r e available m o t o r 

units each t ime the ba r is lifted is to use a l ighter weight , 

somewhere b e t w e e n 50 and 7 5 % of 1RM, and push the bar as 

fast as possible . T h i s has advantages ove r us ing maximal 

weights: i t a l lows far m o r e reps to be d o n e , pract iced wi th , and 

recovered f rom, and i t can be used for l ong per iods of t ime 

wi thou t in ju ry due to t he l ighter we igh t s involved and the 

reduced stress on jo in t s a n d t e n d o n s . 

A p r o v e n w a y to use this m e t h o d is w i t h t i m e d sets, 

usually d o n e w i t h a b o u t 10 sets of 2 or 3 repe t i t ions w i t h a 

short , con t ro l l ed rest b e t w e e n t he sets, and t he ba r m o v e d as 

quickly as absolu te ly poss ible for each r ep . I t c a n n o t be stressed 

enough tha t even t h o u g h this t y p e of t r a in ing is usual ly done 

wi th l ighter we igh t s , each r epe t i t i on m u s t be d o n e w i t h 

m a x i m u m effort. T h e m a g n i t u d e of t h e force p r o d u c t i o n is 

de te rmined by t he degree of acceleration of the load, no t the 

a m o u n t of we igh t on t h e bar , and accelerat ion is comple te ly 

vol i t ional—the t ra inee m u s t act ively t r y to m o v e each rep faster 

than the last one . H e r e i n lies t he difficulty: this level of focus is 

hard for m a n y peop le to ma in t a in , and i t m u s t be main ta ined 

for all ten sets or the benefi t is lost . A 6 5 % weigh t is of no use 

moved s lowly, bu t , w h e n m o v e d explosively for 20 reps in 10 

minutes , i t becomes a ve ry power fu l too l . 

W h e n beg inn ing this t ype of t ra in ing, i t i s n o r m a l to 

cont inue to use 5 sets of 5 on M o n d a y and replace Fr iday ' s 

w o r k o u t w i t h speed sets. A lifter ready to t ry this on the bench 

press might have d o n e 250 p o u n d s for 5 sets of 5, 275 for one 

set of 5, and migh t be assumed to have a 1RM of a round 300. A 

good first week for this type of p r o g r a m migh t be 240 for 5 sets 

of 5 on M o n d a y and 185 for 10 triples on Fr iday, wi th one 
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minute between sets. The weight to use for the sets is the most 
weight that allows all 30 reps to be done explosively. If even the 
last rep of the last set slows down, the weight is too heavy. In 
fact, the first time this workout is used, the last set of 3 should 
be noticeably faster than the first set. 

The object is to really explode under the bar and 

complete each set as quickly as possible. It is normal to take 2 

to 3 workouts to find the correct weight, and then stay at that 

weight for several weeks while the weight increases on the 

other workout. For instance, 185 on the bar for Friday's speed 

sets might work for 4 to 5 weeks, while normal progression on 

Monday's workout carries the weight back up to and past the 

previous 250 for 5 sets of 5. Remember, the object on Monday 

is heavy weight for sets across that goes up a little each week, 

and the object on Friday is moving the same weight as last 

Friday, only faster. 

This is probably the best way to utilize this method the 

first time. It's the hardest to screw up, and the very act of 

trying to accelerate the bar, even without increasing the weight 

every week, will improve the ability to fire more motor units, 

which helps drive up the 5 sets of 5. 

Speed sets can be used with most multi-joint exercises, 

although different exercises customarily use different reps and 

sets. Squats use 2 reps, usually for 10 sets, while bench presses 

and presses typically use sets of 3, again for 10 sets; both are 

done with a one-minute rest between sets. Deadlifts work well 

with 15 singles on a 30 second clock. Weighted chin-ups have 

even been done this way. It works best to take each set out of 

the rack on the minute, re-rack it quickly, and focus on the 

next set during the rest. 

Speed sets work well within the general intermediate 
template, because at first the ability to do relatively light 
weights fast will be underdeveloped, and the speed workout 
will not be that stressful. The speed workout is substituted for 
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the PR workout on Friday, with the high volume workout 

remaining as the primary stressor on Monday. The unique 

neuromuscular stimulus of this type of training should allow 

steady progress on Monday's workout for a while without 

subjecting the body to more stress than it can recover from. 

But as proficiency at speed sets increases, this workout can 

become stressful enough to be used as the main stressor on 

Monday, with a lower stress workout , possibly several heavy 

singles across, at the end of the week. 

The Split Routine Model 

The three-day-a-week whole-body workout plan that 

has been used up to this point is a very effective way to 

organize training. In fact, most people would be well served by 

continuing this basic program design through their whole 

training career. It is an efficient use of time, and it provides a 

complete workout . There are. however, reasons to change from 

this model. 

One possible reason is simple boredom. Training should 

be fun, and indeed more progress will be made if it is. Different 

people have different psychological needs for variety. For some, 

the prospect of continuing on for years and years training the 

whole body three times a week is not welcome. These people 

will respond better to a program that varies more during the 

week, or even one that varies every week. 

For some, the need to combine gym workouts with 
more specific training for a competitive sport will necessitate a 
change. This could be caused by time constraints, or by the 
need to avoid the systemic fatigue that a whole-body workout 
causes so it doesn't interfere with sport-specific training. Split 
routines address this problem by dividing the workload into 
more manageable segments along the lines of functional 
differences in the exercises. 

1 8 9 
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A good example of a weekly schedule change w o u l d be 

that of a compet i t ive shot -put te r changing f rom 3 days a week 

to a 4 day a week p r o g r a m , as follows: 

Monday 

Squats and pressing exercises 

Wednesday 

Pulling exercises such as cleans and snatches, and other back work 

Thursday 
Squats and presses 

Saturday 

Pulling exercises 

This can be appropriate for several reasons. Trainees involved 

in sports like the shot put normally do technique-oriented 

training several days a week, throwing various implements and 

using some form of plyometric training and sprint work. Good 

quality technique training is difficult the day after a whole-

body workout, just as fifty throws would interfere with squats, 

pulls, and presses if done within an hour or two of practicing 

the shot put. What many would consider the most important 

exercises for the shot put—dynamic pulling exercises such as 

snatch and clean and related exercises—are placed by themselves 

so that the trainee can devote an appropriate amount of 

attention to them. 

Many competitive powerlifters use a training schedule like this 
one: 

Monday 

Bench press and related exercises 

1 9 0 
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Tuesday 

Squatting and deadlifting exercises 

Thursday 

Bench press and related exercises 
Friday or Saturday 
Squatting and deadlifting exercises 

For the powerlifter, the split serves a different purpose 

than for the shot-putter. The equipment and specialized attire 

used in the sport lengthens time it takes to train each lift. 

Training all three lifts in one session would often mean a 4-

hour session, something neither desirable nor possible for many 

people. The bench press is best trained the day before the squat 

so that it is not affected by the fatigue produced by squatting 

and deadlifting. As related movements, squatting and pulling 

exercises can be combined. With the focus on very heavy 

weights and the use of specialized lifting attire in the sport, 

these two lifts cannot be trained heavy more than once per 

week by most competitive lifters. Since the same basic muscle 

groups are used, it is convenient to have a heavy squat/light 

deadlift workout, and another that is heavy deadlift/light squat. 

The Starr Model 

A different model of weekly periodization described by 
Mark Berry in 1933 called for three training days per week and 
variation in workload among those days. In this model, the 
whole body is worked every day using many of the same 
exercises, but the amount of weight varies each day: a medium 
day, a heavy day, a light day. Various permutations of this 
model have been used for several decades, one of the most 
popular being the version presented by Bill Starr in his 1976 

191 
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book The Strongest Shall Survive. Starr's was a similar three-day-

per week model, with the loads ordered heavy to medium to 

light, a slightly different application of the load/rest 

relationship than in the Texas method we describe earlier in 

this chapter. Another version was used by Dr. Mike Stone as 

early as 1976 and outlined in a number of his publications from 

the National Strength Research Laboratory at Auburn 

University in the early 1980s. This method uses a simple load 

variation among four workouts per week (rather than the three 

of previous incarnations). Both the Starr and Stone models call 

for varying the exercises between days in addition to the 

varying the load. Dr. Stone's model is likely the most 

completely researched and frequently cited periodization 

program in Western sports science literature. It works very 

well in its early three- and four-day stages for most strength and 

power athletes. Other coaches have adapted this program for 

Olympic weightlifters, adding a fifth and a sixth day as the 

athletes advances and adapts to an ever-increasing training load 

(table 7-1). 

Adding a day- for the purpose of increasing training 

volume is actually different from doing a 4-day split routine as 

described above, where the four days are essentially two 

workouts that have been divided into four. When increasing 

training volume from a three-day schedule, another complete 

day is added and the entire body is trained, as on the other 3 

days, but at a different intensity. 

So far, we have used the terms "heavy," "medium," and 

"light" very loosely, but it is most useful to consider loads as 

percentages of 1RM, since this is a quantifiable value for each 

athlete. "Light" is any load less than 70% of 1RM, "medium" is 

greater than 70% but less than 85% of 1RM, and "heavy" is a 

load greater than 85% of 1RM (table 7-2). Do not use multi-RM 

test values in programming with this model; the best and most 
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accurate reference point is an absolute value related to maximal 

strength rather than a sub-maximal estimate of strength. 

Simple enough. More complex, though, is the correct 

application of this concept. Doing one set of 3 with 70% is light 

work and will facilitate recovery as "active rest" if used as part 

of a light-day workout. But what happens with 5 sets of 10 at 

70%? Each trainee at the intermediate level has a specific 

training goal: strength, power, or mass, and each of these goals 

has a specific repetition range associated with it. Each range also 

has an associated intensity (%1RM) that is a maximal stress. For 

example, a trainee should be able to do three sets of 10 with 

about 75% of 1 R M . This would be difficult; it is an intensity 

that is high for the repetitions. Knowing this, offload or 

recovery days can be planned for by reducing the intensity 

without changing the reps. If 3 sets of 10 reps with 7 0 % 

constitutes the heavy day, offload would be 50 to 6 0 % of 1RM 

for three sets of 10. But if 8 0 % for sets of 5 is the work, 7 0 % for 

sets of 10 is not offloading, and it will not facilitate recovery. It 

is important to understand the relationship between repetitions 

and intensity, how to manage that relationship correctly, and 

how trainees respond to it (table 7-2). 

The goal of any model of weekly periodized training is 

to produce a disruption in homeostasis through the cumulative 

effects of heavy training days, and then allow 

supercompensation to occur with the inclusion of the light day 

and the rest it provides. The light day is an absolutely essential 

component of the program; it is a recovery day. A light 

training load should not be enough to induce an overload and 

disrupt homeostasis, and it is not really a part of the overload 

event. It should be light enough to allow for recovery while at 

the same time providing enough work through the movement 

pattern to prevent any loss of fitness. Failure to include the 

important and frequently overlooked light training day will 
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Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Three Days Per Week 

Medium Off Heavy Off Light Off Off 

Heavy Off Heavy Off Light Off Off 

Four Days Per Week 
Heavy Medium Off Heavy Light Off Off 

Heavy Heavy Off Heavy Light Off Off 

Five Days Per Week 

Heavy Medium Heavy Off Heavy- Light Off 

Heavy Heavy Heavy Off Heavy Light Off 

Six Days Per Week 

Heaw H e a w Medium Heavy Heavy Lieht Off 

Table 7-1. Progression of the variations of training frequency and 

intensities. N o t e that each t ime a day is added, it is med ium in intensity. 

Each schedule is used for a few weeks or months , unti l progress stalls, before 

attempting the next, more demanding, level. Not ice that there is only one 

"light day" included in each weekly series and there is at least one complete 

day off each week. Assuming 3 m o n t h s to adapt to each new 

frequency/load, this table would represent about two years of training and 

progression in both volume and intensity. 

194 
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Table 7-2. The difficulty of a repetition scheme is a function of both the 

intensity,and the volume used. (The numbers in the table represent reps.) A 

set of 3 repetitions wi th 90% 1RM is hard, as is a set of 15 with 60% 1RM. 

As such, 60% for 15 reps cannot be considered a recovery workou t any 

more than 90% for 3 reps. Recovery during periodized training requires a 

reduction in intensity. F o r example, if sets of 3 are being used to train for 

strength, 90% would be a hard workou t , and 70% for 3 reps would be 

considered an easy workou t that will allow for recovery. 
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%1RM Light Medium Heavy 

100 -- -- 1 

90 -- 1 3 

80 3 5 8 

70 5 8 10 

60 8 10 15 

50 12 20 25+ 

Low Moderate High 

Subjective Difficulty 

Adaptive Stimulus 



Practical Programming 

1 9 6 

Real i ty Check 
Notice that we introduced the concept of l R M testing 

and application for the first t ime in the discussion of 

intermediate trainees. As useful as l R M is for trainees at this 

level, it does have its l imitations for athletes in other 

situations. 

