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Preface
 

Damned if things haven’t changed in the four years since the
2nd edition of Starting Strength was written. The Aasgaard Company
has changed personnel, I have met lots of people who have taught
me many things, and we have had enormous success with what I
thought was going to be a book ignored by the industry, academe,
and the exercising public. I was right about the fitness industry and
the folks with tenured positions, but I was wrong about you. Since
2007 we have taught several thousand people how to do these five
lifts in our weekend seminars, and the 2nd edition has sold more
than 80,000 copies, making it one of the best-selling books about
weight training in publishing history. Thanks.

Now that we’ve learned some things from you guys – the
ones we’ve been busy teaching for four years – the previous
material in the 2nd edition is screaming for an update. Some of it is
stale, incomplete, or just plain wrong, and it can’t just lay there like
a bureaucrat, badly needing something useful to do but making
money anyway. This effort is not just the culmination of a top-to-
bottom, year-long rewrite. It is the product of an intensive four-year
testing program with many of you serving as the experimental
population, one which has improved the teaching method for the
five lifts, with an extra one thrown in.

It has also been a four-year school for me, as I have tried to
find better ways to explain what I know to be true in terms that are
understandable, logical, and, most importantly, correct. Much of this
material is not in print anywhere else; hopefully, that doesn’t make it
wrong. But you’re pretty bright, so you can decide for yourself.

The book needed a new look, too. Our hope is that you enjoy
the illustrations by Jason Kelly, in a different style than usually found
in a fat messy textbook, and that you appreciate Stef’s Herculean
efforts to make this a better-looking example of the bookmaker’s art
than the previous edition.
 



Many people deserve thanks for their contributions. In no particular
order (certainly not alphabetical):
 
Dustin Laurence, Dr. Dennis Carter, Dr. Philip Colee, Dr. Matt Lorig, Stephen Hill, Juli
Peterson, Mary Conover, Catherine Oliver, Bill Starr, Tommy Suggs, Mark Tucker, Thomas
Campitelli, Ryan Huseman, Maj. Ryan Long, Maj. Damon Wells, Andrea Wells, John
Welbourn, Brian Davis, Justin Ball, Nathan Davey, Travis Shepard, Paul and Becca Steinman,
Mike and Donna Manning, Gregg Arsenuk, Michael Street and Carrie Klumpar, Skip and Jodi
Miller, Ahmik Jones, Heidi Ziegele, Lynne Pitts, Kelly Moore, Eva Twardokens, Tara Muccilli,
Dan Duane, Shane Hamman, Jim Wendler, Dan John, Jim Steel, Matt Reynolds, Charles
Staley, Maj. Ryan Whittemore, John Sheaffer, Will Morris, Andy Baker, T.J. Cooper, Doug
Lane, Simma Park, Myles Kantor, Phil Hammarberg, Barry Vinson, Gant Grimes, Josh Wells,
Shelley Hancock, Terry Young, Ronnie Hamilton, Anil Koganti, MD, Rufus-dog, Ursa-dog,
and Mr. Biggles.
 

—Rip



Chapter 1: Strength - Why and How
 

Physical strength is the most important thing in life. This is
true whether we want it to be or not. As humanity has developed
throughout history, physical strength has become less critical to our
daily existence, but no less important to our lives. Our strength,
more than any other thing we possess, still determines the quality
and the quantity of our time here in these bodies. Whereas
previously our physical strength determined how much food we ate
and how warm and dry we stayed, it now merely determines how
well we function in these new surroundings we have crafted for
ourselves as our culture has accumulated. But we are still animals –
our physical existence is, in the final analysis, the only one that
actually matters. A weak man is not as happy as that same man
would be if he were strong. This reality is offensive to some people
who would like the intellectual or spiritual to take precedence. It is
instructive to see what happens to these very people as their squat
strength goes up.

As the nature of our culture has changed, our relationship
with physical activity has changed along with it. We previously were
physically strong as a function of our continued existence in a simple
physical world. We were adapted to this existence well, since we had
no other choice. Those whose strength was adequate to the task of
staying alive continued doing so. This shaped our basic physiology,
and that of all our vertebrate associates on the bushy little tree of
life. It remains with us today. The relatively recent innovation known
as the Division of Labor is not so remote that our genetic
composition has had time to adapt again. Since most of us now have
been freed from the necessity of personally obtaining our
subsistence, physical activity is regarded as optional. Indeed it is,
from the standpoint of immediate necessity, but the reality of



millions of years of adaptation to a ruggedly physical existence will
not just go away because desks were invented.

Like it or not, we remain the possessors of potentially strong
muscle, bone, sinew, and nerve, and these hard-won commodities
demand our attention. They were too long in the making to just be
ignored, and we do so at our peril. They are the very components of
our existence, the quality of which now depends on our conscious,
directed effort at giving them the stimulus they need to stay in the
condition that is normal to them. Exercise is that stimulus.

Over and above any considerations of performance for sports,
exercise is the stimulus that returns our bodies to the conditions for
which they were designed. Humans are not physically normal in the
absence of hard physical effort. Exercise is not a thing we do to fix a
problem – it is a thing we must do anyway, a thing without which
there will always be problems. Exercise is the thing we must do to
replicate the conditions under which our physiology was – and still is
– adapted, the conditions under which we are physically normal. In
other words, exercise is substitute cave-man activity, the thing we
need to make our bodies, and in fact our minds, normal in the 21st
century. And merely normal, for most worthwhile humans, is not
good enough.
 

An athlete’s decision to begin a strength training program
may be motivated by a desire to join a team sport that requires it, or
it might be for more personal reasons. Many individuals feel that
their strength is inadequate, or could be improved beyond what it is,
without the carrot of team membership. It is for those people who
find themselves in this position that this book is intended.
 

Why Barbells?
 

Training for strength is as old as civilization itself. The Greek
tale of Milo serves to date the antiquity of an interest in physical
development, and an understanding of the processes by which it is
acquired. Milo is said to have lifted a calf every day, and grew



stronger as the calf grew larger. The progressive nature of strength
development was known thousands of years ago, but only recently
(in terms of the scope of history) has the problem of how best to
facilitate progressive resistance training been tackled by technology.

Among the first tools developed to practice resistance
exercise was the barbell, a long metal shaft with some type of
weight on each end. The earliest barbells used globes or spheres for
weight, which could be adjusted for balance and load by filling them
with sand or shot. David Willoughby’s superb book, The Super
Athletes (A.S. Barnes and Co., 1970) details the history of
weightlifting and the equipment that made it possible.

But in a development unforeseen by Mr. Willoughby, things
changed rapidly in the mid-1970s. A gentleman named Arthur Jones
invented a type of exercise equipment that revolutionized resistance
exercise. Unfortunately, not all revolutions are universally productive.
Nautilus utilized the “principle of variable resistance,” which claimed
to take advantage of the fact that different parts of the range of
motion of each limb were stronger than others. A machine was
designed for each limb or body part, and a cam was incorporated
into the chain attached to the weight stack that varied the resistance
against the joint during the movement. The machines were designed
to be used in a specific order, one after another without a pause
between sets, since different body parts were being worked
consecutively. And the central idea (from a commercial standpoint)
was that if enough machines – each working a separate body part –
were added together in a circuit, the entire body was being trained.
The machines were exceptionally well-made and handsome, and
soon most gyms had the obligatory, very expensive, 12-station
Nautilus circuit.

Exercise machines were nothing new. Most high schools had a
Universal Gladiator multi-station unit, and leg extensions and lat
pulldowns were familiar to everybody who trained with weights. The
difference was the marketing behind the new equipment. Nautilus
touted the total-body effect of the complete circuit, something that
had never before been emphasized. We were treated to a series of
before-and-after ads featuring one Casey Viator, an individual who



had apparently gained a considerable amount of weight using only
Nautilus equipment. Missing from the ads was the information that
Mr. Viator was regaining size he previously had acquired through
more conventional methods as an experienced bodybuilder.

Jones even went so far as to claim that strength could be
gained on Nautilus and transferred to complicated movement
patterns like the Olympic lifts without having to do the lifts with
heavy weights, a thing which flies in the face of exercise theory and
practical experience. But the momentum had been established and
Nautilus became a huge commercial success. Equipment like it
remains the modern standard in commercial exercise facilities all
over the world.

The primary reason for this was that Nautilus equipment
allowed the health club (at the time known as the “health spa”)
industry to offer to the general public a thing which had been
previously unavailable. Prior to the invention of Nautilus, if a
member wanted to train hard, in a more elaborate way than
Universal equipment permitted, he had to learn how to use barbells.
Someone had to teach him this. Moreover, someone had to teach
the health spa staff how to teach him this. Such professional
education was, and still is, time-consuming and not widely available.
But with Nautilus equipment, a minimum-wage employee could be
taught very quickly how to use the whole circuit, ostensibly providing
a total-body workout with little invested in employee education.
Furthermore, the entire circuit could be performed in about 30
minutes, thus decreasing member time on the exercise floor,
increasing traffic capacity in the club, and maximizing sales exposure
to more traffic. Nautilus equipment quite literally made the existence
of the modern health club possible.

The problem, of course, is that machine-based training did
not work as it was advertised. It was almost impossible to gain
muscular bodyweight doing a circuit. People who were trying to do
so would train faithfully for months without gaining any significant
muscular weight at all. When they switched to barbell training, a
miraculous thing would happen: they would immediately gain –



within a week – more weight than they had gained in the entire time
they had fought with the 12-station circuit.

The reason that isolated body part training on machines
doesn’t work is the same reason that barbells work so well, better
than any other tools we can use to gain strength. The human body
functions as a complete system – it works that way, and it likes to be
trained that way. It doesn’t like to be separated into its constituent
components and then have those components exercised separately,
since the strength obtained from training will not be utilized in this
way. The general pattern of strength acquisition must be the same
as that in which the strength will be used. The nervous system
controls the muscles, and the relationship between them is referred
to as “neuromuscular.” When strength is acquired in ways that do
not correspond to the patterns in which it is intended to actually be
used, the neuromuscular aspects of training have not been
considered. Neuromuscular specificity is an unfortunate reality, and
exercise programs must respect this principle the same way they
respect the Law of Gravity.

Barbells, and the primary exercises we use them to do, are
far superior to any other training tools that have ever been devised.
Properly performed, full-range-of-motion barbell exercises
are essentially the functional expression of human skeletal
and muscular anatomy under a load. The exercise is controlled
by and the result of each trainee’s particular movement patterns,
minutely fine-tuned by each individual limb length, muscular
attachment position, strength level, flexibility, and neuromuscular
efficiency. Balance between all the muscles involved in a movement
is inherent in the exercise, since all the muscles involved contribute
their anatomically determined share of the work. Muscles move the
joints between the bones which transfer force to the load, and the
way this is done is a function of the design of the system – when
that system is used in the manner of its design, it functions
optimally, and training should follow this design. Barbells allow
weight to be moved in exactly the way the body is designed to move
it, since every aspect of the movement is determined by the body.



Machines, on the other hand, force the body to move the
weight according to the design of the machine. This places some
rather serious limitations on the ability of the exercise to meet the
specific needs of the athlete. For instance, there is no way for a
human being to utilize the quadriceps muscles in isolation from the
hamstrings in any movement pattern that exists independently of a
machine designed for this purpose. No natural movement can be
performed that does this. Quadriceps and hamstrings always
function together, at the same time, to balance the forces on either
side of the knee. Since they always work together, why should they
be exercised separately? Because somebody invented a machine
that lets us?

Even machines that allow multiple joints to be worked at the
same time are less than optimal, since the pattern of the movement
through space is determined by the machine, not the individual
biomechanics of the human using it. Barbells permit the minute
adjustments during the movement that allow individual
anthropometry to be expressed.

Furthermore, barbells require the individual to make these
adjustments, and any other ones that might be necessary to retain
control over the movement of the weight. This aspect of exercise
cannot be overstated – the control of the bar, and the balance and
coordination demanded of the trainee, are unique to barbell exercise
and completely absent in machine-based training. Since every aspect
of the movement of the load is controlled by the trainee, every
aspect of that movement is being trained.

There are other benefits as well. All of the exercises described
in this book involve varying degrees of skeletal loading. After all, the
bones are what ultimately support the weight on the bar. Bone is
living, stress-responsive tissue, just like muscle, ligament, tendon,
skin, nerve, and brain. It adapts to stress just like any other tissue,
and becomes denser and harder in response to heavier weight. This
aspect of barbell training is very important to older trainees and
women, whose bone density is a major factor in continued health.

And barbells are very economical to use. In practical terms,
five or six very functional weight rooms – in which can be done



literally hundreds of different exercises – can be built for the cost of
one circuit of any brand of modern exercise machine. Even if cost is
not a factor, utility should be. In an institutional situation, the
number of people training at a given time per dollar spent equipping
them might be an important consideration in deciding which type of
equipment to buy. The correct decision about this may directly affect
the quality of your training experience.
 

The only problem with barbell training is the fact that the
vast, overwhelming majority of people don’t know how to do it
correctly. This is sufficiently serious and legitimate a concern as to
justifiably discourage many people from training with barbells in the
absence of a way to learn how. This book is my humble attempt to
address this problem. This method of teaching the barbell exercises
has been developed over 30 years in the commercial fitness industry,
the tiny little part of it that remains in the hands of individuals
committed to results, honesty about what works, and the time-
honored principles of biological science. I hope it works as well for
you as it has for me.



This York Barbell Model 38 Olympic Barbell set was obtained from the Wichita Falls
Downtown YMCA. It was used for nearly 50 years by thousands of men and women. Among

them was Bill Starr, famous strength coach, Olympic weightlifter, and one of the first
competitors in the new sport of Powerlifting. Bill was the editor of Hoffman's "Strength and

Health" magazine and Joe Weider's "Muscle" magazine. He was the coach of numerous
national, international, and Olympic teams as well as one of the very first full-time strength
coaches at the collegiate and professional level. He is one of the most prolific writers in the
Iron Game, with books and articles published over 5 decades. His influence is still felt today



from the accomplishments of his many athletes and training partners. His first weightlifting
was done on this set. (From the Bill Starr Monument in Wichita Falls Athletic Club, Wichita

Falls, Texas)



Chapter 2: The Squat
 

The squat has been the most important, yet most poorly
understood, exercise in the training arsenal for a very long time. The
full-range-of-motion exercise known as the squat is the single most
useful exercise in the weight room, and our most valuable tool for
building strength, power, and size.