Novice trainees cannot use a l R M to determine 

anything, because l) they cannot perform a true one-repetition 

m a x i m u m effort, and 2) if they could perform a l R M , it 

would not be valid for exercise programming . 

Novices , by definition, lack the motor skill to perform 

a valid l R M on any barbell exercise. T h e y have only been 

performing the movements a short t ime a n d have not had a 

chance to develop the motor pa thway of the movement to 

point where the effort can be the focus instead of the 

movement pattern. S o , by definition, any heavy one-rep 

attempt at any barbel l exercise by a novice is submax imal . 

Such a test proves nothing a n d tests nothing and is inherently 

dangerous enough for inexperienced trainees that it is not 

worth the risk. 

O n e very good reason t h a t the percentages calculated 

from such a test are inval id for determining work loads for the 

novice is the fact that novice trainees get stronger every t ime 

they are exposed to an effort they have not previously 

performed, if the test itself m a k e s the trainee stronger, then 

the test h a s functioned as a tra in ing s t imulus and subsequent 

efforts based on it are wrong. If a novices ability improves 

every t ime he tra ins , he is essentially a different athlete than 

the one for whom the test is supposed to determine workloads. 

O l d e r athletes over 40 , even at the intermediate level, 

need to be cautious when at tempt ing l R M , especially for 

purposes of determining programming percentages. It is one 

thing to risk an exposure to a heavy weight in a contest 
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environment, since that is the purpose for training. It is quite 

another for a masters athlete to test an actual 1RM as a 

diagnostic for further programming . If done using absolutely 

correct form, 1RM can be tested during a heavy-day workout 

without a great deal of risk for an experienced athlete, and the 

results of a 1RM are more accurate than a sub-max RM test. 

But masters competitors have enough problems already, 

among them chronic injuries being tra ined around, inelastic 

l igaments and tendons, and less efficient recovery abilities. 

Sometimes it might be better to rely on the subjective 

perception of the older, experienced athlete for information 

about absolute s trength for p r o g r a m m i n g purposes, depending 

on the acumen of that part icu lar individual . 

I f the occasion arises that m a k e s s trength testing 

necessary, which should be done l R M or m u l t i - R M ? A multi-

RM test done within the parameters of the workout program, 

using the s a m e reps that the p r o g r a m is us ing at that t ime, is 

useful for determining p r o g r a m effectiveness. It provides a test 

result and does not d i srupt the volume/ intensi ty scheme the 

way a series of heavy singles would. B u t in the context of an 

effective program, a trainee is never far removed from a 

m a x i m u m multi-rep effort anyway, so this information is 

readily avai lable without the test. T h e result of a formal 

5 R M test will not usual ly be more than 3 to 5% higher than 5 

heavy reps done in the course of training. 

A l l exercise test ing carries a smal l amount of risk, but 

which is safer? A 1RM test is no more dangerous than a 

M u l t i - R M for an open age-group competitor. A 1RM does not 

actually fatigue the muscle; the muscle simply cannot generate 

enough force to move the weight through the complete range 

of motion of the lift, and the spotters take it. In the absence of 

an active injury, and assuming correct form, 1RM is not 

inherently dangerous for an experienced lifter. Contras t this to 
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lead to overtraining and reduce the program's success. It is also 
important to note that the higher the percentage of 1RM used, 
the more disruption of anabolic/catabolic homeostasis occurs. 
A 70% day may seem too easy and appear to be wasted time, 
but it is necessary for progress. Do not yield to the temptation 
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a mul t i -RM test that uses repetition to muscle fatigue and 

subsequent failure. Not only is an additional factor added to 

the test, but the trainee is exposed to a larger, longer testing 

load. Neuromuscular fatigue and big loads together are more 

potentially dangerous than simple failure with one rep. 

T h e process of executing a 1RM test is fairly 

straightforward. After a warm-up, a series of progressively 

heavier at tempts is made . W e i g h t increases should be 

relatively small , and the test should include about 10 to 12 

total reps. For a m u l t i - R M test, the number of reps should be 

consistent with the current tra ining program. W e i g h t should 

be added progressively after each successful set, with judgment 

exercised so that the last set before the final 5 R M does not 

produce sufficient fatigue to adversely affect the results. 

It should be understood that a 5 R M test yields a 5 R M ; 

and a 5 R M is not terribly useful for predicting a 1 R M . M a n y 

factors influence the efficiency with which an individual 

converts a 5 R M to a 1 R M , a n d i t i s not an exact science. 

T h e r e are m a n y formulas that have been developed, none of 

which can take into account the factors peculiar to the 

individual test s i tuation: the neuromuscular efficiency, 

experience, fatigue, mood, a n d sex (see chapter 9) of the 

athlete, not to mention the differences with which individual 

exercises convert from 5 reps to m a x single, if a 1RM value is 

required, then 1RM m u s t be tested, since there is no other 

accurate way to produce or calculate one. 
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Intensity Variation. Varying the percentage of 1RM 

lifted is only one way to vary intensity in the Starr model. But 

it is imperative to vary intensity during the training week in 

some form or another. Doing the same heavy-day workout in 

a weekly schedule that calls for 3 heavy days per week will not 

work very long. When a week contains several heavy days, 

different ways to train heavy must be used each time or 

staleness will result. In the example above, 5 sets of 5 heavy 

reps across on Monday with one heavier set of 5 reps on 

Wednesday is an excellent way to vary the quality of the heavy 

day and keep the intensity high. Using different numbers of 

reps at the same high relative intensity works well: for a week 

with three heavy days, a good organization would be 5 heavy 

sets of 5 across on Monday, one heavy triple on Tuesday, and 5 

heavy singles on Thursday. The critical factor is the variation 

among the heavy workouts, keeping the intensity high while 

changing up the quality of the work done at that high intensity. 

Rest between sets is a variable that lends itself to 
manipulation quite readily. In the earlier discussion of speed 

to push up the percentages on light days. Remember this: you 
don't get strong by lifting weights. You get strong by 
recovering from lifting weights. 

In this model, it does not matter what day of the week 

the light day falls on. Recovery begins immediately after each 

workout, as the body begins to repair the damage done by the 

stress so that adaptation can occur, and all the significant 

damage is done during the heavy workouts. Light days do not 

add to the damage—they aid recovery from it. The light 

workout is therefore embedded in the part of the week in 

which recovery takes place. A light day on Friday means that 

by Monday a trainee should be recovered and ready for more. 

If the light day is on Monday, the trainee should be recovered 

and ready for a larger load on Wednesday or Thursday. 

1 9 9 



Practical Programming 

200 

sets, we noted that control of the rest time is an important 
variable. All training facilities should have an analog clock with 
a sweep second hand for this purpose. Sets that would 
otherwise be of low intensity can be made very hard by 
limiting recovery between sets to a minute or less, such that 
only partial recovery is possible and each following set is done 
in a climate of accumulating fatigue. 

As discussed above, speed of movement is an intensity 

variable that can be manipulated very effectively, especially if 

power production is a primary training consideration. A high 

bar speed with an exercise traditionally done slowly produces a 

much higher power output, allowing the squat, press, bench 

press, and deadlift to be trained at a high intensity while using a 

relatively light weight. This work is of high intensity because 

of the amount of force necessary to accelerate the weight to 

high velocity, but it lacks the heavy skeletal load that 

accompanies weights closer to 1 R M , thus stressing the 

ligaments less than heavier weights otherwise would and 

contributing to better and easier recovery. 

Some exercises are by their nature more intense than 

others, in terms of their effects on recovery. Heavy, limit-level 

deadlifts are very stressful, making sets across at a high 

percentage of 1 R M a bad choice because of their effects on the 

rest of the training week. One heavy set of deadlifts usually 

produces sufficient stress without the need for more sets. 

Conversely, the stress produced by even very heavy power 

cleans is of a different quality, since the factors that limit the 

amount of weight in the power clean do not involve absolute 

strength and therefore do not stress the contractile components 

of muscle, the ligaments and tendons, and the nervous system 

at the level the deadlift does. Heavy cleans produce their own 

unique type of stress, related to the impact involved in racking 

the bar, but it is quite different from that produced by a heavy 

deadlift. As a general rule, exercises strictly dependent on 
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absolute strength for their execution at heavy weights are 
harder to recover from than technique-dependent exercises that 
are limited by skill of execution and power production. This is 
why the Olympic lifts can be trained with a higher frequency 
than the powerlifts, and why training programs for athletes 
must take into consideration the relative intensities of the 
primary components of the program. 

Whatever the method used, higher intensity work must 

be varied if it is to be used for long periods of time in the 

context of weekly programming. If variation does not occur, 

and good choices are not made about how to approach high 

intensity, progress will slow prematurely. 

Frequency Variation. Another way to increase volume 

during the training week in the Starr model is to add workouts. 

Add training sessions one at a time and hold the volume 

constant for several weeks or months, until progress slows at 

that volume, at which point you can add another day. The 

tremendous number of possible combinations of workouts per 

week and light-medium-heavy loading make this model of 

training useful for 2 to 3 years, possibly longer than either of 

the other two models. When introducing an additional 

workout, initially add it as a medium-intensity day. Later, as 

the trainee adapts to the load, the intensity is increased. 

Progression through the number of workouts per week 
requires close observation of how the trainee tolerates each 
addition. Some trainees initially appear to handle a fourth 
training day with ease, but between two and four weeks later 
they crash: work tolerance goes down, performance decreases, 
nagging injuries or pain become evident. This point may be the 
upper limit of the trainee's work capacity, the point beyond 
which overtraining will occur. Some offloading must happen 
for a short time, either by changing a heavy day to a light day 
or by eliminating a single workout (not the light one) for two 
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weeks or until the trainee feels normal again. Failure to do so 
could easily result in a first exposure to overtraining, costing 
valuable training time and producing frustration and possible 
chronic injuries that could interfere with long-term progress. 
The way this first exposure to excessive overload is handled is 
crucial to later dealings with overtraining issues. Correct 
offloading and recovery now teaches the importance of 
recovery in the grand scheme of training and establishes a 
precedent for an intelligent approach to handling overtraining. 

Most athletes will not need to even attempt training 

schedules of more than four days per week. There are few 

sports that benefit from more than four days of training outside 

their specific practice requirements. Powerlifting, as it has been 

traditionally trained, does not typically use more than four 

days per week, although some more progressive lifters have 

gotten good results by doing so and the paradigm is changing. 

But field sports, Highland garner, strongman competition, and 

team sports that use barbell conditioning will not normally 

need or desire any more gym time than a four-day program 

provides. So anyone interested in five or six days of training is 

probably a competitor in one of the barbell sports— 

weightlifting or powerlifting—or is a physique competitor. 

For these athletes, each increase in training volume must 

be carefully gauged. As training progress slows each time 

volume is added, the cause of the plateau must be correctly 

evaluated to make sure that the slowdown is not caused by a 

non-volume-related training variable. It might be that the 

intensity is too high on one or more of the heavy days or too 

low on more than one of the heavy days, or that proper 

recovery is not being attended to. If the cause of the plateau is 

determined to be other than training volume, progress should 

be restored by fixing these problems before volume is increased 

again. 
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Very fit trainees who tolerate the five- and six-days-per-

week schedules may further benefit from doing two workouts 

on one or more days per week. Dr. Keijo Hakkinen has shown 

that strength gains may be more efficiently produced by 

dividing up a day's training volume into two workouts instead 

of one. This system is used in many national team training 

situations where the athlete's schedule is completely free of 

outside constraints on training. Instead of spending two to 

three hours in the gym at one time, an hour or so two or more 

times in a day allows the body to experience additional 

recuperation between training stresses. In collegiate programs 

and in professional sports situations, it is the strength coach's 

job to be there to help, and the athletes' responsibility to do 

everything they can to improve. But most athletes will not be 

able to conform to a schedule like this due to obvious conflicts 

with school, work, and family. In high school programs, the 

schedule is determined by the available time, not by what 

would be ideal for training. 

The intermediate trainee can use this programming 

schedule for quite some time. There is a great deal of room for 

progression, with variations in both sets/reps and workout 

intensities as strength is gained and the number of training 

sessions increases systematically. The limit on the number of 

workouts per week for this model of periodization is highly 

individual. Personal schedules, family commitments, work, and 

the ability to physiologically adapt to high training volumes all 

play a role. At some level, the ability to increase training 

volume to the maximum tolerable level may determine the 

ultimate success of the athlete. Five heavy training days and one 

light day repeated every week for three months is something 

from which very few people can recover adequately; most will 

be overtrained on such a demanding schedule. The vast 

majority will not get even this far before overtraining becomes 

a major problem. Only the most genetically gifted athletes who 
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"A crime persevered in a thousand centuries ceases to be a 

crime, and becomes a virtue. This is the law of custom, and 

custom supersedes all other forms of law." 

—Mark Twain 
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are also able to devote all necessary time to training and 
recovery can function at this high level of loading without 
gigantic problems. The ability to do so indicates that the athlete 
can function and progress at the extremes of human ability, the 
very quality necessary for elite-level performance. 

If it is determined that the trainee has reached the end 
of the usefulness of weekly training organization, advanced 
programming methods are warranted. 
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8 - The Advanced Trainee 
From Progressive to Periodized. 

The advanced trainee is one for whom a weekly training 

organization is no longer working. At this level of 

advancement, an overload event and subsequent recovery from 

it may take a month or more. Furthermore, each overload 

event may be designed to produce a different type of overload, 

such that several of these longer periods taken together produce 

cumulative effects that they would not produce separately. 

Arguably the most important step in the 

stress/adaptation cycle is the recovery—without it, adaptation 

does not occur. For the novice, a simple day off between 

workouts is sufficient. For the intermediate, several days are 

required, during which a couple of low-impact workouts are 

performed to preserve skill and conditioning and to 

demonstrate increased performance. For the advanced trainee, 

the rest phase can be one or two weeks of decreased training 

load, comprising several workouts that are low enough in 

volume to allow fatigue to dissipate but high enough in 

intensity to maintain the skills needed to demonstrate peak 

performance. Because of the interplay between stress and 

adaptation of different physical skills at different times, the 

advanced trainee is almost always in the process of trying to 

rest some particular physical quality while working to develop 

a different one. This makes for a complex training milieu, and 

care must be taken when setting the stage. 

Periodization is the term most frequently used when 
referring to the organization of weight training programming 
into periods of time longer than the interval between two 
workouts. Its central organizing principle is the variation of 
volume and intensity in order to obtain a training objective. 

2 0 5 
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One of the most commonly referenced models of periodization 
is attributed to Leonid Matveyev and is so entrenched in the 
literature that it is often referred to as "classical" periodization. 
Conventional wisdom holds that Matveyev's model is the only 
way to program resistance training for everyone, regardless of 
their level of training advancement. 

Periodization has a rather long history. At the turn of 

the last century, the term "photoperiod" was used to describe 

the phenomenon observed among athletes performing better in 

late summer and early fall. It was assumed that the amount of 

sunlight exposure was involved in the improved performance, 

and with this in mind the most stressful training was done in 

spring and summer. 

As early as 1933, Mark Berry was using weekly 

periodization for his bodybuilders and weightlifters, and wrote 

about it in several publications. In the 1950s, Lazlo Nadori, a 

sports scientist and coach in Hungary, developed a model of 

periodization for his athletes. The development of this 

particular model was unique to Hungary and was separate from 

the evolution of Soviet block periodization, since no 

translations were done. In the 1960s, Russian weightlifting 

coach Leonid Matveyev developed his concepts of 

periodization, and his 1971 book provides several different 

models. The one of these that is now known as "classical" 

periodization was intended for beginners. Later in the 70s, 

Matveyev's book was translated into German and English. 

Having written the first periodization book available in the 

West, he became known as the father of periodization by 

default. 

Also in the 1960s Matveyev's hated rival Yuri 
Verkhoshansky developed his system of conjugated loading, 
openly stating that periodization was crap. But since his 
conjugated loading system was also periodized, it must be 
assumed that he really just thought Matveyev's approach to 
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periodization was crap. In 1982, an East German sports 

scientist, Dr. Dietrich Harre, edited Principles of Sport Training, 

which is essentially a fusion of the works of Nadori and 

Matveyev. A couple of years later, Frank Dick, the head of 

British track and field, "liberally recreated" Harre's book in 

English. Tudor Bompa, author of the famous text Periodization, 

was trained in the East German system, and his first and 

subsequent texts are essentially reiterations and adaptations of 

Harre's adaptation of Nadori and Matveyev. And here we are 

today with no new thoughts, no new systems, and no real 

explanations of periodization since the last century. What we 

do have is a large misunderstanding about what periodization is 

and how to use it. 

The fact is that, from Mark Berry's observations in the 

1930s forward, the basic features of training for advanced 

athletes preparing for a competition have always been these 

two things: 

Thing 1 - The closer an athlete is to individual genetic 

potential, the more important the cumulative effects of 

a series of workouts become (fig. 8-1). 

Thing 2 - Training for more advanced athletes must be 

organized into longer periods of time, and those periods 

progress from higher volume and lower intensity 

toward lower volume and higher intensity (fig. 8-2). 
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Figure 8-1. Thing 1. The advanced trainee responds to periodized 

programming over a longer period of t ime than either the beginner or 

intermediate trainee. Gray bars indicate training periods, whi te bars are time 

off. 

Figure 8-2. Thing 2. There is an inverse relationship between volume and 

intensity during a single training cycle for the advanced trainee. 
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As simple linear progression directs the novice's 

workout-to-workout training, and as simple weekly variation 

directs the intermediate's training, Thing 1 applies to athletes 

whose response to training has advanced to the point that 

several weeks at a time must be considered in their 

programming. Thing 2 is a function of the fact that advanced 

athletes compete, they do so at specific times, and their training 

has to allow all aspects of performance to peak at those 

particular times. A novice is not a competitive athlete, at least 

not in any serious sense. An intermediate may compete, but 

performance at the intermediate level is still progressing 

quickly enough that each weekend represents a peak anyway. 

Advanced athletes produce a peak by appointment only, and 

that peak must be scheduled in advance and trained for 

precisely and accurately. 

There are many ways to set up programs that fit within 

these parameters. Advanced programs are, by their very nature, 

highly individual matters, since no two athletes at this level are 

the same. They must be carefully developed according to the 

athlete's training history, personal tolerances and abilities, and 

the schedule of both the athlete and the sport. 

With this in mind, four basic versions will be presented 

here. First, a very simple pyramid model that illustrates the 

general principles involved in longer programming models. 

Second, one that works well for barbell sports in particular, the 

Two Steps Forward, One Step Back model. Next, the building 

blocks model, which uses four-week periods, each devoted to a 

different aspect of physical preparedness, to accumulate all of 

the necessary elements at meet time. And last, the hormonal 

fluctuation model, which uses a 5- to 8-week period of very 

intense training to force an adaptation through specific 

manipulation of the endocrine system. 
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The Pyramid Model 

T h e best w a y to j u m p in to longer t ra in ing cycles is with 

a very simple mode l , w i t h a s t ruc ture tha t consists of no th ing 

m o r e than a p y r a m i d tha t lasts for a t w o - m o n t h per iod. This 

example uses the squat and a lifter w h o s e 1RM is 400 pounds , 

5RM is 365, and 5 sets of 5 m a x is 340. 

Week 1 
Monday: 300 x 5 x 5 

Wednesday: 250 x 5 x 5 

Friday: 300 x 5 x 5 

Week 2 

Monday: 315 x 5 x 5 

Wednesday: 250 x 5 x 5 

Friday: 315 x 5 x 5 

Week3 

Monday: 330 x 5 x 5 

Wednesday: 250 x 5 x 5 

Friday: 330 x 5 x 5 

Week 4 

Monday: 330 x 5 x 5 

Wednesday: 250 x 5 x 5 

Friday: 345 x 5 x 5 

These first four weeks m a k e up the " load ing" p o r t i o n of the 

cycle. T h e tota l w e e k l y t ra in ing v o l u m e i s m u c h h igher than 

the t rainee has p rev ious ly d o n e , w i t h five sets of five across for 

t w o days per week ra the r t h a n just one . Th i s v o l u m e is such 

that the trainee shou ld exper ience some residual fatigue and 

may no t make a PR for 5 sets of 5 by the end of week four. In 

fact, by Fr iday of w e e k three the t ra inee migh t have t rouble 
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completing the prescribed sets and reps. But if fatigue has not 
accumulated, if recovery is occurring well, and all the reps of 
the fourth week's sets are finished, it would be useful to milk 
this process for another week, establishing new PRs for 5 x 5 , 
before entering a peaking phase. 

The four weeks that follow—the peaking phase—are 

dramatically different: 

As in the loading phase, another week can be added if 

warranted by recovery and progress in order to get the most 

out of the cycle. 
Reducing the volume and total training stress in this 

second phase allows gradual recovery from the previous high-
training volume. During weeks five through eight, the trainee is 
actually "resting" from the previous high-volume work, and as 
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Week 5 
Monday: 340 x 3 x 3 

Wednesday: 250 x 5 

Friday: 350 x 3 x 3 

Week 6 
Monday: 360 x 3 x 3 

Wednesday: 250 x 5 

Friday: 370 x 3 x 3 

Week 7 
Monday: 380 x 3 

Wednesday: 250 x 5 

Friday: 390 x 3 

Week 8 
Monday: 350 x 3 

Wednesday: 250 x 5 

Friday: 400 x 3 
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fatigue dissipates and adaptation occurs, improved performance 
is attained. Weeks one through four are, in essence, doing the 
same job as the Monday high-volume workout in the Texas 
model intermediate program, placing enough stress on the body 
to force adaptation, and weeks five through eight function like 
the Texas Wednesday and Friday workouts, allowing for rest 
and adaptation and the demonstration of increased 
performance. 

It is possible to successfully repeat a simple pyramid 

cycle like this several times, with virtually no changes other 

than an increased load. A trainee who completes this cycle 

might start the next cycle on week one, with Monday's 

workout weight set at 315 x 5 x 5, and end up with 415 x 3 at 

the end of week eight. This process could carry forward for 

many months, possibly longer. 

Usually, a week or two of "active rest" or less-frequent 

training with moderate weights is a good idea between cycles to 

assure that the trainee is rested and ready to undergo another 

period of stressful training. After finishing the above cycle, 

squatting twice per week for two weeks with 2 or 3 sets of 5 at 

300 pounds would be appropriate. 

The effectiveness of the pyramid cycle is not limited to 

sets of 5 and 3. Loading could be 3 sets of 10. Peaking could be 

one set of 5. The important thing is to do sufficient volume 

during the loading phase so that fatigue is accumulated, enough 

to make performance at or near PR levels difficult but not 

impossible. A good rule of thumb is that if levels of 90% or 

more of 1RM cannot be performed during week three before 

any reduction in training volume occurs, the workload is 

probably too high. If the trainee is at or above PR levels at the 

end of the loading period, an increase in loading for the next 

cycle will probably work. 
This simple example of the basics of longer 

programming can obviously be applied to all the lifts, not just 
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the squat. There are also more complicated plans, each useful 
in its own particular set of circumstances. 

The Two Steps Forward, One Step Back Model 

A second model, a variation on one used by USA 

Weightlifting's former national coach Lyn Jones with some of 

his athletes, manipulates the workload in four-week blocks, 

with progress made by connecting a series of these blocks using 

progressively higher loads. Each block starts with a week at a 

baseline load of moderate intensity. The second week moves 

average intensity up 10%. The third week is an offload or 

recovery week where average intensity is reduced 5%. This 

lighter week enables a 10% increase in load in the fourth week. 

The next four-week cycle begins at an intensity 10% greater 

than the previous cycle's starting point. Each of the series of 

four-week blocks prepares the trainee for the next, 

progressively heavier, block. Although each block may have a 

slightly different goal in terms of a particular narrow range of 

sets and reps, this model lacks the large magnitude in goal 

variation that is the primary feature of the building blocks 

model that we will discuss in detail later in this chapter. Each 

four-week cycle is slightly different, but they flow seamlessly 

toward the contest date with the object of improving the 

specific aspects of performance required that day. 

The TSFOSB model is not expected to achieve a 
measurable improvement in 1RM every four weeks. An 
advanced trainee will experience an improvement in 
performance with each four-week cycle, but the slow rate of 
improvement in the advanced trainee may be imperceptible 
over a period as short as four weeks (note the shallow slope of 
the performance improvement line in figure 8-3). Each block 
functions as an overload event, but the adaptation to the 
overload may produce an improvement small enough that it 
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can be easily measured only in the cumulative. Research 
suggests that a trainee at this level may improve only 10 to 20 
pounds on the basic exercises in up to a year's time—less than 
two pounds per month—depending on the individual and the 
exercise, a quantity small enough to be buried in daily 
variation. 

As a result, 1RM is not tested at the end of each cycle; 
the 1RM that the trainee was capable of in the very first week is 
used as a reference point throughout several connected cycles. 
And loads beyond 100% are not included. For example, if the 
previous cycle was programmed for 90%-85%-95%-90%, it 
would be tempting to follow the pattern and assign 100%-95%-
105%-100% for the next four weeks. However, the cycle is too 
short to produce a successful 105% effort. The improvement in 
four weeks would be 40 pounds on a 400-pound squat, an 
unreasonable expectation. Such progress is possible for a novice 
or an intermediate trainee, but these abilities have already been 
exhausted or advanced programming manipulation would not 
be necessary at this point. What actually should happen is that 
the four-week block starting with 100% tapers for the 
remainder of the cycle toward final testing or a competition 
done at the end of week four. The new 1RM performed at the 
meet or test would serve as the benchmark for the next series of 
four-week cycles. 