The squat is literally the only exercise in the entire repertoire
of weighted human movement that allows the direct training of the
complex movement pattern known as hip drive – the active
recruitment of the muscles of the posterior chain. The term posterior
chain refers to the muscles that produce hip extension – the
straightening out of the hip joint from its flexed (or bent) position in
the bottom of the squat. These muscle groups – also referred to as
the hip extensors – are the hamstrings, the glutes, and the
adductors (groin muscles). Because these important muscles
contribute to jumping, pulling, pushing, and anything else involving
the lower body, we want them strong. The best way to get them
strong is to squat, and if you are to squat correctly, you must use hip
drive, which is best thought of as a shoving-up of the sacral area of
the lower back, the area right above your butt. Every time you use
this motion to propel yourself out of the bottom of the squat, you
train the muscles in the posterior chain.
 



 

Figure 2-1. Three views of the squat. Profile view, Depth landmarks for the full squat. The
top of the patella (A) and the hip joint, as identified by the apex in the crease of the shorts
(B). The B side of the plane formed by these two points must drop below parallel with the

ground.

All styles of squatting tend to make the quads sore, more so
than any of the other muscles in the movement. This soreness
occurs because the quads are the only knee extensor group, while



the hip extensors consist of three muscle groups (hamstrings,
glutes, adductors). They comprise more potential muscle mass to
spread the work across – if they are trained correctly. Given this
anatomical situation, we want to squat in a way that maximizes the
use of all the muscle that can potentially be brought into the
exercise and thus be strengthened by it. So we need a way to squat
that involves the posterior muscle mass, making it operate up to its
potential for contributing to strength and power. The low-bar back
squat is that way.

Done correctly, the squat is the only exercise in the weight
room that trains the recruitment of the entire posterior chain in a
way that is progressively improvable. These are the things that make
the squat the best exercise you can do with barbells and, by
extension, the best strength exercise there is. The squat trains the
posterior chain muscles more effectively than any other movement
that uses them because none of the other movements involve
enough range of motion to use them all at the same time, and none
of the other movements train this long range of motion by preceding
their concentric, or shortening, contraction with an eccentric, or
lengthening, contraction, which produces a stretch-shortening cycle,
or stretch reflex.

The squat’s stretch-shortening cycle is important for three
reasons:
 

1. The stretch reflex stores energy in the viscoelastic components
of the muscles and fascia, and this energy gets used at the
turnaround out of the bottom.

2. The stretch tells the neuromuscular system that a contraction is
about to follow. This signal results in more contractile units
firing more efficiently, enabling you to generate more force than
would be possible without the stretch reflex.

3. Because this particular loaded stretch is provided by the
lowering phase of the squat (which uses all of the muscles of
the posterior chain over their full range of motion), the



subsequent contraction recruits many more motor units than
would be recruited in a different exercise.

The conventional deadlift, for example, uses the hamstrings
and glutes, but it leaves out much of the adductors’ function, and
starts with a concentric contraction in which the hips start out well
above the level of a deep squat. No bounce, shorter range of
motion, but very hard anyway – harder, in fact, than squatting, due
to the comparatively inefficient nature of the dead-stop start – yet
not as useful to overall strength development. Plyometric jumps can
be deep enough and might employ the requisite stretch reflex
provided by the drop, but they are not incrementally increasable the
way a loaded barbell exercise is, they can be damned tough on the
feet and knees for novices, and they are not weight-bearing in the
sense that the whole skeleton is loaded with a bar on the shoulders.
In contrast, the squat uses all the posterior chain muscles, uses the
full range of motion of the hips and knees, has the stretch-
shortening cycle inherent in the movement, and can be performed
by anybody who can sit down in a chair, because we have very light
bars that can be increased in weight by very small increments.

The term “posterior chain” obviously refers to the anatomical
position of these muscular components. It also indicates the nature
of the problems most people experience under the bar, trying to
improve their efficiency while squatting. Humans are bipedal
creatures with prehensile hands and opposable thumbs, a
configuration that has profoundly affected our perception as well as
our posture. We are used to doing things with our hands in a
position where our eyes can see them, and we are therefore set up
to think about things done with our hands. We are not used to
thinking about our nether regions, at least those unrelated to toilet
functions. The backside of your head, torso, and legs are seldom the
focus of your attention unless they hurt, and they remain visually
unobservable even with a mirror. The parts you can see in the mirror
– the arms, chest, and abs, and the quads and calves if you’re
wearing shorts – always end up being the favorite things for most
people to train. They are also the easiest parts to learn how to train



because they involve or are facilitated by the use of our hands, and
we are very “handsy” creatures.

The hard parts to train correctly are the ones you can’t see.
The posterior chain is the most important component of the
musculature that directly contributes to gross movement of the
body, as well as being the source of whole-body power. The
posterior chain is also the hardest part to learn how to use correctly.
This would be easier if you didn’t have any hands: how would you
pick up a table without the ability to grab the edge of the thing and
lift it? You’d get under it and raise it with your upper back, or squat
down and drive up with your hips against the undersurface of it, or
lie down on your back and drive it up with your feet, because those
would be the only options open to you. But your hands shift your
focus away from these options and enable you to avoid thinking
about them at all. So posterior chain matters remain largely
unexplored by most people, and this makes their correct use a
rather groundbreaking experience.

You will find that the posterior aspects of squatting and
pulling present the most persistent problems, require the greatest
amount of outside input from coaches and training partners, and will
be the first aspects of form to deteriorate in the absence of outside
reinforcement. For coaches, the posterior chain is the hardest part of
the musculature to understand, to explain, and to influence. But it is
also the most critical aspect of human movement from the
perspective of athletic performance, and the mastery of its lore can
determine the difference between an effective coach and a slightly-
more-than-passive observer, between an effective athlete and one
who merely moves.
 

Much is made of “core” strength, and fortunes have been
made selling new ways to train the core muscles. A correct squat
perfectly balances all the forces around the knees and the hips,
using these muscles in exactly the way the skeletal biomechanics are
designed for them to be used, over their full range of motion. The
postural muscles of the lower back, the upper back, the abdominals
and lateral trunk muscles, the costal (rib cage) muscles, and even



the shoulders and arms are used isometrically. Their static
contraction supports the trunk and transfers kinetic power from the
primary force-generating muscle groups to the bar. The trunk
muscles function as the transmission, while the hips and legs are the
engine.

Notice that the “core” of the body is at the center of the
squat, that the muscles get smaller the farther away from the “core”
they are, and that the squat trains them in exactly this priority
(Figure 2-2). Balance is provided by the interaction of the postural
muscles with the hips and legs, starting on the ground at the feet
and proceeding up to the bar. Balance is controlled by a massive
amount of central nervous system activity under the conscious
direction of the athlete’s mind. In addition, the systemic nature of
the movement, when done with heavy weights, produces hormonal
responses that affect the entire body. So not only is “the core”
strengthened, but it is strengthened in the context of a total physical
and mental experience.

Figure 2-2. Total-body power development originates in the hips, and the ability to
generate power diminishes with distance from the hips. Note also that the farther from the
center of the body a body part is, the greater the angular velocity with which the body part
can move, enabling the application of power through acceleration. From a concept by David



Webster, versions of which have been used by Tommy Kono and Bill Starr. This concept has
recently gained new traction under the names “core strength,” “core stability,” and

“functional training.” It seems rather obvious to the author that an athlete with a 500-
pound squat has a more stable “core” than that same athlete would with a 200-pound

squat.

The squat is poorly understood because it involves the use of
many muscles – more than most people realize – and most of the
people who don’t understand it have never done it correctly
themselves. This means that they can’t appreciate the true nature of
the movement and the interactions of all the muscles functioning in
a coordinated manner, since to truly understand a thing, you must
experience it personally. The more people who learn to squat
correctly, the more people there will be who understand the squat,
and then, like ripples in a pond, knowledge and strength will spread.
This process starts here, with you.

Loaded Human Movement
 

A basic understanding of the nature of loaded human
movement – the ways that the skeletal system translates the force
of muscle contraction into movement as the body interacts with its
environment – is essential to understanding barbell training. A few
simpl e lessons, which can be learned through observing the squat,
are equally applicable to all other barbell exercises. The most basic
of observations is that when a barbell is loaded, the force that
provides the weight of the barbell is gravity. And gravity – always,
everywhere, every time – operates in a straight line perpendicular to
the surface of the earth. Gravity is generated by mass. In this
particular case, we are concerned with the mass of the planet, which
has conveniently organized itself into the general shape of a sphere
– ignoring minor surface features like mountains and valleys – under
the influence of this gravity. So the surface of the earth is assumed
to be horizontal for this definition; after all, a rock dropped on the
side of a hill still falls in the direction we define as down. This fact



has yet to be disputed, and the principle has risen to the status of
Physical Law: there are no known examples of unimpeded objects
falling in a path described as “non-vertical.” The force of gravity
acting on the bar is always acting straight down in a vertical line.
Therefore, the most efficient way to oppose this force is by acting on
it vertically as well. So not only is a straight line the shortest
distance between two points, but a straight vertical line is also the
most efficient bar path for a barbell moving through space in a
gravitational framework.

In fact, the work done on a loaded barbell must be analyzed
on the basis of this framework. Work is defined as the amount of
force (the influence which causes a change in motion or shape)
multiplied by the distance the barbell moves. Pounds on the bar
being a unit of force, work can be expressed in foot-pounds. But
since gravity operates in only one direction, straight down, the work
done against gravity consists only of the distance the barbell moves
vertically. Any other motion imparted to the bar – i.e., horizontal
motion, in a direction either forward or back relative to the lifter –
cannot be considered work against gravity, although force will be
utilized when the motion is produced. Rolling the barbell around the
room constitutes work against gravity only if the elevation of the
barbell changes, because gravity influences the mass of the barbell
in only one direction – down.



Figure 2-3. Gravity acts vertically, and only vertically. Any work done against gravity will be
done in a direction opposite to its force, i.e. straight up. Any horizontal component to a

barbell movement is not work done against gravity.

Next, when a barbell is supported by a human body, the lifter
and the barbell must be considered as a system for any analysis that
applies to their combined mass. The center of mass (COM) of the
human body in the standing “normal anatomical position” is a point
in the middle of the hips, approximately level with the sacrum. When
you squat down below parallel, the geometry of the system changes
to place the COM in the air somewhere between your thighs and
your torso. The COM of the loaded bar is in the middle of the bar on
your back. The lifter/barbell system has a COM somewhere between
the two. As the weight of the bar increases, the system’s COM
moves closer to the bar until, at very heavy weights, the barbell
itself approximates the system’s COM. For practical purposes, we will
assume that the barbell will be loaded with heavy weights and that
the barbell is usually the object that we must be concerned with
balancing as we move it through the range of motion of the
exercise.



Figure 2-4. The COM shifts up toward the bar as the mass of the barbell increases.

Notice that in Figure 2-5, a dashed line illustrates a vertical
relationship between the barbell on the back and the middle of the
foot against the floor. It should be intuitively obvious that the
lifter/barbell system will be in balance when it is directly over the
middle of the foot, with the mid-foot position – right under the arch
of the foot – being the point of interaction with the ground that is
the farthest away from both the forward and rearward edges of
contact. Very simply, the mid-foot is exactly halfway between either
end of the sole of the shoe. It is therefore the most stable position,
the one which would take the most movement to disrupt, and
therefore the one naturally favored by the body, loaded or not. The
heavier the weight on the bar, the more precisely the bar position
calibrates to the mid-foot. In other words, at light weights, where



the mass is primarily that of the body itself, the bar may be forward
of the mid-foot in a position of stability, and as the weight increases,
the bar comes into balance more directly over the mid-foot.

Figure 2-5. The diagnostic angles for the squat. The hip angle is formed by the plane of
the torso and the femur. The knee angle is formed by the femur and the tibia. The back

angle is formed by the plane of the torso and the floor. Note that the barbell is directly over
the mid-foot and is therefore in balance.

The body prefers stability to pretty much everything else. For
example, the ankle joint – the actual point of rotation – is behind the
mid-foot, and the calf muscles attach at the heel at about the same
distance behind the ankle as the mid-foot is in front of it. The calf
muscles exert tension on the heel behind the ankle to counter the
effects of the leverage between the ankle and the mid-foot (Figure
2-6). The body selects the mid-foot as the balance point by inclining
the shins and doing the calf work necessary to maintain this more
stable position. In addition, the gastrocnemius, the hamstrings, and
the quadriceps all cross the knee joints, stabilizing the position of
the knees relative to the ankles, and the hips are embedded in a



web of muscle, tendon, and ligament that permits the upright body
to squat down under load and maintain a position of balance over
the mid-foot.

Figure 2-6. The mid-foot balance point is the position favored by the body for balance.
The point of rotation at the bottom of the leg – the ankle – does not function as the last

piece of the kinetic chain due to the stability provided by the anchoring system of the lower
leg, calf muscles, and foot; this system maintains the tibial angle and transfers force to the
sole of the foot. Considering the system this way allows us to calculate balance from the

mid-foot position, the point of greatest stability against the floor.

Consider the unloaded lifter: if you stand up straight with
your hands on your hips and lean forward, even a little, you can feel
the weight shift to the balls of your feet and feel the increased
tension in your calves as you apply some force to the mass of your
body above your feet to keep from falling forward. If you lean back,
you can feel the shift onto your heels – lean back far enough, and
you will have to actually hold your arms out in front of you to
change your center of mass so that you don’t fall back. (Our bodies



have evolved to move forward, and forward imbalances are more
naturally handled by our anatomy.) You settle into a position of
balance when the greatest amount of force is needed to perturb the
position, or when the least amount of force is needed to maintain
the position. When you stand, this position is where your COM is
over the mid-foot, and when you squat down and stand back up,
your body’s COM is in balance when it travels in a vertical line
directly over this point. Since you will do most barbell exercises
(except the bench press) while standing on your feet, this mid-foot
balance point becomes a critically important concept in the analysis
of good exercise technique.

Let’s assume that the bar in Figure 2-5 weighs 315 pounds.
Were the bar forward of this balance point, it would still weigh 315
pounds, but the effort required to move it through its range of
motion would be greater. The eccentric and concentric work done on
the 315 pounds would be harder due to the bad leverage position
generated by the distance the bar was out of balance. And the
isometric stress of stabilizing the load in the bad leverage position
adds quite significantly to the effort. Keeping the 315-pound bar
directly over the mid-foot through the complete range of motion
(ROM) constitutes the most efficient way the work should be done
during the lift. When the bar is off-balance, the added energy you
must expend due to the leverage of the off-balance load makes 315
much harder to lift.