Setting up a four-week block of training in this type of 
format is fairly simple. Four-week blocks will usually be strung 
together into a longer period during which volume decreases 
and intensity increases, so it is best to identify the target date in 
advance and count back from there (this is a common feature of 
all contest-oriented programming). The number of weeks 
between the starting date and the target date determines the 
number of four-week segments and governs the selection of 
volumes and intensities. The example below is for 12 weeks 
using three four-week blocks. In a perfect world, four such 
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series, w i th o n e w e e k ' s active rest after each, w o u l d fill ou t a 

year 's t ra in ing schedule . Bu t i t does n o t usual ly w o r k ou t this 

way, and shor t e r or longer p r o g r a m s can be designed using the 

same pr inciples . 

2 1 5 

Figure 8-3. The generalized relationship between performance 

improvement and training complexity relative to time. 
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For the following example, the program's overall goal is 
power and strength. Each cycle throughout the training year 
can and should have a different goal. Simple repetition of the 
same program over and over will produce staleness and leave 
many aspects of performance undeveloped. 

Exercises for the cycle are chosen based on the focus of 

the cycle, and the focus of each workout. The following three-

day-per week example incorporates power development 

exercises (power snatch, power clean) and strength exercises 

(squats, presses, deadlifts). There are four exercises on two of 

the days, and three on the other, allowing for some daily 

variation. The whole body should be trained every workout, as 

large-scale stress on a large mass of muscle is more effective at 

driving adaptation than exercising a small amount of muscle. 

The goal in this cycle is to develop power and strength 

for a weightlifter, so a repetition range from singles to sets of 

five is appropriate. The exercises used should be appropriate for 

this rep range. One way to manipulate the volume is to vary 

the numbers of reps and sets. Since the trainee is well adapted 

to volumes of up to 5 sets of 5, we can use 5 work sets as an 

initial target, and then vary the number of sets to produce 

onload/offload. Volume starts high and progressively goes 

down through the four-week blocks. This means that the sets 

of five will be done first in the program. The triples, doubles, 

and singles will come toward the end of the cycle. 

In this model, loads are determined according to specific 

percentages of the trainee's 1RM. For example: 

Week 1 2 3 4 
Repetitions 5 5 5 3 
Sets 5 5 4 5 
Percent 1RM 70 80 75 85 
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Using percentages of 1RM for advanced athletes is no problem, 

since all advanced athletes have sufficient experience with the 

exercises to know their 1RM values within a few pounds. The 

percent of 1RM used can vary within a workout or workouts 

but should average out to the programmed percentage over the 

week. And a more advanced athlete might need to use more 

than the 5% offload in week three. Small alterations are 

acceptable as long as they remain within the general guidelines. 

When calculating intensity, consider only the heaviest 

sets in the workout . Do not use warm-up sets in programming 

calculations, because the sometimes-necessary extra warm-up 

will skew the calculation down and give an inaccurate picture 

of the actual intensity of the workout . 

Using week three as an example, the TSFOSB model 

uses work sets at 75% of 1RM for sets of 5 across. To calculate 

the work sets, we multiply each of our hypothetical 190 lb. 

athlete's best lifts by 0.75, as follows: 

Press: 175 x .75 = 131 lbs. (use 130) 
Bench press: 275 x .75 = 206 lbs. (use 205) 
Back squat: 405 x .75 = 303 lbs. (use 305) 
Deadlift: 450 x .75 = 337 lbs. (use 340) 

Now, we make a few changes to tailor the workout to the lifts 
and the lifter. Due to the nature of the quick lifts, power 
snatches should be done for doubles and power cleans for 
triples, instead of fives. The main pulling assistance movements, 
the snatch and clean high pulls—essentially the same form as 
the full movement, especially the shrug, but without the rack at 
the top—will use weights that are 20% heavier than the full 
version of the lift. This is because partial movements can be 
done heavier, and must be done heavier if the benefit of 
position-holding strength off the floor is to be obtained. Straps 

Power clean:      264  x  .75 = 198 lbs. 
Power snatch:     198 x .75 = 148 lbs. 
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To introduce some daily variation within the week, it is 

useful to alter the squat loads. The day 1 -back squat weight is 

increased by 5% and the day 3 load is decreased by 5%. This 

does not affect average intensity, and it produces a more 

balanced, less monotonous week. The day 1 back squat will be 

320 x 5 x 4 and the day 3 back squat will be 290 x 5 x 4. Such 

minor changes should be made as needed, along with any 

others that seem necessary to the execution of the program, as 

long as they remain within the guidelines and intent. 

There are a few details that remain to be addressed, two 
of which are assistance exercises and stretching. Assistance 
exercises are not directly related to the movement patterns of 
sport performance, but support other exercises that are. 
Examples of these would be all types of abdominal work, low-
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are normally used for these movements as well, to save the 
hands for the main lifts. Deadlifts are very hard to recover from 
if used for sets across, so only one work set will be done, at 
about 80%, since the volume is reduced. The work sets for the 
week will then be as follows: 

Day Exercise type Exercise Load 

1 Technical/fast Power snatch 148 x 2 x 4 
Upper body Press 130 x 5 x 4 
Lower body Back squat 305 x 5 x 4 

2 Technical/fast Power clean 198 x 3 x 4 

Fast Clean pull 231 x 5 x 4 

Upper body Bench press 205 x 5 x 4 

Lower body Deadlift 365 x 5 

3 Technical/Fast Power snatch 148 x 2 x 4 

Fast Snatch pull 175 x 5 x 4 

Upper body Press 130 x 5 x 4 

Lower body Back squat 305 x 5 x 4 
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back exercises such as back extensions, and chins and pull-ups. 

These types of exercise are important, as they contribute to 

trunk stability during sport performance and to the execution 

of basic barbell exercises. Strengthening these areas will also 

reduce the chance for injury. The programming of assistance 

exercises is done separately, and they are not included in the 

volume and intensity calculations for the overall workout. 

Generally, these exercises involve smaller muscle groups, and 

are done with fewer sets and higher reps than the core 

movements. When done appropriately, they are not stressful 

enough systemically that they add enough work to perturb the 

rest of the training program. 

By this point in an athlete's career there should be no 

need to do any special flexibility work prior to training. Issues 

of correct exercise performance and range of motion should be 

long resolved. But if a need for improved flexibility still exists, 

stretching should be done at the end of the workout for best 

results and the least interference with the power movements. 

Problem areas should be stretched at the end of every workout 

until flexibility improves. 
Once all these calculations have been performed for all 

the weeks in the program, the whole cycle is laid out. The final 

program with assistance exercises and warm-up sets included 

looks like the following: 

2 1 9 

Day Exercise type Exercise Warm-up sets Work sets 

1 Warm-up 

Technical/fast Power snatch 88-88-110-132 148 x 2 x 4 

Upper body Press 45-75-95-115 130 x 5 x 4 

Lower body Back squat 135-185-225-275 320 x 5 x 4 

Assistance Chin-up Bodyweight Failure x 3 

Assistance Back extension Bodyweight 20 x 3 

Abs Weighted sit-ups 

Stretch 
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The volume and intensity variation within the four-week block 

follows the intra-cycle relationship that has volume decreasing 

and intensity increasing between blocks. Weeks five through 

eight and weeks nine through twelve are detailed below. The 

final block of the twelve-week series maintains the increased 

intensity and decreased volume relationship for the first two 

weeks, and then both volume and intensity are reduced by 10 

to 20% in the final two weeks. This allows for cumulative 

recovery and supercompensation prior to the event or test. 

Week 1 2 3 4 5 6 

Repetitions 5 5 5 5 3 3 

Sets 5 5 4 5 5 5 

Percent 70 80 75 85 80 90 

Week 7 8 9 10 11 12 

Repetitions 3 3 3 1 1 1 

Sets 4 5 4 5 4 4 

Percent 85 95 90 100 85 80 
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2 Warm-up 
Technical/fast Power clean 88-132-154-176 198 x 3 x 4 

Fast Clean pull 198-220 231 x 5 x 4 

Upper body- Bench press 45-95-135-175 205 x 5 x 4 

Lower body Deadlift 135-225-275-315 365 x 5 

Abs Twist 

Stretch 

3 Warm-up 

Technical/fast Power snatch 88-88-110-132 148 x 2 x 4 

Fast Snatch pull 154 176 x 5 x 4 

Upper body Press 45-75-95-115 130 x 5 x 4 

Lower body Back squat 135-185-225-260 290 x 5 x 4 

Assistance Pull-up Bodyweight Failure x 3 

Assistance Back extension Bodyweight 20 x 3 

Abs Weighted sit-ups 

Stretch 
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If an athlete stops making progress using this model 

alter a year or so, there are a number of possible reasons. The 

offload weeks may not be sufficient for recuperation. Increase 

the magnitude of offload to 10 or 15% while maintaining the 

programmed increases: instead of 70%-80%-75%-85%, for 

example, try 70%-80%-65%-85%. Or break up longer workouts 

into two workouts separated by at least four hours. This allows 

the body additional recovery during the training day and, 

depending on other daily activities, may be what some athletes 

need to cope with an intense training program. 

If these simple fixes do not work, the athlete may be 

experiencing the consequences of increased performance ability 

and work capacity, a need for longer recovery periods 

following longer periods of more intense training closer to 

genetic potential that other programs can provide. 

This type of cycle, where the degree of variability is low 

and the main parameter that is manipulated is intensity, has 

much in common with intermediate level programming, in that 

it is very simple in terms of the variables manipulated and the 

degree of manipulation. It works well for athletes at a certain 

level of advancement in a sport like weightlifting with very 

narrow performance characteristics. More metabolically 

complicated sports require more elaborate programming. 

The Building Blocks Model 

The building blocks model provides that elaboration. It 
is common to see references to "phases" of training, defined as a 
period of time spent developing a specific component of the 
training necessary for the sport. Phases might typically be 
assigned to develop hypertrophy, strength, muscular 
endurance, power, and technique, with a competition 
scheduled at the end of these phases when all components are 

2 2 1 
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brought to bear on the contest . This par t icular order is 

designed specifically to develop these five i m p o r t a n t 

performance characteristics in the o rder in w h i c h they persist 

most effectively over the t ime (fig. 8-4), h y p e r t r o p h y being 

most persistent and least relevant to pe r fo rmance (unless the 

contest is physique) and technique being the m o s t relevant and 

most sensitive to the t e m p o r a l p r o x i m i t y of the contes t . 

T h e concept of adaptation persistence p lays an 

impor t an t role in contes t p r epa ra t i on for some spor ts . Beyond 

the well-recognized fact t ha t s t r eng th is m o r e pers is tent t h a n 

cardiovascular endurance , few t ra in ing references have observed 

wh ich pa rame te r i s m o r e pers i s ten t once developed. T h i s 

h ie rarchy can be logically der ived f rom an analysis of the 

mechanisms involved in t he adap ta t ion , as wel l as f r o m 

coaching observa t ions of athletes ove r t i m e (fig. 8-4). 

Figure 8-4. The continuum of adaptation persistence. Cardiovascular 

endurance is the least persistent, hypertrophy the most persistent. 

Significant loss of VO2 max (cardiovascular endurance) can occur in a matter 

of days, whereas the significant decay of added muscle mass (hypertrophy) 

may take many weeks or months following cessation of training. Weight 

training using any range of reps maintains muscle mass. 

T h a t t he m o s t pers is tent p a r a m e t e r shou ld be included 

first, farthest away f rom the p l a n n e d event , makes good sense 

w h e n laying ou t t he t r a in ing cycle. A n d i t i s logical tha t the 

least persistent pa r ame te r shou ld be inc luded in close p rox imi ty 

to the p lanned event w h e r e v e r possible. In this w a y a 

summat ion effect is achieved, w i t h all t ra in ing pa ramete r s 

222 

Hypertrophy Strength Muscular 

Endurance 

Power Technique Cardiovascular 

Endurance 



The Advanced Trainee 

Several groups of four-week blocks may be assembled 

into a training cycle of many months ' duration (fig. 8-5). The 

primary factor affecting the organization of such a cycle would 

be, of course, the competitive schedule. Remember, any athlete 

who needs programming requiring this degree of manipulation 

is a competitor in a sport, and the needs of the sport define the 

training programming. Another important factor is the 

athlete's personal competitive history, which allows for the 

analysis of individual strengths and weaknesses that require 

focused attention in the programming. Form and technique 

problems are addressed in each workout, but an inadequate 

strength base would be addressed over a period of months, 

which requires that multiple training blocks be devoted to it. 
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included as phases in a sequence that leads to the most effective 
performance enhancement at the correct time. An exception to 
the general concept of adaptation persistence might occur if the 
performance parameter most pertinent to the contest is not 
technique, as might be the case in a strongman competition. 

The phases may differ according to the sport the 

program is designed for. Powerlifting programs will differ 

markedly from weightlifting programs, which will be different 

from programs designed for throwers, strongman competitors, 

or Highland games athletes. For example, a sequence of phases 

may be designed without a hypertrophy component if it has 

little to do with performance or if the athlete is already 

carrying enough muscle mass. Depending on the contested 

events, a strongman program might not include a lot of work 

heavily dependent on technique, since a five-event contest does 

not allow for a tremendous amount of specialization, and might 

instead focus on strength as a common component of several of 

the events. 
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Sample Week 1 - Strength Block 
Heavy loads and low reps 

Exercise Reps Work Sets 
Day 1 

Squat 3 8 
Fat bar row 3 8 
Fat bar clean and push press 3 5 
Weighted dips 10 3 

We will use prepara t ion for a s t rongman contest as an 

example for the building blocks mode l . Un l ike the s m o o t h 

transit ions characteristic of T S F O S B p r o g r a m m i n g , the 

building blocks m e t h o d utilizes phases t ha t m a y have relatively 

little in c o m m o n , resul t ing in w h a t m a y seem like ab rup t 

transi t ions. T h e on ly r e q u i r e m e n t i s t ha t e n o u g h t ime be 

allotted in each b lock to a l low for a comple te over load event to 

occur before m o v i n g to t he nex t b lock. T h e b locks are 

organized in a w a y tha t takes advantage of adap ta t ion 

persistence so tha t each t ra in ing p a r a m e t e r receives e n o u g h 

a t ten t ion a t the m o s t useful p o i n t in t he cycle, and the 

suddenness of t rans i t ions is i r re levant . I l lus t ra ted b e l o w are 

selected weeks f rom each of t he b locks 

As the n a m e suggests, s t r eng th is essential in s t r o n g m a n 

compet i t ions . S t reng th makes size m o r e useful ( there are lots of 

big weak men) . S t rength i s t he w h o l e p u r p o s e of t he spor t , 

since all o the r aspects of i t der ive f r o m s t r eng th : heavy 

implemen t s m u s t be carr ied a long w a y and hand led t h r o u g h 

turns ; heavy odd objects m u s t be lifted; big heavy t r ucks mus t 

be pulled; heavy y o k e s m u s t be carr ied. T h e s t r eng th b locks 

p roduce , u l t imate ly , t he m o s t i m p o r t a n t t r a in ing effect of the 

who le cycle, the o n e t h a t d i rec t ly c o n t r i b u t e s t h e m o s t t o 

success at the contes t . 
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Because s o m e s t r o n g m a n events requ i re t he execut ion of 

mul t ip le r epe t i t ions , or t he use of a p r o l o n g e d muscu la r effort, 

local musc le e n d u r a n c e is nea r ly as i m p o r t a n t as s t rength and is 

ve ry d e p e n d e n t on it. T r a i n i n g for local muscu la r endurance 

involves h ighe r n u m b e r s of reps w i t h l ighter weights and 

shor te r rest in tervals . P r o l o n g e d i somet r i c ho lds and gr ipping 

and ca r ry ing exercises are an i m p o r t a n t c o m p o n e n t , since m a n y 

s t r o n g m e n events are of precisely th is na tu re . Glyco ly t i c 

me tabo l i sm d o m i n a t e s th is t y p e of act ivi ty , w h i c h typical ly 

lasts for 60 to 90 seconds of w o r k w i t h heavy weights . 

Sample Week 1 - Muscular Endurance Block 
High reps, moderate/light loads, high speed, low rest 
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Day 2 

Tire flip 5 flips 10 
Farmer's walk 100' no turn 3 
Farmer's deadlift 5 5 

Stone series (3) 1 5 

Day 3 

Squat 5 5 

Press 1 10 

Deadlift 5 5 

Day 4 

Yoke walk 50' 4 

Sled drag 100' 5 

Keg carry 100' one turn 5 

Exercise Reps Work Sets 

Day 1 

Clean and press 5 8, 1 min. rest 

Barbell row 10 5, 2 min. rest 

Squat 3 10, 1 min. rest 
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T h e final segment of t r a in ing is a p e a k i n g b lock . 

Fo l lowing the general con tes t p r e p a r a t i o n m o d e l , t he peak ing 

b lock will have the h ighes t in t ens i ty t r a in ing and t he lowest 

vo lume of all four b locks , d o n e w i t h a h igh degree of contes t 

specificity. Non-contes t -speci f ic w o r k i s l imi ted to o n e day pe r 

week, and contes t events are t r a ined in a w a y tha t a l lows for 

m a x i m u m recovery wh i l e expos ing t he a th le te to all t he events 

scheduled for the s h o w . 
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Day 2 

Tire flips 10 Hips 5 

Farmer's walk 100', 1 turn 8 

Farmer's hold For max time 2 

Day3 

Fat bar push press 10 3 

Deadlift 1 20, 30 sec. rest 

Front squat 5 5 

Dips, bodyweight To failure 2 

Day 4 

Log press 3 10, 1 min. rest 

Sled drag 100' 4, 5 min. rest 

Stone (or sandbag) carry To failure 1 

Sample Week 2 - Peaking Block 
Heavy loads and low reps 

Exercise Reps Work Sets 
Day 1 

Farmer's walk 50', 1 turn 5 
Log press To failure 3 
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The week before the contest completes the taper period 

Light non-specific work is done twice this week for the express 

purpose of preventing staleness before the event. The loads 

should be no heavier than 80% of 1RM, and for low reps, light 

enough that recovery from the previous weeks is not 

interrupted but the ranges of motion used in the contest are 

fresh and open. 

Week 5 - Peaking Block 
Light loads and low reps 
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Day 2 

Squat 5 5 

Clean 5 5 

Deadlift 3 3 

Weighted dips 5 5 

Day3 

Yoke walk 50' 4 

Stone series (5) 1 3 

Day4 

Tire flip 10 5 

Exercise Reps Work Sets 

Day 1 

Back squat 2 5 

Barbell rows 3 5 

Glute-ham raises 5 3 

Day 2 
Clean 1 5 

Press 1 5 
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The duration of the blocks used can vary but, in general, 
each block for a newly advanced trainee is four weeks in 
duration. Shorter blocks are not used since the advanced trainee 
cannot significantly improve a training parameter in less time. 
An exception might be a technique block for an experienced 
weightlifter whose form is very solid. And there is no 
technique block allocated for a strongman cycle. 

Technique is an interesting component of training. By 

this point in an athlete's career, many thousands of repetitions 

have been done. This athlete is a virtuoso of movement, having 

mastered the techniques of his sport. The motor pathways of 

good technique are firmly entrenched, and this allows short 

focused periods of neuromuscular refreshment to refine 

performance for competition. Riding a bike is analogous. The 

first few minutes back on the saddle are a little wobbly. But in 

short order all the synapses that form the cycling motor 

pathways have reconnected, and balance, steering, and pedaling 

stroke are back in excellent form after just a few minutes. Re-

educating the body on a previous y mastered technical task 

does not require long periods of focused repetition of the skill. 

It is regained with short periods of focused technical work or 

by including technical practice within other blocks of training. 

Yet for sports that are extremely dependent on very 

precise technique, it must be refined and focused right before 

the competition. Technical mastery is more critical for sports 

that involve aimed implement throws and the Olympic lifts, 

where very small errors are amplified by the distance thrown 

or the difficulty of making a correction in a movement that 

takes less than a second to perform. Technical execution at this 

level decays rapidly, but for an advanced athlete it is recovered 

just as quickly. 
For the strongman competitor, technique training is a 

problem because of both the huge number of possible events 
that may be contested (only five of which are usually included 
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in a given competition), and the specificity of the competition 

apparatus to the event site. For this reason, strongman training 

emphasizes physical readiness for competition with no specific 

block of training geared toward technical refinement beyond 

practice on the actual events. Although there are technical 

issues to deal with, they are not of the magnitude of those 

experienced in the snatch or the javelin, and can be addressed 

during the strength and muscular endurance blocks as skills are 

practiced and equipment mastered. Strongman competition is 

designed to test the general capabilities of the contestant, and is 

not something for which a great deal of specific technique 

preparation is intended or necessary. 

Because of the nature of strongman competition, some 

general exercises can be used very effectively to prepare for the 

more specific versions that might be encountered at the contest. 

Muscular endurance and glycolytic capacity for several events 

can be developed by using the farmer's walk at various 

distances and weights in the muscular endurance block. Various 

forms of sled dragging, stone lifting, tire flipping, and grip-

dependent exercises such as fat-bar deadlifts can be used to 

develop strength for many of the different events usually 

encountered at strongman contests. At the same time physical 

capacity is being trained, technical ability that can be applied to 

competition events is being practiced. In this way, every block 

of training can be used to develop "technical" ability in the 

strongman athlete. 
A key element in avoiding overtraining for every sport 

is the recovery phase, which allows the body to fully 
recuperate, both physically and psychologically, after a long 
training cycle. This period incorporates activities collectively 
referred to as active rest. During this phase, both volume and 
the intensity levels are greatly reduced, and activities with an 
athletic movement component are pursued. Fairly strenuous 
recreational activities that do not involve the athlete's primary 
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The hormonal fluctuation model is another way to 

organize advanced training. It is designed specifically to 

manipulate the anabolic/catabolic hormone axis that controls 

much of the stage 2 response to heavy training, and to do so in 

a predictable, schedulable way. It utilizes longer blocks of 

training, up to eight weeks, during which intensity, volume, 

and technique are manipulated to culminate in peak 

performance on the date of a scheduled event. 

H F M is different from the previously discussed models, 
which are derived from older versions of periodization. 
Remember Thing 2: It becomes productive for more advanced 

athletes to organize periods of training into longer segments of 

time, the primary feature of which is a progression from higher 

volume and lower intensity toward lower volume and higher 
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sports are suitable for the active rest phase, provided that the 
athlete is capable of participating in them without a high risk of 
injury. The purpose of an active rest phase is to allow for 
complete recovery and supercompensation, but in a way that 
does not cause detraining. If the athlete is responding well to 
training, the duration of this resting phase between training 
cycles should be no longer than two weeks. 

Not infrequently, an athlete can do a new PR following 

a week off. This occurs despite the fact that the meet 

performance was also a PR the previous week. If this occurs, 

the athlete has mistimed or misloaded training, taper, or both, 

since additional supercompensation took place after it was 

anticipated. This indicates that the performance PR was not 

what it could have been had programming been more precise. 

These mistakes will happen to every athlete and coach, and 

they are opportunities to learn. 

The Hormonal Fluctuation Model 
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intensity. However, he re is T h i n g 3: Thing 2 does not always 

apply . 

The h o r m o n e fluctuation model relies on a response to 

stress brought o n b y an increase in both volume and intensity 

This runs contrary to the conventional wisdom governing 

advanced programs, but the fact is that both models work. 

HFM w o r k s as well as "Thing 2 " models and in some cases may 

w o r k much better, in that the homeostatic disruption it is 

capable of producing is much greater. 

It is normal for coaches to divide training cycles into 

multiple shorter blocks containing variations in intensity and 

volume - periods of high-intensity or high-volume training 

followed by periods of lower-intensity or lower-volume 

training. The periods of lower workload are intended for 

regeneration and recuperation in order to prepare for the next 

period of increased workload, oi for a competition. Several 

researchers have demonstrated that the testosterone-to-cortisol 

ratio decreases—that is, the level of testosterone drops relative 

to the Cortisol level—during v e ry high workloads and then 

increases during subsequent reduced workloads. In elite rowers, 

a few weeks of very intense rowing training caused the T / C 

ratio to drop significantly. After two weeks of dramatically 

reduced training load, T / C ratios recovered to normal levels or 

higher, while performance levels increased. A study of elite 

weightlifters demonstrated similar findings during a six-week 

training period immediately before a major competition. This 

study was designed to test the T / C ratio response to a high 

workload. T / C ratios dropped during weeks one and two, the 

period of most intense training. Recovery or 

supercompensation of T / C ratios occurred over the next four 

weeks, which consisted of two weeks of "normal" training— 

about 80% of maximal work tolerance—followed by two weeks 

of significantly reduced training. Again, performance improved 

and correlated well with testosterone-to-cortisol ratios. These 
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studies demonstrate that, when an advanced athlete works very 
hard at maximal or near maximal levels fo r about two weeks, 
and then dramatically offloads for two to four weeks, the T / C 
ratio depresses with the highly elevated workload and then 
recovers to baseline or beyond upon offloading, and a 
performance increase correlates with this recovery. Peak 
performance should coincide with peak T / C ratio, and this 
performance peak probably occurs as a result of the recovery of 
t h e ratios to baseline or beyond. 

Laboratory measures of the testosterone/cortisol ratio 

have been used to guide the training of advanced and elite 

athletes in the sport of weightlifting. Results from thesis 

research by Glenn Pendlay and Michael Har tman (2000, 2002) 

h a v e demonstrated that adjusting training load to optimize T / C 

ratios leads to improved training and performance results. The 

intense work done in maximal effort weeks depresses 

testosterone levels and elevates Cor t i so l . The r a t i o of the two 

should be depressed between 10% and 30% if the training is to 

be an effective adaptive stimulus. Depression of less than 10% 

does not produce a homeostatic disruption large enough to 

drive adaptation, and more than 30% is excessive for timely 

recovery and may well mark the beginning of the descent into 

overtraining. Maximal loading of greater than two weeks' 

duration generally produces excessive T / C ratio depression and 

is counterproductive. The end result of this laboratory 

experimentation is a series of training models that have 

consistently produced strength improvements in a group for 

whom gains are hard to produce: advanced and elite trainees. 