It doesn’t take much of an imbalance for the leverage to
increase to the point where the rep is missed. Imagine the bar on
your back in a position 12 inches in front of the mid-foot as you try
to squat; this is an awkward position with even 30% of your 1RM (1
rep max), and the heavier the weight gets, the smaller the
imbalance you can deal with. You can easily see that this continuum
ends up with essentially zero amount of deviation tolerable at 1RM
loads. This concept applies to every barbell exercise where the load
must be balanced. So, “good technique” in barbell training is easily
and understandably defined as the ability of the lifter to keep the bar
vertically aligned with the balance point. The ability to maintain this
balanced relationship between the bar and the ground is one of the



many things trained with barbells that are not trained in other
exercise methods. Since balance is an important characteristic of
most human physical endeavors, this is one more reason to base
your training on barbell exercises.

Figure 2-5 also shows the angles we use to analyze the
movement of the body under the bar during the squat. The hip
angle is the angle formed by the femur and the plane of the torso.
Even though the spine is curved when held in the correct position to
bear weight under the bar, it is held rigid during the squat, so we
can use the concept of “the plane of the torso” to describe the
mechanical behavior of this segment under the bar. The knee angle
is formed by the femur and the tibia, effectively illustrating the
relationship between the thigh and the “shank” (as the lower leg
segment is called). The back angle is formed by the plane of the
torso and the floor, which is assumed to be horizontal (meaning
level, perpendicular to the force of gravity).

These angles describe the relationships of their constituent
segments to each other under the load of the barbell. The back
angle is said to be either more vertical or more horizontal, while the
knee and hip angles are either more open or more closed. Control of
the position of these angles depends on the muscles operating the
bones that form the angles. We know that the lifter/barbell system
will be in balance when the bar is directly over the middle of the
foot, and the heavier the bar, the more precisely this position must
be kept. Even if the weight is light enough to remain in a position of
imbalance, the lifter will expend more energy than he would if the
bar were in balance.



 

Figure 2-7. Extra work that must be done on an out-of-balance bar.

If the bar is on the front of the shoulders, as in the front
squat, this bar position will require a very vertical back angle if the
bar is to be kept over the mid-foot, as Figure 2-8 illustrates. Notice
the knee angle made necessary by this position: it is very closed.
And notice the hip angle: it is much more open than it would be with
a more horizontal back angle. In this position, the hamstrings are
shortened because their proximal attachments on the pelvis and
their distal attachments at the knee are as close together as they
can be at the bottom of a squat. Here, the hamstrings are
functioning isometrically to hold the torso in the nearly vertical
position required of the front squat, a much easier position to hold
than a more horizontal back angle because of the reduced leverage
against the hips (much more on this later). But when the hamstrings
are shortened, there is not enough contractile capacity left to
contribute much to hip extension. In essence, the hamstrings are
already contracted in the bottom of the front squat and can’t
contract much more. This leaves the glutes and adductors on their
own to produce hip extension, and this is why your butt gets so sore
when you front-squat heavy: it’s having to do all the work the
hamstrings normally help with in a squat.



 

Figure 2-8. Squat variations commonly seen in the gym. (A) The low-bar squat, our
preferred position and the form referred to in this text as “the squat.” (B) The front squat,

used to catch and recover from a clean and as an assistance exercise by Olympic
weightlifters.

The upshot of this situation is that the front squat leaves out
much of the hamstrings’ function, and we’d like to use the
hamstrings when we squat so that we can get them strong. The
front squat is therefore a poor choice for training the posterior chain.
To best recruit the hamstrings, and let them contribute the most
they can to hip extension, we need to use a squat form that
produces a more closed hip angle and a more open knee angle. At
the bottom of this squat, the hamstrings are contracted isometrically
– that is, they are stretched out proximally, by the attachments at
the pelvis, even as they are shortened distally because of the flexing
knees. As the knees and hips extend during the ascent, the
hamstrings have to work hard to maintain tension on the pelvis, and
to control the effects of the increased leverage demands of the
more-horizontal back angle. The back angle largely determines the
hip angle, and the back angle enables the hamstrings to contribute
more force to the squat.



And when we use that more horizontal back angle, the bar
must be placed on the back such that the bar is over the middle of
the foot. The lower the bar is on the back, the more horizontal the
back angle can be. The bar should therefore be in the lowest secure
position it can occupy on the back, right below the spine of the
scapula – that bump on your shoulder blade you can feel when you
reach across and touch the back of your shoulder. Any lower than
this, and the bar scoots down a little every rep of the set.

If the adductors – the groin muscles – get their share of the
load, too, that adds muscle mass to the exercise. When we use a
moderate stance with shoulder-width heels, toes pointing out at
about 30 degrees, and knees shoved out so that the thighs stay
parallel to the feet, then the groin muscles stretch out as the hips
are lowered. If the muscles are stretched out, they are in the
position they must be in to contract and contribute force to the hip
extension. The muscles that hold the knees out – the external
rotators of the hip – are engaged as well, thus adding to the muscle
mass involved in the squat.

The low-bar squat, or in this book, just the Squat, is not the
same form used by suit-and-wraps-equipped powerlifters, who are
trying to get the most out of their squat suit, an expensive, very
tight singlet that is designed to resist hip flexion and store elastic
energy in the eccentric phase, and therefore aid hip extension. To
this end, some powerlifters use a very wide stance and as vertical a
shin position as they can produce. Some lifters use a high-bar
position with low elbows, a more vertical back angle, and an upward
eye gaze (quite different from the squat style used in this book). A
wide stance and vertical shins open the knee angle and close the hip
angle, thus permitting the more effective use of the suit/hip
extension. Knee wraps are used to resist knee flexion, and like the
squat suit, they store elastic energy during the eccentric phase. Our
stance, which is not nearly as wide, permits more forward travel of
the knees and more use of the quadriceps. In fact, every aspect of
the technique used in our version of the squat has been chosen
specifically to maximize the amount of muscle mass and the range of



motion used so that we can lift as much weight as possible through
that range of motion and thus get stronger.

If the bar is placed high on the back – on top of the traps,
where most people start off carrying it because it’s an easier and
more obvious place for a bar – the back angle must accommodate
the higher position by becoming more vertical to keep the bar over
the mid-foot. If the back angle is more vertical, the knee angle must
become more closed because the knees get shoved forward when
the hips open up (Figure 2-8 again). In other words, the higher bar
position makes the back squat more like the front squat, and we
don’t want to front-squat for general strength development because
it doesn’t effectively train the source of whole-body power: the
posterior chain.

The high-bar, or “Olympic,” squat has been the preferred form
of the exercise for Olympic weightlifters for decades. This seems to
be largely a matter of tradition and inertia, since there are
compelling reasons for weightlifters to use the low-bar position, too.
Since the squat is not a contested lift in weightlifting, and since
Olympic lifters front-squat to directly reinforce the squat clean
anyway, the reasons for weightlifters to use the low-bar squat in
training must involve other considerations. The squat makes you
strong, and weightlifting is a strength sport; even if it is terribly
dependent on technique, the winner is still the one who lifts the
most weight. The high-bar position may be harder, but the low-bar
position uses more muscle, allows more weight to be lifted, and
consequently prepares the lifter for heavier weights.

If an argument on the basis of specificity is to be made, the
low-bar squat is also more applicable to the mechanics of Olympic
weightlifting than the high-bar squat. The low-bar position, with the
weight sitting just below the spine of the scapula, much more closely
approximates the mechanics of the position in which the bar is
pulled off of the floor. As the discussions of pulling mechanics in the
Deadlift and Power Clean chapters illustrate, the shoulder blades are
directly above the bar when it leaves the floor in a heavy pull, and
they stay there until the bar rises well above the knees. This is true
for both the clean and the snatch, with the snatch being done from



a position even less similar to the Olympic squat than the clean is.
Low-bar squats done with this similar, relatively horizontal back
angle train the movement pattern more directly than does the high-
bar version, which places the back at a higher angle due to the
higher position of the bar on the traps. And they do it through a
nice, long range of motion due to the fact that the squat goes to a
deeper hip position than the start position of either the snatch or the
clean and jerk.

If the back angle is kept constant for both the low-bar squat
and the pull from the floor (which it must be, see back angle
discussion in the deadlift chapter), they are very similar movements
– more similar than a high-bar squat and a pull of any type. If an
argument is to be made for squatting with a form specific to the
motor pathway requirements of the sport, the low-bar position
would be that form. And if an argument is made that the squat need
not be similar, the low-bar squat still makes more sense because it
can be done with heavier weights.

Squat Depth – Safety and Importance
 

The full squat is the preferred lower-body exercise for safety
as well as for athletic strength. The squat, when performed
correctly, not only is the safest leg exercise for the knees, but also
produces more stable knees than any other leg exercise does.
Correctly is deep, with hips dropping below level with the top of the
patellas (see Figure 2-1). Correctly is therefore full range of motion.
 

Any squat that is not deep is a partial squat, and partial
squats stress the knees and the quadriceps without stressing the
glutes, the adductors, or the hamstrings. In full squats, the
hamstrings, groin muscles, and glutes come under load as the knees
are shoved out, the hips are pushed back, and the back assumes the
correct angle on the way down for hip drive to occur on the way up.
At the very bottom of the squat, the hips are in flexion and the
pelvis tilts forward with the torso. In this deep squat position (Figure
2-9), several muscle groups reach a full stretch: the adductors



(attached between the medial pelvis and various points on the
medial femur), and the glutes and external rotators (attached
between the pelvis and the lateral femur). Here, the function of the
hamstring muscles (attached to the tibia and to the ischial tuberosity
of the pelvis), is primarily isometric, since they don’t necessarily
change length on the way down. In the bottom of the squat, the
tightened hamstrings, adductors, glutes, and external rotators
provide a slight rebound, which will look like a “bounce”; this is the
stretch reflex we discussed earlier. The tension of the stretch pulls
backwards on the tibia, balancing the force produced by the anterior
quadriceps attachment on the tibial tuberosity. The hamstrings finish
their job, with help from the quads, adductors, and glutes, by
extending the hips.

 

Figure 2-9. Muscular actions on the knee. In the deep squat position (A), the anterior
force provided by the quadriceps is balanced by the posterior force provided by the
hamstrings. The depth is the key: partial (high) squats (B) predominantly work the

quadriceps and therefore lack balance.



A partial squat done with an upright torso and vertical back
angle is typical of most people’s attempts to squat, because we have
all been told that the back must be vertical to reduce shear, the
sliding forces that occur along a segment in rotation. Shear between
the vertebral segments is supposed to somehow disarticulate your
spine, despite the fact that this cannot and has not ever occurred.
But in a misinformed effort to protect the back, this advice results in
a lot of unnecessary stress on the knees. As we’ve already
discussed, however, the vertical back angle fails to fully load the
hamstrings. Therefore, they cannot exert the posterior force needed
to oppose and balance the anterior force exerted by the quadriceps
and their attachments to the front of the tibia, below the knee. (In
other words, there’s no force pulling backwards to balance the forces
that are pulling the knees and tibias forward.) The result is an actual
anterior shear on the knee. And like a front squat, the partial squat
also forces the knees quite forward of the mid-foot – much more so
than the low-bar squat form we will be using, which keeps the knees
back and uses the hips as the primary mover of the load. This lack
of posterior support produces an anterior-dominant force distribution
on the knee: the further back the hips are, the more hip muscle you
use, and the further forward the knees, the more quad you use.
Many cases of patellar tendinitis have been caused by this incorrect
squat technique. Even when partial squats are done with the correct
back angle, they fail to work the full range of motion and therefore
fail to perform to their potential as an exercise.



Figure 2-10. The variation in squat depths commonly seen in the gym. Left to right:
Quarter-squat, Half-squat, a position often confused with parallel, where the undersurface

of the thigh is parallel with the ground, Parallel squat according to the criteria established in
Figure 2-1, and “Ass-to-grass” squat.

The hamstrings benefit from their involvement in the full
squat by getting strong in direct proportion to their anatomically
proper share of the load in the movement, as determined by the
mechanics of the movement itself. This fact is often overlooked
when the medical community considers anterior cruciate ligament
(ACL) tears and their relationship to conditioning programs. The ACL
stabilizes the knee: it prevents the tibia from sliding forward relative
to the femur. As we have already seen, so does the hamstring group
of muscles. Underdeveloped, weak hamstrings thus play a role in
ACL injuries, and full squats strengthen the hamstrings. In the same
way the engaged hamstrings protect the knees during a full squat,
hamstrings that are stronger due to full squats can protect the ACLs
during the activities that we are squatting to condition for. With
strong hamstrings and the knees-back position provided by the low-
bar version of the squat, the hips bear most of the stress of the
movement. So athletes who are missing an ACL can safely squat
heavy weights because the ACL is under no stress in a correctly
performed full squat (see Figure 2-11).



Figure 2-11. Forces on the knee in the squat. The hamstrings and adductors exert a
posterior tension on the tibia, and the net effect of the anterior quadriceps tendon insertion

is an anterior force against the tibial plateau. With sufficient depth and correct knee
position, anterior and posterior forces on the knee are balanced. The anterior (ACL) and
posterior cruciate ligaments (PCL)stabilize the anterior and posterior movements of the

distal femur relative to the proximal tibia. In a correctly performed squat, these ligaments
are essentially unloaded.

Another problem with partial squats is the fact that very
heavy loads can be moved due to the short range of motion and the
greater mechanical efficiency of the quarter-squat position. A trainee
doing quarter-squats is predisposed to back injuries as a result of
the extreme spinal loading that comes from putting a weight on his
back that might be more than three times the weight that he can
safely handle in a correct deep squat. A lot of football coaches are
fond of partial squats because they allow the coaches to claim that
their 17-year-old linemen are all “squatting” 600 pounds. Your
interest is in getting strong (at least it should be), not in playing



meaningless games with numbers. If it’s too heavy to squat below
parallel, it’s too heavy to have on your back.
 

There is simply no other exercise, and certainly no machine,
that produces the level of central nervous system activity, improved
balance and coordination, skeletal loading and bone density
enhancement, muscular stimulation and growth, connective tissue
stress and strength, psychological demand and toughness, and
overall systemic conditioning than the correctly performed full squat.
In the absence of an injury that prevents its being performed,
everyone who lifts weights should learn to squat, correctly.

Learning to Squat
 

We will approach the squat in two phases: first unloaded, to
solve problems associated with the bottom position, and then
loaded, to learn how to apply the bottom position to the hip drive
used for heavier weights. Since the majority of the problems with
the squat happen at the bottom, this method expedites the process
quite effectively.