This training organization deviates from the concept that 
intensity should increase as volume decreases. Here, as intensity 
increases or decreases, so does volume. It is the parallel 
manipulation of both volume and intensity that produces the 
overload event, providing both the stress and the opportunity 
for recovery. The model consists of a period of escalating 
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At this point in the athlete's career, the selection of 
exercises has narrowed to those that are specific to competitive 
goals, and to those exercises that specifically address what should 
be the well-defined weaknesses of the athlete. 

The example we'll use for this model is that of a young 
advanced male weightlifter following a 6-week version of the 
model. 

235 

workload over two weeks, a period of maximal workload for 

either one or two weeks, then a tapering of workload for two 

to four weeks. There are three basic variations, with cycles of 

different durations: 1) five weeks, 2) six weeks, and 3) eight 

weeks. Each of these cycles is intended to be used for different 

purposes or populations. The five-week cycle is appropriate for 

athletes just entering the advanced stage, or for connecting a 

series of longer H F M cycles. The six-week cycle can be used for 

populations with a high anabolic capacity (trained teens and 

young adults) to lead into a competition or as a connected series 

The eight-week cycle is appropriate for very advanced or elite 

trainees as a lead-up to a competition or testing period. 

Five-Week Model 

Six-Week Model 

Eight-Week Model 

Week 1 2 3 4 5 

Load L i g h t M e d i u m M a x i m a l M e d i u m L i g h t 

Week 1 2 3 * 4 5 6 

Load Ligh t M e d i u m M a x i m a l M a x i m a l M e d i u m Light 

Week 1 2 3 4 

Load Ligh t M e d i u m M a x i m a l M a x i m a l 

Week 5 6 7 8 

Load M e d i u m M e d i u m Ligh t L igh t 
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You can use the repetition continuum illustrated in figure 
4-4 (p. 86) to select the appropriate repetition range needed to attain 
your program's specific goal. But as mentioned above, certain 
exercises preclude specific repetition schemes—skilled, explosive 
exercises like the clean and jerk are not done for high reps; 
assistance exercises are not done for singles. Since strength is as 
important as appropriate technique for our hypothetical young 
weightlifter, the example here uses doubles and singles, with a 
heavy emphasis on the competitive lifts and their variants. 

Since reps are low—singles and doubles—the volume is 

defined by the number of sets. Weeks one and two are low and 

moderate volume, intended to be build-up that prepares the 

trainee to tolerate the tremendous workloads to be encountered 

in the following two weeks. These weeks are also used as 

technical refinement periods. During weeks three and four, the 

intent is to stress the trainee maximally to disrupt homeostasis 

and drive adaptation. An average of 8 sets per exercise is used, 

although 10 to 12 sets could be used depending on the trainee's 

capacity. Finally, the last two weeks taper to an average of 4 sets. 

This limited volume of training allows recovery and 

supercompensation to occur by the end of week six, the 

scheduled meet or test period. 

As volume increases, so does intensity. As with volume 

above, weeks one and two are light and moderate in intensity, 

and weeks three and four are very intense, with the trainee 

reaching a daily 1RM or 2RM for every exercise. Basically, the 

athlete is going as heavy as possible every session, and is 

encouraged to do so. This is a most critical time in the cycle, the 

application of a homeostatically disruptive stress that will 

significantly depress T / C ratio. Research has demonstrated that 

trainees will average about 94% of their 1RM during these two 

weeks. Hitting an absolute all-time best 1RM is not expected, 

just the best effort possible on that day—a "relative maximum" 

in the old Soviet parlance. As fatigue accumulates and bar speed 
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drops due to decreasing neuromuscu la r efficiency, technical 

movement s like the snatch will suffer m o r e than absolute 

strength m o v e m e n t s like the squat. Weeks five and six are taper 

weeks, w i th severe reduct ions in in tensi ty as well as vo lume , 

in tended to br ing abou t h o r m o n a l recovery and 

supercompensa t ion (and i m p r o v e d performance) on compet i t ion 

day. Load var ia t ion is especially i m p o r t a n t in weeks five and six. 

These weeks require l o w e r average intensities, bu t very l imited 

heavy w o r k is necessary in o r d e r to ensure tha t the athlete stays 

sharp for the p lanned c o m p e t i t i o n or testing. So the last day of 

week five includes a ve ry l imi ted a m o u n t of 9 0 % w o r k , as does 

the first day of w e e k six. 

Th i s t ype of p r o g r a m is ve ry stressful. Late in week three , 

dur ing week four, and well i n t o w e e k five, the athlete will 

exhibit m o o d changes, unusua l soreness, lack of "good sleep," 

and will exhibi t n u m e r o u s o the r s y m p t o m s t h a t are often 

associated w i t h over t ra in ing . A cer tain a m o u n t of viciousness 

and irr i tabil i ty shou ld be expected. Whi l e t he athlete 's 

psychological well-being is i m p o r t a n t , i t is n o t the p r i m a r y 

concern a t this p o i n t in t he cycle. F o r the compet i t ive athlete, 

the per formance goal m u s t be the p r i m a r y focus, no t the 

en joyment of a w a r m and fuzzy t ra in ing experience. At this 

point , tes tos terone levels shou ld be depressed and Cortisol levels 

elevated, and the t rainee i s n o w ready to recover a n d 

supercompensate . Th i s recovery of h o r m o n e ratios to no rmal 

levels—the increase in tes tos terone levels relative to Cortisol— 

enables supercompensa t ion , and the goal of the cycle is to set up 

precisely this s i tuat ion so tha t recovery can and will proceed. 

D u r i n g week five, even t h o u g h the work load is greatly 

reduced, the athlete will still be sore, m o o d y , and "flat" (i.e., 

exercises will still seem tough, heavy, and slow). As week six 

approaches, things get m u c h better . T h e athlete's perception 

may even be "I 'm no t doing any w o r k " relative to the high 

work load of the previous weeks. Accompanying this feeling is 
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usually the desire to do more sets and reps wi th more weight 

than programmed. Yielding to this t empta t ion will flatten the 

recovery curve and b lunt the now-cl imbing supercompensat ion 

response, and it will radically decrease the effects of the cycle as 

it comes to an end in week six. T h e r e will be a s t rong tempta t ion 

in week six for the trainee to test the wa te r a few days before 

compet i t ion. Patience here will r eward the ha rd w o r k of weeks 

three and four; a lack of patience will waste it. 

Wi th in this t ra ining organizat ion there is t r emendous 

capacity for variability. A n y goal can be achieved—mass, power , 

or s trength. R e p schemes, exercise choice and var ia t ion, 

intensities, and even exercise modal i t ies can be var ied to provide 

the appropria te level of stress to reach an athlete 's goals. As long 

as the w o r k l o a d follows the same general pa t t e rn (build-up 

followed by max imal w o r k fol lowed by taper) and allows 

sufficient t ime for b o t h over load and 

recovery / supercompensa t ion , any exercise moda l i t y could be 

p r o g r a m m e d using this mode l . E v e r y coach and athlete should 

experiment . 

Six-Week Model 
Week 1 2 3 4 5 6 

Repetitions 2 2 2 / 1 2 / 1 1 1 

Sets 3 4 8 8 4 4 

Percent 1RM 75 85 90 + 90 + 85 80 
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Week 1 

Week 2 

Week3 

Week 4 

Day 1 Day 2 Day 3 

Power snatch Hang power snatch Snatch 

Power clean Hang power clean Power clean 

Push jerk Deadlift Jerk 

Back squat Front squat 

Day 1 Day 2 Day 3 Day 4 

Snatch Power snatch Snatch Snatch 

Power clean Clean Clean & jerk Push press 

Jerk Press Front squat Deadlift 

Back squat Front squat 

Day 1 
Session 1 

Day 2 Day 3 Day 4 
Session 1 

Day 5 

Snatch Snatch pull Snatch Snatch Snatch 

Clean & jerk Clean & jerk Press Clean & jerk Jerk 

Day 1 
Session 2 

Back squat Front squat Day 4 
Session 2 

Back squat 

Back squat Back squat 

Snatch pull 

Clean pull 

Day 1 
Session 1 

Day 2 Day3 Day 4 
Session 1 

Day 5 

Snatch Snatch pull Snatch Snatch Snatch 

Clean & jerk Clean & jerk Press Clean & jerk Jerk 

Day 1 
Session 2 

Back squat Front squat Day 4 
Session 2 

Back squat 

Back squat Back squat 

Snatch pull Snatch pull 

Clean pull Clean pull 
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Week 5 

Week 6 

Day 1 Day 2 Day 3 Day 4 

Snatch Snatch Sna tch Snatch 

Clean & jerk J e r k P o w e r clean C lean & jerk 

Back squat F r o n t squa t Press Deadl i f t 

Back squa t 

Day 1 Day 2 

Snatch Sna tch 

Clean & jerk C lean & je rk 

Back squat F r o n t squa t 

Peaking. Regardless of the type of cycle used to prepare 

for competition, the final two to four weeks prior to the event 

must include a reduction in both volume and intensity. 

Intensity is reduced by decreasing the percent of maximum load 

used in training. A limited number of near maximal attempts 

are retained in the program during this period but are carefully 

distributed and separated by one or two workouts (only one to 

three heavy lifts once or twice per week in taper weeks). These 

heavier attempts maintain neuromuscular readiness and prevent 

detraining. Volume is reduced by limiting the number of reps 

performed, using singles and doubles only, and by decreasing 

both the number of sets and number of exercises included in a 

workout. The intent of these last weeks of training is to allow 

the body to recuperate so that it can respond with maximum 

effort and efficiency when challenged to do so. While there is 

no conclusive data regarding the timing of the last workout 

prior to competition, and different sports have differing 

conventional wisdom on such things, a good rule of thumb is 

two days between the last workout and competition, with the 
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last heavy w o r k o u t occur r ing five to seven days previous . 

Individual differences p lay a huge par t in this decision, and 

personal exper ience will u l t ima te ly be t he deciding factor for 

the advanced athlete . 

I t is l ikely tha t t he m o s t advanced athletes in the w o r l d 

will no t requi re p r o g r a m m i n g b e y o n d the complex i ty 

presented here . I f t h e y d o , t he i r exper iences in having reached 

tha t p o i n t wil l have e q u i p p e d t h e m for this adven ture . 

Athle t ics at t he elite level is a h igh ly indiv idual th ing , and all 

w h o have t he abi l i ty to p e r f o r m a t th is level have also acquired 

the abil i ty t o exercise j u d g m e n t c o m m e n s u r a t e w i t h t he 

physical capacities t h e y possess. E x p e r i m e n t , learn, and, above 

all, teach those o f u s w h o w a n t t o k n o w . 
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"Often the less there is to justify a traditional 

custom the harder it is to get nd of it. 

—Mark Twain 
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9 - Special Populations 
Does this stuff work for everyone? 

We have argued that highly individualized training is 

necessary to reach close to full genetic potential, and that the 

closer the trainee gets to his or her genetic potential, the more 

important this specificity becomes. But this raises a question: 

Do the training models presented here, when applied at the 

appropriate level—novice, intermediate, and advanced—work 

for all populations? Do they work for women, children, older 

people, and injured people? And the answer is: Yes, they pretty 

much do. 

Women 

It is very important to understand the following true 

thing: women are not a special population. They are half (more, 

actually) of the population. With very, very few exceptions, 

they are trained in exactly the same way as men of the same age 

and level. By virtue of a different hormonal profile, the 

magnitude of change in strength and mass will differ, but the 

biological processes that bring about those changes are 

otherwise the same as those in men. Since the processes are the 

same, the methods used to affect progress are also the same. 

And the response to the method depends on the effectiveness of 

the method, not the sex of the individual using it. Many excuses 

have been made over the centuries that exercise has been 

practiced, sometimes by women, but usually for them. The 

bottom line is that everyone, regardless of sex, gets out of a 

correctly designed training program exactly what they put into 

it. Ineffective "firming and toning" routines have no basis in 

physiology, and the results obtained from them demonstrate 

this rather conclusively. 
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That said, there are several important differences 

between the performances of men and women, both in the 

weight room and on the field. As a general rule, women do not 

have the same level of neuromuscular efficiency as men. This is 

probably due to the differences in hormonal profile and the 

much lower levels of testosterone, and it is evident across the 

spectrum of performance. Women can use a higher percentage 

of their 1RM for more reps than men can, probably because 

their 1RM performance is not as efficient in demonstrating true 

absolute strength. Their performances at max vertical jumps, 

throws, snatches, cleans, jerks, and other explosive movements 

that involve high levels of motor unit recruitment are 

performed at lower levels than those by men of the same size 

and level. And, while levels of absolute strength relative to 

muscle mass are essentially the same in the two sexes, women's 

upper body movements suffer from the large relative difference 

in local muscle mass distribution. 

As a practical matter, if daily, weekly, or monthly 

programming models are used to increase strength or power, 

some modifications are required for women since the intensities 

used are based on the individual 1RM, and women can work 

with a higher percentage of this 1RM for reps. For example, 

table 7-2 (p. 195) indicates that 70% for 10 reps would constitute a 

heavy set with a high adaptive stimulus, when, for women, this 

is only a medium set with a moderate adaptive stimulus. Table 

9-1 adapts the data in table 7-2 for female populations. By the 

same token, if increased mass is the goal, a relatively larger 

amount of high-volume work over a longer time at a slightly 

higher intensity would be needed. 

But if the hormonal fluctuation model (see chapter 8) is 

used, no modifications are absolutely r e q u i r e d . Even t h o u g h 

female testosterone levels are lower, a depression of the ratio of 

testosterone to Cor t i so l is the important factor, and the 
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hormonal fluctuation model has been effective in 

accomplishing this in both sexes. The menstrual cycle, 

however, may introduce another scheduling factor: there is a 

testosterone peak at 12 days before ovulation that may affect 

the way H F M works for women. Scheduling maximal 

workloads to nearly coincide with this peak could possibly 

accelerate recovery and supercompensation. However, no data 

has yet to demonstrate that such timing would significantly 

improve performance. The variability of discomfort and 

associated effects of menses requires close cooperation between 

trainee and coach. For simplicity and comfort, for some 

women it may be appropriate to program an offload week 

during menses. 

One other consideration: the average American female 

is both iron and calcium deficient. Both of these deficiencies 

may affect health and performance. Low iron stores can affect 

metabolism and oxygen transport, leading to a perception of 

chronic low energy or fatigue. Altering the diet to include 

more iron-rich foods, cooking with cast iron cookware, and 

considering iron supplementation is a good idea. Low calcium 

intakes predispose every age group to lower bone density and 

degeneration (osteopenia). Virtually every study examining 

weight training with osteoporotic women shows dramatic 

improvement in bone density. Calcium supplementation 

improves upon that effect. 

So, there are differences in the physical characteristics of 
the two sexes, but they still are trained the same way. The 
mechanisms of progress and development, while constrained at 
different levels by the hormonal milieu, operate the same way. 
Mammalian physiology is much older than the human species; 
with very few exceptions, the rules are the same for all of us. 
Tissues adapt to stress by getting stronger, and the response to 
the stress is a function of the stress, not the sex of the organism 
to which the tissue belongs. 
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Table 9-1. The women ' s version of Table 7-2, illustrating the difficulty of a 

rep scheme as it varies wi th vo lume and intensity. The numbers in the table 

in the right three columns represent reps. 
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Figure 9-1. Women are more likely to believe that weight training is 

unimportant to health and sports performance than men. There is 

also a social and media-driven misconception that all weight training 

produces big, masculine, muscle-bound physiques. This generally 

does not occur in women without anabolic steroids. The strongest 

women in the United States perform at their best and look healthy 

and athletic through the use of correctly designed weight training 

programs. 

247 



Practical Programming 

Youth 

Although the most recent revision of the ACSM's 

standards of care guide and resource manual now considers 

youth weight training to be safe and healthy, there remains in 

the medical community a strong bias against using physically 

taxing methods of strength training on teenage and younger 

populations. One professional association of pediatricians 

recommends that only moderate weights with moderate 

repetitions be used. They strongly discourage high-volume 

work (enough sets and reps to increase muscle mass) and high-

intensity work, the kind necessary to develop strength and 

power. They provide a variety of reasons for training youth 

using only machines with predetermined movement pathways, 

thus limiting the development of balance and coordination. 

This group of pediatricians actually recommends that all high-

intensity and high-volume training be postponed until full 

sexual maturity. This would effectively remove the vast 

majority of high school athletes from weight rooms and 

compromise an athlete's safety and performance during full-

contact sporting events (which interestingly enough are not 

discouraged). 

When the scientific and medical literature is evaluated 

objectively, a different picture emerges. Training loads (relative 

to 1RM), frequencies, and durations similar to those commonly 

used in the training of competitive weightlifters are effective in 

increasing strength in children, and a significant body of 

scientific evidence and practical experience supports this fact. 

Strength increases in youth are closely related to the intensity 

of training; higher-intensity programs can and do increase 

strength in preadolescents in six weeks or less. 
The safety of this type of training for kids is well 

documented. Programs supervised by qualified coaches, and in 
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which training loads are prescribed and monitored by-

professionals, have proven to be safer than typical physical 

education classes. Several studies since the 1970s have reported 

extremely low to zero rates of injury during training programs 

of from several weeks to a year in duration and have suggested 

that weight training prevents injury rather than causes it. Even 

the handling of maximal weights by children has been 

scrutinized for safety. Dr. Avery Faigenbaum showed that 

properly supervised maximal lifting in 6- to 12-year-olds 

resulted in no injuries, providing further evidence that even 

high-intensity training, properly supervised, can be a safe and 

healthy undertaking for children. 

Properly conducted weight training programs are safe 

for children because they are scalable: the loads used can be 

precisely adjusted to the ability of the child to use them with 

correct technique. Correct technical execution prevents injury, 

since by definition "correct" means controlled, even for 

explosive movements. The load on a 5-kg bar can be increased 

one kilogram at a time, allowing very fine control over the 

stress that a child experiences in the weight room. Contrast this 

with team sports that involve ballistic skills, a speeding ball, 

and other kids moving rapidly under varying degrees of 

control. Uncontrolled impact and rapid deceleration are 

inherent in such sports and the forces they apply to a child's 

body are unpredictable, completely unscalable, and therefore 

unsafe, as injury rates conclusively demonstrate. If you add 

pads to this scenario, which blunt the perception of the effects 

of impact between the players, you are bound to get the 

leverage-type injuries that occur when kids run into each other 

knowing it won' t hurt very badly. 

If a young athlete has a well established history of 
weight training and has access to a coach, simple progression, 
weekly programming, and even advanced periodization can be 
extremely effective training models. The Hormonal 
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Fluctuation Model would be most appropriate and effective for 
advanced, older youth athletes who have previously progressed 
through weekly or monthly periodization. 

Recommendations. Based on the available medical and scientific 

data, we strongly recommend the following guidelines for 

youth weight training: 

1. Weightlifting programs for youth should be conducted 

by well-trained adults. Ideally, the supervising staff 

should be certified to coach by USA Weightlifting or 

the National Strength and Conditioning Association, or 

both. These organizations have easily accessible and 

effective coaching education programs. All weight 

training coaches and personal trainers should take a 

university course on how to teach weight training 

exercises, and more colleges and universities should offer 

such courses. 

2. To effectively and safely coach youth in weight training, 

a coach:trainee ratio of 1:12 or less is recommended. It 

must be understood that every weight room serving 

youth is a teaching environment, not just a fitness 

facility where kids exercise. Any facility—private, 

commercial, or educational—that allows children and 

adolescents to train without instruction and active 

supervision is inviting disaster. 

3. Weight training should take place in facilities equipped 

to support safe training practices (housekeeping, 

behavior policies, equipment, emergency plans, etc.). 

4. Properly supervised skill-based weightlifting programs 

are appropriate for children and can commence as early 

as 6 years of age. 
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2 5 1 

5. Total exercise training time from all sources should not 
exceed 15 hours per week. Coaches must be aware of 
this and consider the cumulative effect of all of the 
child's physical activities. 

6. The use of maximal training loads has been proposed to 

place the young athlete at risk of injury. No data 

currently exists that substantiates this claim. The use of 

maximal and near-maximal loads is encouraged, under 

the proper supervision. These loads should be used 

cautiously and applied only as part of a regimented 

training program plan for technically proficient trainees. 

Each attempt must be supervised and safety measures 

must be in place. 

7. Training should be a fun enterprise. When training is no 

longer fun, kids will no longer train. 
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Figure 9-2. Much data shows that weight training does no t diminish growth 

in children. Carla (5' 7 1/2") and her 13-year-old daughter Samantha Nichols 

(top), national junior weightlifting champion since age 9, provide 

compelling evidence that the stature of genetically similar individuals is not 

affected adversely by weightlifting in their you th . Sammi (bottom) is shown 

here at 5' 5 1/2" and at 5' 8" in pictures taken about one year apart. Weight 

training may someday "stunt" her growth, but it needs to hur ry up. 
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Masters 

Masters athletes, usually defined as individuals 35 years 

of age and over, are a growing population. As the U.S. 

population ages, masters competitions are increasing in 

popularity across the spectrum of sports. Depending on the 

sport, it is not uncommon to see younger masters-age-group 

athletes (35 to 45 years of age) do quite well in national and 

international events competing against much younger athletes. 

Powerlifting has a long tradition of masters athletes winning in 

open competition. Absolutely nothing prevents a middle-aged 

trainee from getting stronger, bigger, and more powerful but 

their own attitudes about training and age. 

As humans advance beyond middle-age, some significant 

changes generally occur. Sarcopenia (loss of muscle cells), 

increased body fat, performance loss, and reduced flexibility are 

common effects of aging. This is "largely because the average 

adult has a greatly reduced activity level and becomes 

increasingly sedentary, which leads to a loss in muscle mass 

(atrophy); in the totally inactive older adult, this loss is 

compounded by sarcopenia. The loss of functional muscle 

causes a loss of performance. It has been demonstrated that 

about 15% of performance capacity can be lost per decade with 

inactivity. The logical extension of this accumulating loss in 

performance is ultimately the loss of functional mobility. 

The loss of muscle also means the loss of metabolic 
machinery; muscles account for most of the calories a healthy 
person burns daily, and smaller muscles burn fewer calories. 
Most people don't reduce the amount of food they consume as 
activity diminishes, and the result is an average increase in body 
fat of 2.5 to 3% per decade. 

The loss of muscle mass has another insidious effect that 
becomes more perceptible at an advanced age: a loss of 
proprioception and balance. The ability to process information 
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the body receives about its position in space is important for 
performance for an athlete, and in an older adult it is crucial for 
safety. It is developed and maintained with exercise that 
requires balance and coordination, and barbell training fits this 
description perfectly. 

In fact, barbell training is the best prescription for the 

prevention of all of these age-related problems. Staying in (or 

getting into) the gym slows the decay in muscle mass and 

pushes the onset of atrophy back for decades. Even in the 60- to 

90-year-old range, training reduces the muscle mass loss to less 

than 5% per decade. Several studies have shown that 80-year-

olds who were inactive but began training with weights 

actually gained muscle mass and improved their strength, 

proprioception, and balance. This effect was directly related to 

the amount of leg work included in the program and the 

resulting improvements in leg strength. Leg strength was also 

responsible for improving the ability to wa lk faster in older 

people. Twelve weeks of strength training increased walking 

endurance by 38%, something walking by itself fails to do. 

Squats really can be good for geriatrics. 

Less obvious to those unfamiliar with weight training is 

the fact that lifting weights alone will improve flexibility. 

Moving through a complete range of motion serves as a 

wonderful dynamic stretch, while at the same time serving as a 

strength stimulus. This is most useful for older trainees with 

marked loss of range of motion. Osteoarthritis is a clinical 

condition caused by degenerative changes in joints and a loss of 

joint function. Patients with arthritis typically reduce their 

activity level to eliminate discomfort, which actually 

exacerbates the condition. Several studies have shown that 

increasing the strength of the musculature around an affected 
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Figure 9-3. Older adults are not necessarily weak adults. Regular 

training can lead to a lifetime of strength. This 402-pound deadlift by 

72-year-old Darrell Gallenberger is the result of perseverance and 

good training habits. 

joint decreases pain and improves function significantly. A 

number of these studies used squats to reduce knee pain. 
A significant consideration for the masters athlete is the 

reduction in recovery capacity over the years. For serious 
masters competitors, periodization of training is particularly 
important, and periods of offloading should be longer and more 
pronounced than for younger athletes. When using monthly 
programming models, the week of recovery should have a 
larger percentage of intensity reduction than for younger age 
groups—as much as 10 to 15% rather than the 5% frequently 
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used in TSFOSB models. If using the Hormonal Fluctuation 
Model, the 8-week cycle should be used with the older athlete 
and a smaller volume of training should be used during the two 
weeks of maximal work. A volume reduction of 5% per decade 
past 30 years of age is recommended. 

When novice masters trainees are started on a program, 

the process is the same for that of a younger novice; all the 

same rules apply, within the framework of reduced recovery 

ability and the initial physical condition of the trainee. The 

principles of stress and adaptation still apply, and will as long as 

basic health remains intact. 

The bottom line is that unless a person has significant 

pathology (is terribly sick) or is post-geriatric (no longer living), 

that person can benefit from a weight training program similar 

to those used with younger populations at the same level of 

training advancement. 