Generating hip drive
 

We will use a fairly neutral foot placement, with the heels
about shoulder width apart and the toes pointed out at about 30
degrees. An excessively wide stance causes the adductors to reach
the end of their extensibility early, and excessive narrowness causes
the thighs to jam against the belly. Both of these problems prevent
you from reaching proper depth. Shoulder width is proportionate to
pelvic width in most people, and experience has shown that this
width works well for most of the population. Many people will
assume a stance with toes pointed too forward, so you may
need to point them out more than you want to. Look down at
your feet and make a mental picture of what you see.





Figure 2-12. (A) Map of foot placement and (B) stance in the squat, as seen from above.
(C) Heel placement by shoulder width.

Now comes the crucial part of learning the movement. You
are going to assume the position you will be in at the bottom of a
correct squat, without the bar. This method works well because you
can easily correct any errors in position before the bar adds another
variable to the system. And if you’ve already been in the correct
bottom position without the bar, getting into that position again with
the bar is easy. Assume the correct stance and squat down, all the
way. Don’t even think about stopping high; just go on down to the
bottom. Sometimes a lack of flexibility or a failure to point your toes
out enough will alter your stance on the way down, so make sure
you have assumed the correct foot position.

Next, put your elbows against your knees, with the palms of
your hands together, and shove your knees out (Figure 2-13). This
will usually be a decent bottom position, and if your flexibility is not
great, the position will act as a stretch if you maintain it for a few
seconds. Remember, proper depth is essential in the squat, and
this low bottom position lays the groundwork for your attaining good
depth from now on.



Figure 2-13. Use your elbows to stretch into the correct position at the bottom. The
femurs are parallel to the feet, the feet are flat on the ground at the correct angle, the hips
are back, the knees are just a little forward of the toes, and the back is at an angle (about

45 degrees) that will place the bar over the middle of the foot.

Stay in the bottom position for a few seconds to allow for
some stretching. If you get fatigued by holding the position, your
flexibility might not be quite what it should be. Stand up and rest for



a few seconds. Then go back down to get some more stretching
done and to reinforce your familiarity with the bottom position. This
is the most important part of learning to squat correctly because
good depth is the difference between a squat and a partial squat.

Now is the time to notice some important details about the
bottom position. Your feet are flat on the floor, your knees are
shoved out to where they are in a parallel line with your feet, and
your knees are just a little in front of your toes. Your back should be
as flat as you can get it, but if it’s not perfect, we’ll fix it later. Also
notice that your back is inclined at about a 45-degree angle, not at
all vertical. You may think it’s vertical, but it won’t be and it’s not
supposed to be. And your eyes are looking down at the floor a few
feet in front of you.

After you’ve established the bottom position, come up out of
the bottom by driving your butt straight up in the air. Up, not
forward. This movement keeps your weight solidly over the whole
foot instead of shifting it to the toes. Think about a chain hooked to
your hips, pulling you straight up out of the bottom (Figure 2-14).
Don’t think about your knees straightening out, don’t think about
your feet pushing against the floor, and don’t even think about your
legs. Just drive your hips up out of the bottom, and the rest will take
care of itself.



Figure 2-14. An interesting way to visualize hip drive in the squat.

This important point should not be missed. Our previous
discussion about hip drive and the use of the hamstrings in the
squat applies here. The squat is not a leg press, and the idea of
pushing the floor with the feet provides an inadequate signal for the
hamstrings, adductors, and glutes to provide their power out of the
bottom. Hip extension is the first part of the upward drive out of the
bottom. When you think about raising your butt up out of the
bottom, the nervous system has a simple, efficient way to fire the
correct motor units to initiate hip drive.

Eye gaze direction plays an important part in this process of
driving the hips, and it is introduced even before the bar becomes
part of the squat. Looking up at the ceiling when squatting has so
many detrimental effects on proper technique that it is absolutely
amazing that so many people still advise their lifters to do it. It
interferes with the correct bottom position, with hip drive out of the
bottom, and with correct chest position. It changes the focal point
from a close, manageable spot to one that is farther away. And the
neck position that results from looking at the ceiling is inherently
unsafe: to place the cervical spine in extreme overextension and
then to place a heavy weight on the trapezius muscles directly
underneath it is, at best, imprudent. The normal anatomical position
for the cervical spine is the preferred position when the weights get
heavy.

The habit of looking up is also a very difficult problem to
correct if it has existed for any length of time. Lifters whose high
school football coaches taught them to look up during the squat
often have a very difficult time with changing the eye gaze direction,
even when we have effectively demonstrated that looking down
works so much better. An embedded movement pattern is always
easier to perform than a new one, and it will be the default
movement pattern if conscious control is shifted to another aspect of
the new technique.



Do an experiment or two to demonstrate for yourself the
effect of gaze direction. Assume the bottom position with knees out,
toes out, and heels down. Put your chin down slightly and look at a
point on the floor 4 or 5 feet in front of you. Now drive your hips up
out of the bottom, and take note of how this feels. Now do the same
thing while looking at the ceiling. If you have a training partner or
coach, get in the bottom position and have him block your hips, with
a hand placed firmly on your lower back and pushing straight down,
so that you have something to push up on, but not so that he
pushes you forward. Push up against the resistance while looking
down at your floor focus point, and note the effectiveness of your
hip drive and the power it produces. Then try this movement again
while looking up. You will discover an amazing thing – that the chin-
down (looking down keeps the chin down), eyes-down position
enables your hip drive to function almost automatically. In contrast,
the upward eye gaze pulls the chest forward, the knees forward, and
the hips forward – just a little, but enough to produce a profound
effect. It slacks the hamstrings and all the posterior muscles we are
trying to keep tight so that we can use them to drive the hips up.
The first time you do this experiment will convince you that looking
down is more efficient.



Figure 2-15. Blocking the hips to learn the effect of eye gaze direction. An upward-
directed gaze quite effectively diminishes the ability to use the posterior chain during the

drive up from the bottom.

Looking at the floor also provides the eyes with a fixed
position reference. Using this reference, you can easily identify any
deviation from the correct movement pattern and adjust it as it
happens. The ceiling also provides a reference, but the neck position
is unsafe, and anything you’re looking at upward will be farther away
than the floor when you’re at the bottom of the squat. It’s hard to
imagine a room in which the floor isn’t closer to the eyes than the
ceiling is; the floor is therefore more useful as a reference – smaller
movements can be detected against the closer point.

Most people will have more trouble with this change in their
eye gaze direction than with any other aspect of this squatting
method. To correct the error of looking up, fix your eyes on a
position on the floor 4 or 5 feet in front of you. If you’re training
close to a wall, find a place to look at that is low on the wall and
results in the same neck position. Stare at this point, and get used
to looking at it so that it requires no conscious effort. Most people, if
they are looking down, will not raise their heads to the point where



neck position is affected. Inventive coaches have used tennis balls
for the purpose of demonstrating a chin-down, chest-up position
(Figure 2-16).

Figure 2-16. A tennis ball can teach the correct chin/neck relationship.

Adding the bar
 

Now you’re ready to squat. You have already been in the
position you will go to at the bottom, and now you’re just going back
down there with the bar. First, chalk your hands. Chalk is always a
good idea because it dries out the skin. Dry skin is less prone to
folding and abrasion than moist skin and therefore is less prone to
problem callus formation. If the weight room is not equipped with
chalk, bring your own. If the gym complains, change gyms.

The squat begins at the power rack or the squat stands,
whichever is available. Set the rack height so that the bar in the rack
is at about the level of your mid-sternum. Many people will perceive
this as too low, but it’s better to be a little low taking the bar out of
the rack than to have to tiptoe back into the rack with a heavy



weight. Often, this position in the empty rack will look low because
the diameter of the bar sitting in the hooks tells the eye a different
story about its true height in the rack. When the bar is placed in the
rack, the eye will be more comfortable with the setting. And
remember, we are placing the bar in a lower position than the top of
the traps, so you’ll need the rack lower than you think. You’d rather
have the rack set a little too low than a little too high, and most
people are not as tall as they think they are. Most people will want
to use a position in the rack that is too high. If your shoulders are
not flexible enough to assume the low-bar position at first, they
should stretch out over a couple of weeks.

Face the bar. Always an empty bar at first. ALWAYS. There will
be plenty of time very soon to add weight. Take an even grip on the
bar, measured from the markings placed on the bar for this purpose.
A standard power bar has 16–17 inches between the ends of the
outside knurl, and 32 inches between the finger marks, those one-
eighth-inch gaps in the knurl indicating a legal bench-press grip. Grip
width for the squat will obviously vary with shoulder width and
flexibility, but in general, the hands will be between these two
markings on this type of bar. A narrower grip allows a flexible person
to better support the bar with the posterior muscles of the shoulders
when the elbows are lifted, and a wider grip allows an inflexible
person to get more comfortable under the bar. In either case, a
narrower grip tightens your shoulder muscles so that the bar is
supported by muscle and doesn’t dig into your back.



Figure 2-17. A comparison of wide and narrow grips. Note the difference in tightness of
the upper back muscles and the resulting difference in bar support potential.

The thumbs should be placed on top of the bar so that the wrists
can be held in a straight line with the forearms. The elbows should
be cranked up to trap the bar between the hands and the back. If a
lack of flexibility in the chest and shoulders prevents your achieving
this position, use the high-bar position until proper stretching can
make you flexible enough to get the bar down to a better position. If
you’re flexible enough now, take a grip wide enough to permit



straight wrists under the bar, and then with each set, narrow your
grip a little until it is tight and secure. Mark this position as the grip
you will use.

Figure 2-18. Wrist alignment on the bar. The correct grip keeps the hand above the bar
and keeps all of the weight of the bar on the back. An incorrect grip intercepts some of the

weight, loading the wrists and elbows. Note that the thumb is on top of the bar and the
hand is between the outer ring and the inner edge of the knurling.

With your grip in place, and your hands and thumbs on top of
the bar, dip your head under the bar, and come up into position with



the bar on your back. Place the bar in the correct position, just
immediately under the bone you feel at the top of the shoulder
blades – the spine of the scapula – and then secure it in place by
lifting your elbows and chest at the same time (Figure 2-20). It
should feel as though the bar is resting on a “shelf” under the traps
and on top of the posterior deltoids. This action tightens the muscles
of your back and lifts your chest, placing the thoracic spine in an
extended, straight position and thereby fixing many of the problems
encountered with a round-back position. Enormous weights can be
safely handled this way later. Most people starting with this method
will place the bar too high on the back, perhaps just above the
scapular spine instead of just below it. Check to make sure the bar is
in the right position.

 
Figure 2-19. Position of the barbell relative to the scapular anatomy. The bar is just under

the spine of the scapula.

First and foremost, ALWAYS STEP BACK OUT OF THE
RACK. ALWAYS. NEVER PUT THE BAR BACK IN THE RACK BY
STEPPING BACKWARDS. NEVER. This cannot be done safely.
You should never be in a position to have to step backwards and
rack a weight at the end of a set. You cannot see the hooks, and
even if you have spotters, there will eventually be a wreck. If you do
this, or permit it to be done by someone you’re training, you are a
fool.

Take the bar out of the rack in the same position in which it is
to be squatted, with the torso and shoulders tight, the chest and



elbows up, the head position down, and both feet under the bar.
Everything should be the same as it is for the full squat, so take the
bar off of the hooks by extending the knees and hips, just as in the
top of a squat. In this way, any weight can be taken safely out of the
rack. Many problems are caused by doing this improperly. It is very
common to take the bar out of the rack with a loose back and chest,
and then attempt to tighten everything just before squatting. It is
obviously much more effective to tighten the muscles and then take
the weight onto tight muscles than it is to take the weight, let it
mash down into your back through loose muscles until it stops on
some crucial skeletal component, and then try to tighten everything
up underneath it.

  

Figure 2-20. Simultaneous lifting of the elbows and the chest “trap” the bar between the
hands and the back, creating a stable back and chest position and a tight bar placement on

top of the posterior delts.

Likewise, taking the bar out with one foot back and only one foot
under the bar, like a lunge, is a bad habit, one that everybody gets
away with when the weight is light but that can cause back
problems from the unevenly stressed hips when the weight gets
heavier. Unrack the bar exactly like it is in a squat, even when it is
light, and you’ll have no problems later when it is heavy.



  

Figure 2-21. The proper position in which to receive the bar from the rack.

Once the bar leaves the rack, don’t take a hike with it,
backing up three or four steps before setting up to squat. This is
unnecessary, and it could become a problem if the set is heavy, the
spotters are unreliable, or the trip back to the rack is just too far on
this particular day. One step back out of the rack with good form is
enough to clear the rack and allow the spotters to do their job while
minimizing the trouble of getting the bar back home.

The stance should be the same as the one used during the
stretch. Again, heels should be about shoulder width apart, with toes
pointed out about 30 degrees. Most people will change the stance at
this point, rotating the toes back in. Make sure you are using the
same stance you previously used during the unweighted part of this
teaching method.

At this point, you are ready to squat with the empty bar. THE
EMPTY BAR. All of the groundwork has been laid, the correct bottom
position is fresh in your mind, and you are now in the correct
starting position. Everything you are about to do is the same as you
did during the stretch. Only two things are different: one, you don’t
have your elbows available to help push your knees out, so you need
to do this with your brain. And two, don’t stop at the bottom. Just go
down and immediately come back up, driving your butt straight up,
not forward, out of the bottom. Now, take a big breath and hold it,



look down at a spot on the floor about 4–5 feet in front of you, and
squat.

You should be in good balance at the bottom of the squat,
having already been there when you stretched. Your weight should
stay evenly balanced over the middle of your feet.

Figure 2-22. The back angle during the drive up from the bottom is critical to the correct
use of the hips. The correct angle is produced when the bar is just below the spine of the

scapula and directly over the middle of the foot, the back is held tight in lumbar and
thoracic extension, the knees are parallel to the correctly placed feet, and the correct depth

is reached. Flopping forward allows the bar to drop forward of the mid-foot.

The reference point your eyes have on the floor should help you
maintain position all the way down and all the way up. Balance
problems usually indicate a back angle that is too vertical, so make
sure you’re sitting back and leaning forward enough. Most people
have a picture in their minds of a vertical torso during the squat.
Remember that the back angle will not be vertical at all; sit back,
lean forward, and shove your knees out.

Get someone to verify that your depth is good, and DO NOT
accept anything less than full depth, ever, from this point on. If your
impartial critic tells you that you’re high, check your stance to make
sure that it’s wide enough but not too wide, that your toes are out
enough, and that your knees are tracking parallel to your feet. While
he’s being helpful, get him to check your eye gaze direction and to



remind you to look down every rep. If you’re sure the form is fairly
good, do a set of five and rack the bar. If the form is good except for
the depth, the squat itself will act as a stretch IF YOUR KNEES ARE
OUT. And most of the time, if you are high, it is because your knees
are not out. Most people who have problems with the squat – at this
rank novice level as well as later on – do not shove their knees out
enough. If the squat is crazy bad, rack the bar and repeat the pre-
squat procedure, focusing on the knees-out part.