Post-Rehabilitation Trainees 

All athletes who train hard enough to compete will get 

injured. This is the sorry truth of the matter, and anyone 

dissuaded from competition by this fact would not have made a 

good competitor anyway. Progress involves hard training, and 

hard training eventually involves pushing past previous barriers 

to new levels of performance. In the sense that this can cause 

injury, successful competitive athletics is dangerous. It is a 

danger that can and must be managed, but it is important to 

recognize the fact that athletes get hurt. If they want to 

continue to be athletes afterwards, it is equally important to 

understand how to manage and rehabilitate injuries successfully 

so that they don't end a career. 

Severely damaged tissue cannot be repaired through 
rehabilitation. Rather, the surrounding healthy tissue is 
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strengthened in order to take over the load once carried by the 

now non-functional tissue. If someone has a survivable heart 

attack, such as a myocardial infarction, part of the heart muscle 

dies (fig. 9-4). The dead tissue no longer contributes to the 

contraction of the heart, but the heart continues to beat and 

deliver blood. Immediately after the infarction, the efficiency 

with which the heart delivers blood is low, but without missing 

a beat the remaining healthy, functional heart muscle begins to 

adapt because it continues to be loaded. In order to adapt to the 

missing force generation capacity of the damaged tissue, the 

remaining muscle contracts more forcefully and rapidly 

increases in mass. The end result is the recovery of the entire 

heart's ability to generate contractile force even having lost 

some of its original muscle irrecoverably. The change in 

contractile geometry of the ventricle will not actually allow the 

return to 100% of normal function; instead of the geometry of 

a normal heart, the post-infarction heart is shaped like a 

Chinese teacup on its side, with the necrotic tissue forming a 

lid. This altered geometry, even with thicker walls after 

hypertrophy, is inherently less efficient than the original 

ventricle, but it functions well enough that normal activities 

can eventually be resumed. 

Severe muscle damage in other parts of the body 
constitutes a similar but less dire situation. If a muscle is 
severely damaged to the point of necrosis, not only will the 
remaining tissue adapt to the loss of function of the damaged 
tissue by increasing its functional capacity, but the surrounding 
muscles that normally aid the damaged muscle in its 
biomechanical role will assume part of the workload. This is 
classically illustrated in the scientific and medical literature in 
"ablation" experiments, where the gastrocnemius muscle (major 
calf muscle) is removed and the underlying soleus and plantans 
muscles rapidly adapt and assume the load once carried by the 
gastrocnemius (fig. 9-5). It is well documented that these newly 



Practical Programming 

stressed muscles change dramatically, both chemically and 
structurally, after ablation in order to return the mechanical 
system to "normal" function. The recovered structures are not 
as good as the original equipment, but they function at a high 
percentage of the original capacity. 

Figure 9-4. If a coronary artery is blocked through atherosclerosis 

or, as in the case above, experimentally blocked by tying off the left 

main coronary artery in the rat (A), the muscle tissue that loses its 

circulatory supply (Bl) will be irreversibly damaged. The tissue 

immediately surrounding the injured tissue (B2) and any other 

undamaged tissue will immediately become overloaded and assume 

the pressure generation load once uniformly distributed over the 

entire ventricular mass (Selye's stage 1). Although the heart's 

function is reduced and an enforced period of recovery is needed, the 

surviving healthy tissues continue to carry an overload during 

convalescence that results in an increase in the strength and mass of 

the surviving muscle (Selye's stage 2). 
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Figure 9-5. In ablation experiments, a muscle is surgically removed 

(A, B, and C). In most hyper t rophy experiments, the ablated muscle 

of choice is the gastrocnemius (C, both heads), leaving the underlying 

plantaris and soleus to carry the walking load once carried by the 

gastrocnemius. In this case, the surgical removal of the gastrocnemius 

places the rat, and specifically the rat's leg, in Selye's stage 1. Rats 

undergoing this procedure begin walking on the operated leg within 

24 hours, and within one to two weeks their activity level and gait 

are the same as those of normal rats. The overloaded soleus and 

plantaris have adapted (Selye's stage 2). It is normal to see about a 

75% increase in soleus and plantaris mass with this type of overload. 

In both the previous scenarios, recovery of function 
occurred after only a short period of reduced loading, 
essentially the duration of time needed for the resolution of 
inflammation and any other blatant pathology. A rapid return 
to full functional load is required to induce adaptation and 
recovery. Even in the infarcted heart, a return to normal load 
represents a functional overload of the remaining tissue: the 
same amount of force must initially be generated by a smaller 
muscle mass, so it is a higher relative load. The adaptation that 
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facilitates the return to normal function is a response to the 
stress to the system produced by the injured area's decrease in 
function. The injury that necessitates the compensation is the 
source of the stress to the surrounding tissues, and they respond 
by adapting to the new demands placed on them. Without the 

injury, the adaptation would not occur, just as no adaptation ever 

occurs in the absence of stress. While caution is necessary to avoid 
further injury, the belief that rehabilitation can occur in the 
absence of overload represents a failure to comprehend the 
basic tenets of the physiology and mechanics of the living 
human body. 

Most injuries experienced in the weight room, on the 

field, and in daily life do not rise to the severity of necrosis of 

any tissue. They are inconvenient, painful, aggravating, and 

potentially expensive to deal with, but they do not alter the 

quality of life for a significant period of time. But the same 

principles apply to healing them that apply to more severe 

injuries, because the mechanisms" that cause them to heal are the 

same. The concept of "letting" an injury heal beyond an initial 

few days reflects a lack of understanding of the actual processes 

that cause the return to function. A less severe injury that does 

not involve tissue necrosis nonetheless involves an overload of 

the immediate ability of the compromised tissue, thus 

stimulating the processes that cause repair. In this particular 

instance, care must be taken to ensure that the structure that is 

healing receives its normal proportion of the load, because the 

object is to return this particular structure to full function, not 

to allow the adjacent structures to assume the load and thus 

preventing the injury from healing fully. This is accomplished 

by the enforcement of very strict technique during exercise of 

the injured area. It hurts more this way, but the long-term 

return to full function depends on the correct amount of stress 

to the injured area. 
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During supervised rehabilitation, the workloads used 

should be light enough to allow recovery of function locally, 

within the injured tissue, but this load will not be stressful 

enough systemically to maintain advanced fitness levels. When 

the athlete is released to unrestricted activity, enough 

detraining has occurred that a change in programming will be 

required. Six to eight weeks in rehabilitation can result in the 

loss of enough overall performance to warrant return to a 

program of simple progression, even for an elite athlete. Once 

pre-injury or pre-disease performance levels have been regained, 

a return to normal training at that level can follow. As 

discussed earlier, strength is a resilient quality, and strength lost 

through detraining can be recovered much more rapidly than it 

was initially gained. 
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"It has become almost a cliche to remark that nobody 

boasts of ignorance of literature, but it is socially 

acceptable to boast ignorance of science." 

-Richard Dawkins 
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Practical Programming 

"Man is so made that he can only find relaxation from 

one kind of labor by taking up another." 

-Anatole France 
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Basic Strength Standards 

The standards presented in the following tables 

represent a 1 R M performance that can be reasonably expected of 

an athlete at various levels of training advancement using standard 

full range-of-motion barbell exercises. These standards are 

designed for use by open age-group athletes, and do not apply 

to masters or juniors. In the tables above, the term "untrained" 

refers to the expected level of strength in a healthy individual 

who has not trained on the exercise before but can perform it 

correctly. This represents the minimum level of strength 

required to maintain a reasonable quality of life in a sedentary 

individual. "Novice" means a person training regularly for a 

period of 3-9 months. This strength level supports the demands 

of vigorous recreational activities. An "intermediate" is a 

person who has engaged in regular training for up to two years. 

The intermediate level indicates some degree of specialization 

in the exercises and a high level of performance at the 

recreational level. T h e term "advanced" refers to an individual 

with multi-year training experience with definite goals in the 

higher levels of competitive athletics. The term "elite" refers 

specifically to athletes competing in strength sports. Less than 

1% of the weight training population will attain this level. 

Tables for the basic barbell exercises were developed from (1) 

definitions presented in this text, (2) the experience and 

judgment of the authors, (3) the exercise techniques described 

and illustrated in "Starting Strength" by Rippetoe and Kilgore, 

and (4) published performance standards for the sports of 

powerlifting and weightlifting. 
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Press 
Adult Men 

Body 
Weight 1 Un-trained Novice Intermediate Advanced Elite 

114 53 72 90 107 129 

123 57 78 98 116 141 

132 61 84 105 125 151 

148 69 94 119 140 169 

165 75 102 129 153 186 

181 81 110 138 164 218 

198 85 116 146 173 234 

220 89 122 155 183 255 

242 93 127 159 189 264 

275 96 131 164 194 272 

319 98 133 167 199 278 

320+ 100 136 171 203 284 

Adult Women 

2 6 6 

Body 

Weight Un-trained N o v i c e Intermediate Advanced Elite 

97 31 42 50 66 85 

105 33 46 53 ' 71 91 

114 36 49 58 76 97 

123 38 52 61 81 104 

132 40 55 65 85 110 

148 44 60 72 94 121 

165 48 65 77 102 134 

181 51 70 83 110 140 

198 55 75 83 117 151 

199 + 58 79 93 123 159 



Bench Press 
Adult Men 

Adult Women 
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Body 
Weight Un-trained Novice Intermediate Advanced Elite 

114 84 107 130 179 222 

123 91 116 142 194 242 

132 98 125 153 208 260 

148 109 140 172 234 291 

165 119 152 187 255 319 

181 128 164 201 275 343 

198 135 173 213 289 362 

220 142 183 225 306 381 

242 149 190 232 316 395 

275 153 196 239 325 407 

319 156 199 244 333 416 

320+ 159 204 248 340 425 

Body 
Weight Un-trained Novice Intermediate Advanced Elite 

97 49 63 73 94 116 

105 53 68 79 102 124 

114 57 73 85 109 133 

123 60 
77 90 116 142 

132 64 82 95 122 150 

148 70 90 105 135 165 

165 76 i 97 113 146 183 

181 81 104 122 158 192 

198 88 112 130 167 205 

199 + 92 118 137 177 217 



Squat 
Adult Men 

Body 
Weight Un-trained Novice Intermediate Advanced | Elite 

114 78 144 174 240 320 

123 84 155 190 259 346 

132 91 
168 205 278 369 

148 101 188 230 313 410 

165 110 204 250 342 445 

181 119 220 269 367 479 

198 125 232 285 387 504 

220 132 244 301 409 532 

242 137 255 311 423 551 

275 141 261 319 435 567 

319 144 267 326 445 580 

320 + 147 272 332 454 593 

Adult Women 
Body 

Weight Un-trained Novice Intermediate Advanced Elite 

97 46 84 98 129 163 

105 49 91 106- 140 174 

114 53 98 114 150 187 

123 56 103 121 160 199 

132 59 110 127 168 211 

148 65 121 141 185 232 

165 70 130 151 200 256 

181 75 139 164 215 268 

198 81 150 174 229 288 

199 + 85 158 184 242 303 
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Deadlift 
Adult Men 

Adult Women 

Body 
Weight Un-trained Novice Intermediate Advanced 

Elite 

114 97 179 204 299 387 

123 105 194 222 320 414 

132 113 209 239 342 438 

148 126 234 269 380 482 

165 137 254 293 411 518 

181 148 274 315 438 548 

198 156 289 333 457 567 

220 164 305 351 479 586 

242 172 318 363 490 596 

275 176 326 373 499 602 

319 180 333 381 506 608 

320 + 183 340 388 512 617 

Body 
Weight Un-trained Novice Intermediate Advanced Elite 

97 57 105 122 175 232 

105 61 114 132 189 242 

114 66 122 142 200 253 

123 70 129 151 211 263 

132 74 137 159 220 273 

148 81 151 176 241 295 

165 88 162 189 258 319 

181 94 174 204 273 329 

198 101 187 217 284 349 

199 + 107 197 229 297 364 



Power Clean 
Adult Men 

Body 
Weight Un-trained Novice Intermediate Advanced Elite 

114 5 6 103 125 173 207 

123 60 112 137 186 224 

132 65 121 148 200 239 

148 73 135 166 225 266 

165 79 147 180 246 288 

181 85 158 194 264 310 

198 90 167 205 279 327 

220 95 176 217 294 345 

242 99 183 224 305 357 

275 102 188 230 313 367 

319 104 192 235 320 376 

320+ 106 196 239 327 384 

Adult Women 
Body 

Weight Un-trained Novice Intermediate Advanced Elite 

97 33 61 70 93 117 

105 35 66 76 101 125 

114 38 70 82 108 135 

123 40 74 87 115 143 

132 43 79 92 121 152 

148 47 87 101 133 167 

165 50 93 109 144 184 

181 54 100 118 155 193 

198 58 108 125 165 207 

199 + 61 114 132 174 218 
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Did you like this book?
Then support the authors and buy it!

For additional help, you can check out
the "Starting Strength" wiki at wikia:

Brought to you by /fit/
78% less autism!

http://startingstrength.wikia.com

http://startingstrength.wikia.com
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