To rack the bar safely and easily, walk forward until it touches
the vertical parts of the rack. Find the uprights, not the hooks. You
can’t miss the uprights, and if you touch them, you’ll be over the
hooks. If you try to set the bar directly down on the hooks, you can
and will eventually miss it on one side. Big wreck.

The general plan is to do a couple more sets of five reps with
the empty bar to nail down the form, and then add weight, do
another set of five, and keep increasing in even increments until the
next increase would compromise the form. Sets of five are a good
number to learn with – not so many that fatigue affects form during
the last reps, but enough to establish and practice the technique
while handling enough weight to get strong. Increments for
increasing the weight between sets will vary with the trainee.
Lightweight, unconditioned kids need to go up in 10–15 lb or 5–7.5
kg jumps. Older or stronger trainees can use 20–30 lb or 10–15 kg
increments. Decide which jumps best fit your situation, being
conservative since it is your first day. Most people will try to increase
the weight by increments that are too large for this point in the
teaching method. Go on up in weight, practicing good form and
making sure to keep good depth, until you can tell that the next
jump up would alter your form. Then do two more sets at the
current weight, for a total of three sets across with the heaviest
weight. And that is the first squat workout.



  

  

  

Figure 2-23. The squat.



The Important Things You’re Going to Do Wrong
 
Depth: You’re probably going to squat to a position above parallel.
This will occur because you’re not looking down, you’re not shoving
your knees out, you have a stance that is either too narrow or too
wide, or you have not committed to going deep.

Knee position: You will fail to shove your knees out as you start
down. This will make correct depth hard to attain and will kill your
hip drive.

Stance: Your stance will be either too narrow or too wide, with your
toes usually pointed too forward. This will result in a squat that is
not below parallel.

Eye gaze: You will fail to look down. This will kill your hip drive.

Back angle: Your back will (usually) be too vertical, due to a faulty
mental picture of what your hips do when you squat or due to the
incorrect placement of the bar on your back, or your back will be too
horizontal, due to your failure to keep your chest up. Either error will
adversely affect hip drive and depth.

Hip drive: You will lift your chest instead of driving your hips up.
This will kill your power out of the bottom by making your back
angle too vertical.

Bar placement: You will place the bar too high on your back. This
will adversely affect your back angle and your hip drive.

Rack height: You will set the bar in the rack in a position that is too
high. This will make the preferred position on the back difficult to
attain.



Notice that all of these problems are extremely interrelated.
The squat is a complex, multi-joint exercise whose correct execution
depends on all the components of the entire system functioning
together. An incorrect placement of any component will perturb the
entire system to its detriment. A working knowledge of the
functional mechanics of the system is important if you are to
understand the contribution of each component to the system, and
the workings of the system as a whole.
 

Figure 2-24. Don’t do this, you fool.

Leverage and Moment – The Basis of Barbell
Training
 

If the system of barbell training you are about to study is to
be more than just another collection of opinions about the subject, it
must proceed from more than just the history of the activity, the
preferences of the author, and the observed habits of those people



who happen to be performing at a high level. History is filled with
examples of less-than-efficient behavior that is nonetheless
effective; personal preferences quite often reflect an unquenchable
bias; people are often good at things without knowing exactly why,
and these folks might be even better at them if they did. It seems
likely that barbell training would be more efficiently performed if it
had more in common with engineering than with astrology – more
like physics class than birthday party – and it would be more
effectively coached if it were developed from mechanics rather than
from folklore.

An understanding of the forces affecting the lifter and the
barbell is essential to forming an accurate analysis of the movements
used in barbell training. The squat, bench press, deadlift, press, and
power clean are potentially complicated multi-joint exercises that
form the basic movements employed in barbell training. The
complexity of these movements is mitigated by the fact that they are
all quite natural expressions of loaded human movement – the ways
that the skeletal system translates the force of muscle contraction
into movement as the body interacts with its environment. But if
these natural movements are to effectively and efficiently function as
exercises, they must be tailored to specifically cause the use of the
most muscle mass over the longest range of motion so that the most
weight can be lifted and thus produce the most effective strength
adaptation.

If we develop an accurate description of each exercise based
on an understanding of what each one is supposed to accomplish in
terms of movement against a loaded bar, how this movement is
most efficiently accomplished using muscular contractile force
translated through the skeletal components that transfer the force to
the load, and which physical adaptations will accompany an ability to
handle increasing loads in each particular movement pattern, we will
have what can be described as a model of the exercise.

This model must be grounded in an understanding of the
principles that govern the motions within a physical system. And a
grasp of each model makes the performance and coaching of each
movement more straightforward, logical, and understandable. The



science of classical mechanics studies the effects of forces on the
motions of material bodies. An extensive treatment of this science is
obviously outside the scope of our discussion, but a basic
understanding of a few of its concepts is critical to the development
of an accurate model for each exercise in this method of barbell
training. These concepts are important to understand because the
system of levers you will use to lift the barbell – your muscles
moving your skeleton, loaded by the barbell in a gravitational
framework – obeys the laws of mechanics, and you must know them
before you can analyze your lifting to optimize the way you do it.

So, let’s start with the most basic concept and build on it. As
noted previously, the agent that produces the weight of the loaded
barbell is gravity. It is produced by the mass of the planet, and for
our purposes the planet is assumed to be a uniform sphere. Every
unimpeded object will fall in a direction perpendicular to the surface
of this sphere. The term “level” is used to denote a surface parallel
to the surface of the planet, so that if an object is dropped, it always
falls perpendicular to “level,” and we describe this path as vertical.
The force exerted by the weight of a loaded bar is therefore always
vertical and down, and the only way to oppose the force of a freely
moving barbell is with a force that is vertical and up. Horizontal force
may be applied to the bar during its trip through the rep, but none
of the horizontal force can contribute to the vertical motion of the
bar. So, to the extent that squatting, pulling, or pressing a loaded
bar works against gravity, the vertical components of the force do
the work. This means that the most efficient bar path for a barbell
moving in a gravitational framework is always a straight vertical line;
not only is this path the shortest distance between the two points,
but any force applied in any other direction is not work against the
force of gravity (see Figure 2-3).

Gravity is expressed as three primary forces that affect the
lifter/barbell system: tension, compression, and moment.



Tension is the force transmitted along an object that would
elongate if it were deformable (not every object is deformable under
normal gym circumstances). An example would be the body of a
lifter hanging from the chin-up bar.

Compression is the force transmitted along an object that
would get shorter if it were deformable. Compression is the opposite
of tension, and an example would be the body of a lifter standing
under the loaded squat bar.

Both tension and compression are said to be axial forces
because they are expressed parallel to the axis of the force that
generates them, gravity.

Moment is force that tends to cause a rotation about an axis.
It is the force that is transmitted down a wrench handle to turn a
bolt. Moment can also be thought of as “leverage” or bending force.

 



 

Figure 2-25. Tension, compression, and moment are the expressions of the force of
gravity across the lifter/barbell system.

When the bar is carried on the back, or overhead in the
lockout position of the press, the force it applies is compression.
When the bar hangs from the arms in a deadlift or a clean, the force
along the arms is tension. The bones transmit compressive force,
and the connective tissues and muscles transmit tension. Both the
connective tissues and the bones working together transmit moment
(leverage). If the bar is supported overhead and then lowered in an
arc to the hang position of the deadlift, all three forces –
compression at the top, moment as the arms travel through the arc
to the body, and tension as the bar comes to rest on the legs – can
be experienced in that order.



Figure 2-26. Compression, moment, and tension expressed through the upper body with a
loaded bar.

A moment arm is the distance between a point of rotation
and the point at which the rotational force is applied, measured at
90 degrees from the point of the force application. When you’re
using a wrench, for example, the moment arm is the distance along
the handle, between the point of rotation (the bolt) and the force
that causes the rotation (your hand), measured at 90 degrees to the
force. Moment is the force transmitted along a rigid bar to act on a



pivot, or fulcrum. The moment arm (the term “lever arm” is
synonymous) is essentially a way to calculate the amount of moment
force generated by a lever: the moment force is the force applied to
the bar multiplied by the length of the moment arm. At one end of
the system, force is being applied to the bar. At the other end of the
system, the turning force is being resisted by the object being
turned, so that along the rigid bar, force is acting in two directions.
(For this reason, moment is a shear force, in contrast to the axial
forces of tension and compression.) The “moment arm” is the
effective distance over which the system operates. The longer the
moment arm is, the more turning force is produced by the actual
force applied to the bar.

The most effective angle to pull on the wrench handle is
perpendicular to it. This is intuitively obvious to anyone who has
ever used the device; you adjust the position of the jaws on the
conveniently designed hexagonal head – shaped this way for just
this purpose – so that you can pull on the wrench at right angles to
it, regardless of the angle at which the job causes the wrench to fit
on the bolt. If you pull at any angle other than 90 degrees, some of
the force will be either compression or tension along the wrench
handle – 90 degrees is the only angle at which all of the pulling force
causes the wrench to turn the bolt. Since 90 degrees is the most
effective angle at which to pull, any other angle is only as effective
as the distance along the moment arm measured at 90 degrees,
thus the convention of measuring its length at this angle (see Figure
2-27).



 

 

Figure 2-27. The moment arm is the distance between the point of rotation and the point
of the application of force along a rigid segment, measured at 90 degrees from the point of

force application. In barbell training, gravity provides the force, and gravity always acts
vertically and down.

The amount of turning force that can be applied to the bolt
varies with the length of the moment arm (the distance from the
working end of the wrench to your grip, measured at 90 degrees to
your pull) and the amount of force applied to it (how hard you pull
on the wrench). You can increase the amount of turning force either



by pulling harder or by lengthening the handle – by getting a longer
wrench or extending its length with a “cheater pipe.”

In barbell training, the turning force is the force of gravity
acting on the barbell, and the moment arms are the horizontal
distances between barbell and joint along the segments of the body
over which this force acts. The instant the knees and hips are
unlocked and our diagnostic angles come into existence along the
back, thigh, and shank segments in the squat, moment arms come
into existence between the end points of these segments and the
location of the barbell relative to the segment and the balance point
under the mid-foot. The force of gravity always operates straight
down − the hand turning this particular wrench is gravity, and it’s
always pulling straight down from the bar. So we can calculate the
moment arms along the segments as measured perpendicular to the
bar.

This means that the length of the moment arms along the
back segment in the squat will always be the horizontal distance
between the bar and the hips.



Figure 2-28.The moment arm along the back segment in the squat. (M.A. = moment arm)

For the thigh segment, the moment arms will be the horizontal
distance between the bar and the hips, and the bar and the knees,
since the femur is bisected by the gravity vector, and the moment
arm can be considered from either hip or knee. The hip extensors
“see” the femur moment arm between the hip and the bar, and the
knee extensors “see” the femur moment between the knee and the
bar. Likewise, along the shank segment between knees and ankles,
the moments can be regarded as between bar and ankles, and
between bar and knees.

The moment arm between the bar and the hips will thus vary
with the bar position on the back and the angle at which the back is



inclined. If the bar is in the low position advocated here, the
distance between hips and bar is shorter than it would be if the bar
were in the higher position. But since the bar must be maintained
over the mid-foot balance point, the lower bar position requires a
more horizontal back angle. And for the same reason, the more
vertical back angle compensates for the longer distance between bar
and hips in the high-bar position.

Figure 2-29. The moment arm varies in length with angle and segment length. If the
segment length changes and the angle is held constant (top panels), or if the angle

changes and the segment length is held constant (bottom panels), the moment arms can
be varied.

The moment arm – the horizontal distance – between hips and
barbell in both positions may indeed be the same length. But we
don’t use the low-bar position because it reduces moment force on
the back segment; we use it because the more horizontal back



angle, closed hip angle, and open knee angle place the hips
further behind the mid-foot balance point, so the
hamstrings, glutes, and adductors have to work harder to
maintain the angle and come up out of the bottom than they
do when the knees are farther forward and the hips are
closer to the bar. This anatomical manipulation adds their mass to
the muscles moving the load, and thus also enables heavier weight
to be used.

There is another way to consider the moments active in the
lifter/barbell system. In each case, a moment arm involves a force
on one end, a point of rotation on the other end, and a segment
transmitting the force in between. Consider the effect of the bar on
your shoulders as it relates to the balance point at the mid-foot. If
the bar moves forward or backward from its ideal position directly
over the mid-foot – i.e., you apply any force horizontally to the bar –
and the mid-foot balance point is thought of as a point of rotation,
then between the bar and the mid-foot, a rotational force is created
that acts along the whole system. This horizontal force creates a
moment arm that is expressed vertically along the body between
mid-foot and barbell.

Now, it is true that the foot is a flat surface (the sole of your
shoe) in contact with another flat surface (the floor), and the actual
point of rotation nearest the floor would be the ankle. But given that
the calf stabilizes the ankle, that the load shifts in relation to the
mid-foot if the bar and your body move forward or backward, and
that the greater the weight and distance, the larger the effect, the
system behaves like a moment arm acting on a point of rotation at
the mid-foot. This leverage has the potential to add quite a bit to the
force needed to overcome the weight of the bar, which happens as
the bar moves forward of the balance point.

Forward is the usual direction of off-balance movement due to
the vagaries of human anatomy – the ankle is behind the mid-foot,
the knees articulate forward, and the eyes are forward-directed.
Most people who have been training for more than a couple of
weeks will not put themselves in the rather awkward position of



moving back with the bar on the shoulders. And since the body is in
an asymmetrical position at the bottom of a squat or a deadlift, with
more of the body behind the bar than in front of it, it would be
simplistic to conclude that the same amount of movement forward
and backward from the mid-foot would affect the system
symmetrically, i.e., that a forward bar movement of 3 inches would
have to be reacted against with the same force as a backward bar
path deviation of the same 3 inches.

Considered in this context, the term “out of balance” means
that a moment (rotational force) exists between the bar and the
mid-foot vertically along the body, and this moment must be
controlled with an amount of force necessary to cancel its effects.
This is force that could be more productively used to lift more weight
on the bar if it were “in balance.” So your ability to control the
moment between bar and mid-foot – your ability to maintain a
vertical relationship between barbell and mid-foot – is your ability to
use good technique in lifting.



 

 

Figure 2-30. “Balance” defined as the absence of a horizontal moment arm along a
vertically-oriented system.



We must consider the effects of two systems of leverage
while we squat. The moments operating horizontally along the
segments of the body are produced by the force of gravity acting on
the load. They are inherent in squatting down and standing back up
under a heavy barbell; they make up the resistance against which
we work to get strong. The moment operating vertically between the
bar and the mid-foot balance point, however, must be kept at ZERO
to avoid wasting force that could otherwise be used to lift more
weight. Both of these moments must be considered when you’re
analyzing the biomechanics of the system.
 

 

Figure 2-31. Good technique in the squat is the ability to maintain zero moment between
the bar and the mid-foot balance point. This completes the concept presented in Figure 2-7

– the extra effort is due to the existence of the moment arm between bar and midfoot.
(M.A. = moment arm)



 

Figure 2-32. The concepts of moment force applied to the body during the squat. (A) The
moment force A, along the segments, is inherent in performing the motion of squatting and
is thus the force against which we exercise. (B) The moment force B, between the bar and

the mid-foot balance point considered vertically, must be kept to ZERO for greatest
efficiency. Moment force B adversely affects the work done against moment force A. (M.A.

= moment arm)

Common Problems Everyone Should Know How
to Solve
 

A correct squat will always have certain identifiable
characteristics controlled by skeletal anatomy and muscle function.
For any squat, back or front, these conditions will be satisfied,
making it relatively easy to determine whether form and position are
correct. At the top, all the skeletal components that support the bar



– the knees, hips, and spine – will be locked in extension so that the
muscular components have to exert only enough force to maintain
this position, in which compression is the primary force on the
skeletal components. The job of the muscles here is to keep the
bones lined up correctly so they can hold up the load. The bar will
be over the middle of the foot. The heavier the weight, the more
critical this position will be.

When the squat begins its eccentric phase, all the muscles
that will ultimately extend these joints – or in the case of the spinal
erector muscles, isometrically maintain extension under increasing
stress – come under mechanical load as they resist the leverage
along the segments on the way to the bottom position. During this
ride to the bottom, the bar must maintain its position over the mid-
foot. The correct bottom position is identified by definite anatomical
position markers:
 

The spine will be held rigid in lumbar and thoracic extension.
The bar will be directly over the middle of the foot.
The feet will be flat on the ground at the correct angle for the
stance width.
The thighs will be parallel to the feet.
The hip joint will be in a position lower than the top of the
patella.

Any deviation from this position will constitute bad technique,
as will any movement on the way down or back up that causes a
deviation from this position. And actually, if you keep the bar in the
correct vertical position over the mid-foot on the way down and back
up – as if the bar were riding in a narrow slot directly plumb to the
mid-foot – you will have done it right. Your skeleton will have solved
the problem of how to most efficiently use your muscles to get the
job of squatting done. It will have done so within the constraints
imposed upon it by the mechanics of the barbell/body/gravity
system.



The position of the bar on the torso will control the angle of
the back, and the angle of the back and the stance will control the
forward or back position of the knees. When the bar is in the front
squat position, the back will be quite vertical because this angle is
necessary to keep the bar over the mid-foot and to prevent it from
falling forward off the shoulders. When the back is this vertical, the
hips are nearly directly under the bar, a position which forces the
knees well forward in front of the toes and which the ankles must
accommodate by allowing the tibias to incline (Figure 2-33). This
means that for the front squat, the back angle will be nearly vertical,
the hip angle will be open, and the knee angle will be closed. For the
back squat, when the bar is in the position advocated here, just
below the spine of the scapula, the back will be at a much more
horizontal angle, and the knees will be at a point just in front of the
toes (depending on your anthropometry), so that the hip angle will
be more closed and the knee angle more open. A high-bar squat
would place the back and knees in the middle of these two more
useful positions.

 



Figure 2-33. Bar position ultimately determines back angle, as seen in this comparison of
the front squat and the squat. Note that the bar remains balanced over the mid-foot in each

case, and this requires that the back angle accommodate the bar position. This is the
primary factor in the differences in technique between the two styles of squatting.

Every barbell exercise that involves the feet on the floor and a
barbell supported by the body will be in its best balance, both during
the movement and at lockout, when the bar is vertically plumb to
the middle of the foot, as discussed earlier. An assistance exercise
like the barbell curl or the goodmorning intentionally moves the bar
out of line as a part of creating the resistance for the exercise.
 

Grip and arms
 

Grip errors are common even among experienced lifters. The
grip on the bar is the first part of your temporary relationship with
the barbell that is referred to as a set. If that grip is wrong, none of
the reps in that set will be optimal because the relationship of the
body to the bar is determined first by hand position on the bar. For
instance, an uncentered placement of the bar on your back results in
an asymmetrical loading of all the components under the bar – that
is, more weight on one leg, hip, and knee than on the other – as
well as a spinal shear. A careless approach to grip placement can
result in problems with heavy weights. Most people, as discussed
earlier, will need to take an even grip somewhere between the score
mark and the end of the knurl.

There is, however, an important exception to this rule: for a
trainee whose shoulders have significant differences in flexibility – as
might result from an injury – a symmetrical grip on the bar will
result in an asymmetrical bar position on the back. A tight shoulder
on the left side, for example, prevents the upper arm from assuming
the same angle as that used on the uninjured right side. The tight



shoulder thus drags the bar out toward that side, resulting in the
bar’s being off-center left and out-of-level on the back. If this is your
situation – and it might require a third party or a mirror to identify
this, since it is not always easy to feel – you will need to experiment
with your grip until you find the right position for each hand.
Centered loading of the back should be your primary concern at this
stage.

As we discussed earlier, the thumb should be placed on top of
the bar so that the wrist can be held in a straight line with the
forearm. The vast majority of people, however, will prefer to hold the
bar with a thumbs-around grip. At lighter weights, this is fine
because the load is easy to keep in place. But when heavier weights
are being used, the grip that results from thumbs-around can create
its own problems. Most people have a mental picture of the hands
holding up the weight, and this usually ends up being what happens.
The bar sits in the grip with the thumbs around the bar, the wrists
are bent back, the elbows end up directly below the weight, and
nothing really prevents the bar from sliding down the back from this
position. People who do this will eventually have sore elbows, a
horrible, headache-like soreness in the inside of the elbow that
makes them think the injury occurred doing curls. If the elbows are
underneath the weight, and the force of the weight is straight down
(the nature of gravity is sometimes inconvenient), then the wrists
and elbows will unavoidably intercept some of the weight (Figure 2-
34). With heavy weights, the loading can be quite high, and these
structures are not nearly as capable of supporting 500 pounds as the
back is.



 

Figure 2-34. Incorrect (A) and correct (B) use of the hands and arms under the bar.
Elbows should be elevated to the rear with the hands on top of the bar, not placed directly

under the bar, where they intercept part of the weight.

If the thumbs are on top of the bar, the hands can assume a
position that is straight in line with the forearms when the elbows
are raised. If you are accustomed to letting your wrists relax into
extension and letting your elbows drop, your grip might be too
narrow for your shoulder flexibility, and a slightly wider grip would
make straight wrists easier to maintain. You might also need to
actively “curl” the wrist into what will feel like flexion if you have
been passively allowing it to extend. In the correct position, the
wrist is straight, neither flexed nor extended; none of the weight is
over any part of the arm, wrist, or hand; and all of the weight is on
the back (Figure 2-34). Learn to carry all of the weight of the bar
safely on your back before your strength improves to the point
where this same weight carried in your hands – and thus on your
wrists and elbows – can become a problem.

Occasionally a person gets misled into thinking that it is okay
to put the hands out so wide on the bar that the fingers or even the
palms of the hands are in contact with the plates. Bizarre as this
sounds, you will eventually see this in the gym. As grip width



increases, upper-back muscle tightness decreases and muscular
support for the bar is diminished, as previously discussed. If the
posterior deltoids, rotator cuff muscles, traps, and rhomboids relax
due to a widened grip, the skeleton becomes the default support
structure. This is less than desirable. To add to the problem by
placing the hands on the plates – a ROTATING pair of objects at the
far end of the bar – is just silly. You must be in control of the bar,
and this means that it must be secure on your back and therefore in
your grip.

As is often the case in athletics, one problem is intimately
associated with another, and the solving of one fixes the other. A
lack of shoulder tightness and failure to keep the chest up are
related problems and must be corrected together. If your elbows
drop, your shoulders relax; if you lift your elbows, your shoulders
tighten. Likewise, lifting the chest requires a contraction of the upper
back muscles, especially the superior portion of the longissimus dorsi
complex. Lifting the chest is thoracic spinal extension, a back
movement. The act of tightening the shoulders and lifting the
elbows aids the thoracic extension muscles by helping to support the
bar at the point where it is mashing down into the back. If you do
both of these things at the same time, all the muscles under the bar
tighten. And if you do this before you take the weight of the bar
onto your back, the bar cannot sink down through loose muscle,
unsupported against the skeletal components of the shoulder. Lifting
the elbows and the chest together tightens the supporting muscles
under the bar, so do this before you let the weight bury itself in your
back.

Many people seem to be making a flat, level spot for the bar
to sit on by keeping their chest parallel to the floor. It is as if they
think that bending over into a position of spinal flexion makes the
bar less likely to roll off the back. The bar will not roll off your back if
you properly grip the bar, with your hands in the right position, and
raise your elbows. When the elbows come up and the chest comes
up, the hands are pushed forward and the bar is actually forced
forward into the back, trapped between the hands and the rack



position, so it cannot go anywhere. This jamming effect creates a
tight, secure bar position that can tolerate changes of angle,
acceleration, and deceleration.
 

Back
 

Although the squat has an undeserved, baseless reputation
for knee injury, its greatest danger is to the spine. Lower-back
injuries – usually due to form problems – are more common by far
than knee injuries, and care must be taken to prevent them. It’s not
hard to hurt your lower back, and back injuries are the most
common workplace injury, amounting to many billions of dollars per
year in treatment costs and lost productivity. Lifters are susceptible
as well, although our problems with lower-back injuries are most
often associated with activities outside the gym. We know this
because hundreds of thousands of young lifters at the mercy of
inexperienced, pigheaded coaches are permitted to lift heavy
weights with bad spinal mechanics every day, and the rate of injury
in the weight room remains low. The most dangerous movement for
the spine is flexion with rotation under a load, and we don’t do this
in barbell training – we do it when putting the lawn mower in the
back of the truck. So barbell training, even done incorrectly, is
comparatively safe. But doing it wrong is much more dangerous than
doing it correctly. Our primary concern is that doing it wrong is also
inefficient, so we’ll do it right because that ultimately allows us to lift
more weight and get stronger, and safety will be a welcome side
effect.

Understanding the role of the lower back in lifting mechanics
requires an understanding of the anatomy of the hip and leg
musculature, as well as of spinal anatomy. Remember from our
previous discussion that the spine acts as a rigid bar to transmit
moment force generated by the muscles that extend the hips and
knees. The spine is held rigid by the musculature of the trunk, and it



is moved through space by the muscles that extend the pelvis, into
which the spine is locked by the muscles of the low back.

The hamstring group consists of the biceps femoris, the
semimembranosus, and the semitendinosus, all three of which
attach to the ischial tuberosity of the pelvis. They all insert at various
points on the tibia, behind the knee on the lower leg. This
configuration means that the hamstring group crosses two joints,
the hip and the knee, and therefore technically has two functions:
the proximal function (hip extension), and the distal function (knee
flexion). The hamstrings can also act isometrically against both
attachments to control the back angle.



Figure 2-35. (A) The relationship of the bones of the lumbar spine, pelvis, femur, and
upper tibia and the actions of the muscles that move them, in profile. The squat has the

reputation of being a quadriceps exercise, but the hamstrings are also strongly developed
during the full squat. (B) The spinal erectors attach to the pelvis, ribs, and vertebrae, and
extend the spine when in contraction. This “arching” action is accomplished in conjunction
with the underlying multifidis, rotators, interspinales, and intertransversarii muscles. When

contracted, these muscles move the spine into the position shown by the arrows.



When you squat, ultimately it is hip extension – straightening out the
hip joint, their proximal function – that you produce with the
hamstrings, along with the glutes and adductors. (In reality, the
hamstrings can control hip extension, knee flexion, and back angle
while functioning eccentrically, concentrically, and isometrically; the
definitions of these functions are blurry, and are really significant
only when we isolate joints on exercise machines. The complexities
of normal movement do not lend themselves to such constructed
distinctions.)

Squatting power is generated by the hips and legs and is
transmitted up the rigid trunk segment to the load resting on the
shoulders. The spinal column is held rigid in its normal anatomical
position by the muscles of the back, sides, rib cage, and abs so that
the force can be safely transmitted through the trunk to the load.
Before you lift anything heavy, you squeeze your abs (really, you
squeeze everything in the vicinity of your abs) into contraction. This
squeezing transforms your trunk into what is essentially a rigid
cylinder that surrounds and supports the spine. The effect is that of
a hydrostatic column – an uncompressible column of fluid that is
therefore capable of transmitting compressive force – between the
contracting abdominal wall and the spine. The force of contraction
transmitted through this fluid medium braces the spine into the
position set by the back muscles until the load overcomes your
ability to stay in position. These muscles contract isometrically – that
is, they stay in contraction but cause no movement to occur – and in
doing so, they permit no movement to occur.

The pelvis articulates with the spine in the L5/S1 area of the
lower back, the area above the tailbone. The muscles of the lower
back – the erector spinae group, or “spinal erectors” – insert on the
pelvis and at numerous points along the spinal column. When these
muscles are contracted, the pelvis remains in a constant position
relative to the lumbar vertebrae. The spinal erectors and associated
lower back ligaments serve to lock the pelvis and spine into a rigid
structure – to protect the vertebral column from movement under



load and to hold all these joints in their normal anatomical positions
when you’re lifting heavy loads – so that the intervertebral discs are
not damaged. This area needs to stay arched to stay safe when
you’re lifting. And this is why the pelvis must tilt forward at the same
angle as the lower back as you lean forward.

 

Figure 2-36. Proper spinal alignment ensures the anatomically correct distribution of
forces across the intervertebral discs during loading. Improper vertebral position under load

can result in either anterior or posterior squeezing of the discs and the injuries that
accompany this bad position.

However, as the squat approaches the bottom position, the
necessary forward lean of the trunk can have a tendency to make
the lower back assume a flexed, rounded position. This tendency is
caused by the hamstring anatomy and the position of the thighs. As
squat depth increases and the torso assumes a more forward tilt,
the bottom of the pelvis (the origin point of the hamstrings) comes



under tension from the direction of the proximal tibias (the insertion
point of the hamstrings just below the knees). As the hamstrings
reach the limit of their ability to stretch, they become tighter and
begin to exert more pull on both the knees and the muscles’ pelvic
attachments. If your knees are not far enough apart, your thighs will
also crowd your torso as you approach the bottom.

There are two problems. First, your back muscles attach at
the top of your pelvis, your hamstrings attach to the bottom, and the
pelvis can pivot around the hips. So both the lower back muscles
and the hamstrings can cause pelvic movement around the hip
joints. The back muscles and the hamstrings are thus competing for
control of your pelvis, and the back muscles must win if your spine is
to stay efficiently rigid and safe. Second, if the femurs are too close
together as you approach the bottom, there is not enough space
between them for the torso to drop down low enough for a deep
squat. The key is to position the femurs, the pelvis, and the low back
so that the erectors and the hamstrings complement each other’s
function.

By shoving the knees out as you squat, while locking the
spine into extension, you remove the tendency for the lower back to
round. Shoving them out as you unlock at the top places the femurs
in external rotation, and then the muscles that perform external
rotation just keep the femurs in this position on the way down and
up. The muscles that are stretched out when externally rotated then
become active in the squat. If the knees are shoved out of the way,
hamstring extensibility plays a minor role in the ability to assume a
deep squat position. Since the hamstrings do not stretch out that
much, most people are flexible enough to squat below parallel if
they do it correctly.

Usually, the biggest problem with back position is the trainee’s
inability to identify which position the lower back is in. A lack of
kinesthetic sense – the ability to identify the position of the body or
a body part in spatial relation to the ground or the rest of the body –
is very common. Some people have absolutely no idea that their
lower back is rounded at the bottom of the squat, or that it is arched



correctly at the top of the squat, or have any idea at all of what
position their back is in. They cannot tell an upper-back arch from a
lower-back arch, and the line between upper and lower seems to be
blurred. If you ask someone with this problem to arch his lower
back, he lifts his chest, or bends over from the waist, or performs a
number of other interesting movements that have nothing to do with
lumbar extension. Many people with inflexible hamstrings exhibit this
problem, but not much hamstring flexibility is actually required to
squat correctly, and many perfectly flexible people cannot assume a
position of lumbar extension and hold it through a squat. Some
people – mostly female, as a general rule – can place the lumbar
spine into a position of overextension, and this is bad, too, perhaps
potentially more dangerous than loaded lumbar flexion.

 

Figure 2-37. Lumbar overextension (female model) is not the correct back position to use
in the squat. It indicates a failure to engage enough abdominal contraction to support the

spine from the anterior.

This occurs when you fail to use your abs to provide the anterior
support necessary to counter the extension provided by the erectors.
But this overextension is far less common than the simple inability to
maintain lumbar extension against a heavy load in the squat or



deadlift. As it turns out, if you can’t make a voluntary concentric
contraction of the lumbar erectors – the movement commonly
understood as arching the lower back – then you have no voluntary
way to keep the lower back in extension when this position gets
hard to maintain. Please read this again, and understand this point:
an overextended lumbar spine is not the position you use to
squat. But if you can’t voluntarily arch your lower back, you
can’t control the erectors well enough to keep the spine
from flexing at the bottom of the squat or the start of a
deadlift or clean.

 

Figure 2-38. The easiest way for a coach to identify spinal extension – arching the back –
is to look for wrinkles that appear in the cloth of the shirt as the top and bottom of the back

get closer together.

The key to learning the correct position for the lower back is
to assume a position that is correct, and then memorize the way it
feels so that you can reproduce it every time. The best way to do
this is to lie down on your belly on the floor, put your hands behind
your head, lift your elbows, and raise your chest up off of the floor.
This is how it feels to produce a thoracic, or upper back, extension.
We want to train the lower back, so lie back down, straighten your
knees, and then lift your knees up off the floor. To increase the
sensation, try to get your quads off the floor, too. (Don’t push your
toes down into the floor to lift the knees up.) When you do this
movement correctly, you’ll be using your glutes, your hamstrings,
and most important, your lower back muscles. This is how it feels to



have your lower back in contraction. Feel this arch. Relax and do it
again. By placing your back in a position where you have to contract
your spinal erectors repeatedly, without trying to do anything else at
the same time, you can embed this new movement pattern quickly
and easily, without having to try to distinguish it from the other
elements within an unfamiliar movement. A set of 10–15 reps causes
a burn in these muscles, and when you stand up, you can feel the
muscles quite well, the movement pattern is fresh on the mind, and
you can then duplicate the movement that caused the burn.



Figure 2-39. Top to bottom, The progression from identifying the lower-back arch while
lying on the ground, the same arch while standing, the same arch as the bottom position is

assumed, and the arch at the start position of the pull.



Assume this arched position again immediately while
standing, and repeat it several times. Now, just to be sure, unlock
your knees and hips to about a half-squat position and see if you can
still perform this lumbar extension. Since you can now identify the
correct back position, you should be able to keep your back arched
through the whole squat if you keep your knees out of the way.
 

Hips
 

The squat is an important exercise because of the intricate
interplay between the skeletal and muscular components of the
kinetic chain of the movement. The feet against the floor, the lower
legs, the thighs, the hips, and the spine supporting the bar are
woven together and controlled by a web of anterior and posterior
muscles and connective tissues that continually adjust their positions
relative to the balance point over the mid-foot. Several of these
muscular components – the gastrocs, the hamstrings, and the rectus
femoris – cross two joints. The roles of these muscles are especially
complex, as they operate against both proximal and distal
attachments at the same time, providing the fine adjustments
necessary for the production of force in the context of balance.

“Hip drive” is the term used for this complex interplay as it
relates to the pelvis. The hips provide the power out of the bottom
as the glutes, adductors, and hamstrings start opening the hip
angle. As you rise above parallel, the quads assume a larger role in
the upward drive as the hamstrings anchor the back angle. At the
top, the glutes, adductors, hamstrings, and quads finish their
simultaneous extension of the hips and knees.

Knees and hips are tied together conceptually, as well as by
the femurs. If your knees are too far forward, your hips are, too.
And if your hips are too far forward and your knees are too far
forward, either you are off-balance forward or your back angle is too
vertical, the hip angle is too open, the knee angle is too closed, and
you can’t drive up out of the bottom. Hip drive is the basis for



squatting power, and even though it is anatomically complex, hip
drive can be learned easily and quickly.

Look carefully at Figure 2-40. As you assume the bottom
position, imagine a hand placed on your sacrum, right at the base of
the spine, and imagine pushing this hand straight up in the air with
your butt. This is as clear a picture of the process of driving the hips
up as can be drawn. If you have a training partner, revisit the hip
drive lesson from the first part of the chapter: get him to place his
hand as shown in the picture and provide some resistance to your
hip drive so that you can feel the effect. (This is also a good time to
refresh your head/eye-position lesson. Look both down and up at
the ceiling while driving against the hand, and see which direction
you prefer. Twenty bucks says it’s down.) There is only a subtle
difference in appearance between good strong hip drive and a squat
that lacks this, but you will be able to feel the power of this
technique the first time you do it correctly.

Figure 2-40. Learning hip drive with the aid of a coach.

A common error is the tendency for some lifters to drive the
hips forward instead of upward (Figure 2-41). If your hips go



forward, your knees will too, causing the weight to shift forward to
the toes. This shift is bad for power because anytime the knee angle
closes, the hamstrings have shortened from the distal end, and a
slack muscle is not a source of contractile power. If the rebound out
of the bottom depends on hamstring and adductor tightness, then
any relaxation of tension in these muscles represents a loss in stored
elastic energy, not to mention a loss in the ability to contract and
generate force.

 

Figure 2-41. Driving the chest up instead of the hips kills hamstring tension in the middle
of the squat. The closed knee and open hip angles at right shorten the distance between

hamstring origin and insertion, removing much of the hamstrings’ contribution to hip drive.

Likewise, it is common to see the hips shift backwards instead
of straight up out of the bottom. When this happens, the back angle
will have become more horizontal, the hip angle more closed, and
the knee angle more open, all in the absence of upward movement
of the bar. This means that the hamstrings have not done their job
of anchoring the back angle at their proximal attachments on the
pelvis, the knee angle has opened because the gastrocnemius failed
to anchor it, and the quads can’t contract the already opened knee
(Figure 2-42).



 

Figure 2-42. Allowing the back angle to go horizontal on the way up from the bottom
produces bad mechanics and inefficient use of the hip and leg musculature.

As we will see often, form errors in many exercises represent the
loss of the ability to generate force due to a loss in the position
required for force production. Your best power is achieved when
your hips continue straight up out of the bottom, with your tibias,
anchored by your gastrocs, serving as anchors for your hamstrings;
your glutes and external rotators holding your femurs out; your
hamstrings, glutes, and adductors contracting against the pelvis to
produce hip extension against a constant back angle; your quads
producing knee extension; and then your knees and hips locking out
simultaneously at the top. Let’s examine the role of these muscles
and skeletal components in detail.

Squat depth has been emphasized since the beginning of this
chapter, so let’s begin our analysis of hip function with its
relationship to squat depth. When we squat, the standard range-of-
motion criterion for the exercise is “below parallel,” defined as the
hip joint (identified at the apex of the hip angle, the “corner” in your
shorts over the hip) as it drops below the knee (identified as the top
of the patella). Most people who have trouble with the squat are
having trouble getting good depth while preventing their low back



from rounding. Pretty much anybody can get deep if they allow the
lumbar spine to relax into flexion. But almost every single human
being on this planet can squat below parallel with pretty good
lumbar extension if their stance is correct and if they simply shove
their knees out to the sides as they squat. At the bottom of the
squat, a type of impingement – a trapping of soft tissue between
two bones – occurs, and it is relieved by shoving out the knees. This
simple skeletal-position adjustment allows for a below-parallel squat,
and at the same time, a drastic improvement occurs in the way the
hips function.

Most people think that the main problem with squat depth is
hamstring extensibility, more commonly referred to as “flexibility” –
the ability of the hamstrings to lengthen as the depth of the squat
increases. This is not really the case, and loose, elastic hamstrings
are not the key to a deep squat. Optimal skeletal mechanics is.

If you stand with your heels at shoulder width apart and point
your toes out at about 30 degrees, squat down, and keep your
thighs parallel to your feet, then as your hip angle closes and your
thighs approach your torso, your femurs will track to a position that
is outside of the anterior superior iliac spine (ASIS), the “hip pointer”
that you feel right below your waistline. But if you point your toes
straight forward and let your knees follow your toes, or even if you
point your toes out but still let your knees cave in toward the middle
when you squat, then your femurs will approach the ASIS as you
approach the bottom of the squat. So as your thighs crowd your hip
pointers, they tend to trap any soft tissue or muscles that may be in
the area in between, making it harder to go deep. (See Figure 2-43.)



 

Figure 2-43. Hip impingement (A, left two panels), the primary factor limiting squat depth.
Note that impingement does not occur in B (right panels). This contradicts the conventional

wisdom of the hamstring-flexibility theory of squat depth, and it pleases us to do so.

Squat depth is a function of hip angle, the angle formed
between the generalized plane of the torso and the femur. If you try
to drop down to get better depth without adjusting the position of
your femurs, you’ll get depth at the expense of a rounded lower



back because the hip angle cannot become more closed if the
femurs are impinged. The pelvis is supposed to be locked in line with
the lumbar vertebrae and held rigid by the erector spinae muscles. If
the pelvis can’t tilt forward to maintain this position because it rams
into an obstruction, the only way to keep going deeper is to round
the low back. Everybody, big belly or not, will experience this
phenomenon to one degree or another, so if you’re having depth
problems, shoving the knees out fixes these problems so often that
it is a waste of time to do anything else first.

Most people won’t do the job of keeping their knees out
unless they’re coached; the knees want to track more medially
because of the tension felt on the inside of the femurs. This tension
is produced by the adductors – the groin muscles. These five
muscles (the adductor magnus, adductor brevis, adductor longus,
pectineus, and gracilis) attach at various points along the medial and
posterior aspects of the femur, and on the ischium and pubis of the
pelvis. Tension is produced between these two bones as you squat
down and keep your knees out; this is an eccentric action for these
muscles because they lengthen on the way down – if the femurs
maintain their position parallel to the feet. As you come up out of
the squat and the hip angle opens up, the distance between the
inside of the femur and the medial pelvis shortens, so the concentric
action of the adductor muscles thus produces hip extension. (See
Figure 2-44).

Visualize the function of the adductors by imagining a point at
the end of the inside of your thigh down by your knee, and another
point on your “seat bone,” under your butt and behind your crotch.
These points represent the attachments of the adductor magnus.
Your spinal erector muscles lock your back in extension and lock
your pelvis in line with your back, so as you squat down and make
your back more horizontal, your seat bones rotate back and away
from your knees. If your knees stay in position, pointed in the same
direction as your feet – out at about 30 degrees – the distance
between the point on the inside of your thigh and your seat bone
increases. And if this distance increases as you go down and
decreases as you come up, the muscles that get longer on the way



down make the “up” part happen as they get shorter. This is how
the adductor muscles function in a correctly performed squat and
why they are considered hip extensors, along with the glutes and
hamstrings, as part of the posterior chain.

Since the adductors tend to pull the knees in, what keeps
them out when you use your hips correctly? If ad-duction of the
thighs means pulling the distal end of the femurs (the knees) toward
the midline of the body, it seems like ab-duction would be the
movement used to keep the knees out, and that the abductors
would be the muscles that did this. But the abductors consist of only
the tensor fascia latae (TFL, a small muscle that connects the hip at
the anterior iliac crest to the lower leg), the gluteus medius, and the
gluteus minimus. Together they create hip abduction if you raise
your leg out to the side, away from your body. Since nobody actually
does this, except to demonstrate the definition of abduction in
biomechanics class, this is probably not what is going on when we
squat.

External rotation occurs when you make your right femur
rotate clockwise and your left femur rotate counterclockwise, as
when you stand up and pivot on your heels to rotate your toes away
from each other. There are at least nine muscles that perform this
function: the gluteus medius, minimus, and maximus, the adductor
minimus, the quadratus femoris, the inferior gemellus, the obturator
internus, the superior gemellus, and the piriformis. (Notice that the
external rotators include two of the abductor muscles.) External
rotation is critical to stabilizing gait mechanics through the stride. As
it relates to our analysis, the action of rotating the femurs out is
what actually occurs when you shove your knees out on the way
down to the bottom of the squat. Prove this to yourself by sitting in
a chair and rotating your femurs the same way you would if you
were standing up and pivoting on your heels to point your toes out.
Using the external rotators to set the knees in a position parallel to
the feet makes all kinds of sense when you consider that they are in
an effective position to do it and the TFL is not. So shoving the
knees out at the top of the squat, and keeping them there so that
the adductors can do their job, is accomplished by the muscles that



rotate the hips externally. These muscles anchor the thigh position
that allows for both good squat depth and the more effective use of
all the muscles of the hips.



Figure 2-44. (A) Adductor anatomy of the right thigh. (B, C) Deep external rotator
anatomy of right thigh.



When you intentionally shove your knees to the outside as
you come down into the bottom of the squat, not only do you get
the femurs away from the ASIS and the gut, but you also allow the
adductors to stretch tighter and position themselves to more
effectively contract as they reach the limit of their extensibility. A
tight, stretched muscle contracts harder than a looser, shorter
muscle does because the stretch tells the neuromuscular system that
a contraction is about to follow. A more efficient firing of more
contractile units always happens when preceded by a stretch. This
stretch reflex is an integral part of all explosive muscle contraction,
and better athletes are very good at making it happen. Test this by
trying to do a vertical jump without any drop before the jump; you
will find this virtually impossible to do because the stretch reflex is
such an integral part of the sequence of any explosive muscular
contraction. When we squat, the hips’ external rotators position the
femurs so that the adductors and the external rotators themselves
can participate with the hamstrings in the bounce, and the whole hip
musculature can contribute to squatting efficiency – if you shove
your knees out.

The bounce you feel when you stretch out the hamstrings,
glutes, and adductors at the bottom of the squat is not due to knee
ligament tightness or rebound. The correctly performed squat is an
ACL/PCL-neutral event. You bounce off of the stretched and
tightened components of the posterior chain and the now correctly
loaded quadriceps, and it is absolutely safe for the knees.

Your timing here is important. If the bounce is used correctly,
it will be immediately followed by a hard drive up of the hips. It is
important that the bounce is not followed by a pause and then a
drive up. The bounce must be incorporated into the drive – it must
be anticipated as the first part of the drive. Think about the “up”
drive all the way down during the descent. Don’t think about going
down while you’re going down – think about coming up the whole
time. Doing this will reduce the tendency to separate the drive from
the bounce, because the drive is being anticipated even before the
bounce occurs. The timing of your descent and rebound is critical to
the performance of good squats. Bounce occurs optimally at the



correct speed of descent. If your descent is too fast, the bounce will
be less effective, and much less safe, because the only way to drop
too fast is to relax something. Muscles tightened in the squat
descent store elastic energy; tight muscles also keep your back,
hips, and knees in the correct, safe positions. If you are loose
enough to drop into the bottom of the squat much faster than you
can come up, you need to tighten up more – and it may help to
think of this as slowing – on the way down. A loose descent can
allow joints to be jammed into positions they should not occupy, and
this is how most people get hurt squatting: getting out of good
position by going down so fast that they cannot maintain proper
technique. This may be how squats got an undeserved bad
reputation. Don’t contribute to the problem by dive-bombing into the
bottom.

The limit of the adductors’ and hamstrings’ extensibility will
almost always be below parallel, as defined earlier. The hamstrings’
length does not change that much anyway, since the knees and hips
come into flexion together during the descent. Tension builds on the
isometrically tight hamstrings as they approach the bottom; in this
way, they control the back angle and contribute to the stretch reflex
effect as the rebound occurs. A few people lack sufficient
extensibility in the posterior chain muscles, and some people have
tight joint capsule ligaments, but not nearly as many people need
stretching out as merely need the correct stance, the correct knee
position outside the ASIS, and a loud reminder to keep their knees
out. The weighted squat has few superiors in the realm of things
that go stretch, anyway, and what little stretching is actually needed
can usually be done within a few sets of weighted squats that
incorporate a correct knees-out descent.

Our previous discussion of low-back position can now be
understood in a more complete context. A developed kinesthetic
sense of spinal position is necessary for efficient force transfer and
for effective athletic performance in general. Relying on ligament
tension and general trunk tightness is fine with very light weights,
but is really a handicap at work-set loads. If the lumbar spine and
the pelvis do not stay perfectly rigid in what can be called “pelvic



lock,” force transfer is not as efficient up the spine, and posterior
chain rebound is soft because of the less-than-efficient relationship
that a loose lumbar spine has with the pelvis and the muscles
attached to it. Rigid lumbar extension places the pelvis at a better
angle to tighten the hamstrings at the bottom, making a more
efficient rebound possible because force isn’t being absorbed by a
loose lumbar spine. And the hamstrings produce a more efficient
stretch reflex with a rigid lumbar spine at the back angle used in the
low-bar squat. Think of it this way: there is a war between the
erectors and the hamstrings over control of the pelvis, and the
erectors have to win if the back is to stay rigid and the hamstrings
are to be used effectively.

If you do not know how to contract your erector muscles in
order to arch your lower back, with no tension from the hamstrings
interfering, this means that you do not know how to assume this
position voluntarily. You do not have the kinesthetic sense to know
when the arch is there and when it isn’t, and you can’t put your back
in this position at the bottom of a deadlift or keep it there at the
bottom of a squat when hamstring tension is at its highest. If this is
you, make it a priority to learn how to control your lower back
position.

To recap: The complete concept of the correct use of the hips
in the squat is best understood as the use of both an actively locked
lumbar extension and actively shoved-out knees, resulting in a
below-parallel squat that incorporates a stretch reflex, using all the
muscles of the posterior chain in the most optimal way possible. This
movement pattern gets the thighs out of the way of the pelvis so
that good depth can be more easily obtained. At the same time, it
makes the squat stronger because the active use of the external
rotators holds the femurs in a position that enables both the external
rotators and the adductors to contribute to hip extension. This hip
extension produces a more effective use of more muscles over a
wider range of motion.
 

Knees



 
In a correct back squat of the style advocated here, there is

one correct place for the knees: directly in line with the feet so that
the femurs and the feet are parallel. This position will, for most
people, be slightly out in front of the toes, with the exact distance
being determined by the anthropometry of the individual. This
basically means that the femur and the foot should be in a straight
line as seen from directly above, so there is no twisting of the knee.
Depending on your femur, tibia, and trunk dimensions, your knees
could be anywhere from very slightly behind your toes, with short
femurs and long tibias, to 3 or 4 inches in front of the toes, with
long femurs and short tibias.

Figure 2-45. The differences that anthropometry can produce in the appearance of the
bottom position of the squat. Both are correct, but both are different due to variations in

leg and trunk length.

Since your knees will be directly in line with your toes, the angle of
your feet in your stance will determine the angle of the knees as
well. As shown in Figure 2-12, an angle of about 30 degrees out



from the perpendicular works for most people, although this varies
as well. This angle allows the hips to function as discussed above.

By far, the two most common knee errors are 1) knees caved
in too much, and 2) knees too far forward, either early in the
descent or at the bottom. It is actually unusual to see novices not
make one or both of these errors the first time they squat. Both
errors are related to hip function and positional awareness.

If you allow your knees to come together at any time during
the squat, you dilute the function of the muscles both medial and
lateral to the femurs. But this problem cannot be corrected if it is not
identified. When you squat, look down even more than usual, to a
point on the floor right between your toes, where you can clearly
see your knees, and check your position. If your knees move toward
each other at any point during the squat, shove them out. You will
probably have to exaggerate this shoving-out in order for it to put
your knees in the correct position, since you thought they were in
the right position when they were coming in. When you get them
back out to parallel with your feet and keep them there for a couple
of sets, you will notice later that your adductors, and perhaps your
most lateral glutes, get sore. From our previous discussion, you
know why.



Figure 2-46. (A) The knees-in position most people will assume unless coached to do
otherwise. (B) The way to coach knees-out.

Letting your knees travel too far forward presents a different
challenge. The problem with this position is not so much that it
destroys the knees (although it is not particularly good for them),
but that it has a detrimental effect on hip drive out of the bottom. A
knees-forward position produces a more acute knee angle, and the
resultant distally shortened hamstrings have less room to contract
from the other end. When the hamstrings are already contracted,
their contribution to hip extension is much less efficient than it would
be with longer, stretched-out hamstrings. It also means that there is
more moment force against the ankle/mid-foot balance point
because of the more horizontal angle of the tibia. The obvious
consequence of this difference in hamstring utilization and lower-leg
mechanics is that less weight can be used. This is what happens in
the front squat.

To maintain the vertical back angle required by the bar
position, you must close the knee angle and open the hip angle; the
front squat therefore involves inherently shorter hamstrings in the
bottom position. A primary difference between the front squat and
the squat is that the knees drive forward in the front squat. And if
the knee angle gets too closed, some of the knee problems inherent
in the front squat – the impingement of the posterior aspect of the
meniscal cartilages between the acutely squeezed femoral and tibial



condyles – start to show up where they shouldn’t. The cause of this
knee-position error is often an incorrect understanding of where the
back should be in the squat.

If your concept of the low-bar back squat involves a mental
image of your doing the movement with your back in a vertical
position, your perception of what you’re supposed to be doing is
wrong, and it will cause your knees to be too far forward. If your
torso is too vertical, your knees will be forced forward to maintain
the bar/mid-foot balance position. The layman’s advice to “lift with
your legs, not your back” might be part of the problem because
most people interpret this advice as involving a vertical torso and the
legs pushing the floor.

Figure 2-47. Quite often, the mental image of the squat involves a vertical torso like a
front squat, a position that kills posterior chain involvement. The correct back angle is

horizontal enough that efficient hip-drive mechanics are used, and this back angle
awareness involves the correct mental image of where your torso actually is during the

squat. Don’t be afraid to lean over, sit back, and shove your knees out.

The saying should be “lift with your hips, not your back,” because
“lifting with your back” is what happens when you bend over to pick



something up and round your spine into flexion. Leaning over is a
normal part of the squat; it is required if the bar is to remain in
balance over your mid-foot. The correct mental picture, discussed
below, usually fixes this problem.

If it doesn’t, there are other things that can get the knees
back. If the weight is on the heels during the squat, the knees can’t
be too far forward. Think about your heels, and how it feels to have
your weight balanced on them. Assume your squat stance, pick up
your toes, and rock back onto your heels. Once your weight is on
your heels, shove your knees out and squat. When you squat from
the heels, your knees stay back, and if you stay in balance, your
back angle will have adjusted to a more horizontal position as well.
Now, you will not be able to continue to squat on your heels because
this is also an unbalanced position. But after three or four reps, this
trick will have done its job and you will have settled into the middle
of your feet with your knees in the correct position, not too far out
over the toes. This position will feel balanced and strong, and done
correctly a few times, it will be the one you favor from then on.

A different problem, often encountered in more advanced
trainees, is the tendency to let the knees slide forward as the bottom
approaches. This problem usually develops over time, and the
embedded movement pattern can be hard to fix if you let it go
uncorrected too long. And it is potentially complicated. If your knees
move forward at the bottom of the squat, you may have relaxed
your quads, which hold the knees open; the closed knee angle in
turn shortens the hamstrings, which then are slacked distally and
therefore cannot be used effectively for proximal hip extension.
Quads maintain the knee angle, which in turn anchors the
hamstrings as they tighten with greater squat depth and a more
closed hip angle so that they can extend the hips on the way up. Or
you may have relaxed the hamstrings’ tension on the tibias,
dorsiflexed your ankles, and shifted forward to your toes from the
bottom. The soleus anchors the knee angle from the distal end, and
the gastrocnemius adds to this effect by crossing the knee joint to
the distal femur, to anchor the knee to the ankle. The squat is
essentially an interaction with the ground and your balance point



over the mid-foot. All these muscles, if relaxed at the bottom of the
squat, have to be retightened to be used effectively, and this is hard
to do from what are now terribly inefficient skeletal positions.



Figure 2-48. If the knee slides forward – note the partial squat and the inclination of the
tibia – the increased pull from the knee develops high tension against the attachments on

the pelvis. This can cause an interesting type of tendinitis.

The fact is that most people don’t like to maintain tension in
the quads, the calves, and the posterior chain as they approach the
bottom of the squat. It is indeed a lot of work to maintain tension in
these components as the angles become more closed, the muscles
reach the end of their ability to extend, and the tendons become
stretched and tight. Tempting as it may be to relax forward, doing so
is obviously inefficient because it eliminates the possibility of storing
elastic energy in the extensible components as they stretch out and
get nearer to the point of activating the stretch reflex as the
direction of the movement reverses. Relaxing forward also increases
the risk of injury because low-back relaxation often comes along for
the ride.



Figure 2-49. The relationship of the quads, hamstrings, and gastrocs at the bottom of the
squat. All work together to maintain the knee angle, and letting the knees slide forward

indicates a failure in this relationship.



The answer is to learn to squat with the knees in the proper
place and to move them correctly during the descent. If the knees
are moving out as the femurs externally rotate, their forward travel
will be limited to that which is normal for your anthropometry in a
correct squat, where all of the forward knee travel occurs in the first
third or half of the descent. After that, the knees just stay in place
and the hips account for the rest of the movement. So, from the
very top, shove the knees forward and out to the place where they
will end up, just in front of the toes, and stop them there; the rest of
the descent will consist of the hips moving back and down. Make
two movements out of this for a couple of reps, and then reduce this
sequence to a smooth single motion (Figure 2-50). A useful way to
learn this is to place a block of wood in front of your knees, as
illustrated in Figure 2-51.

    

Figure 2-50. Note that the knees, once they move forward to their position over the toes,
do not move during the remainder of the squat until the ascent carries them back up to this

point.



   

Figure 2-51. A terribly useful block of wood. Touch the block, but don’t knock it over.

In order for this knee-control technique to work, you’ll need
to actually look down at your knees so that you’ll know what they
are doing in response to your direction. In your squat stance, at the
top with the bar in position on your back, look straight down at a
point on the floor between your toes. You will see a picture of your
knees relative to your feet, and the movement of your knees relative
to your toes will be apparent as you descend. Look at your knees all
the way down and back up a couple of times with the empty bar.
You will need to practice this because it will seem awkward at first.
But as you watch your knees change position through the movement
and as the sets get heavier, you will see exactly what the problems
are and you will have immediate feedback on what you need to do
to correct them. If your concept of the squat is correct, this
technique is the best way to fix your knee problems.
 

Feet and stance
 

As previously noted, the interaction with the feet against the
floor is central to the entire concept of the squat. The middle of the
feet is the point of balance against the floor, and the bar must
remain directly above this point for the system to be in balance.
Remember that in our recommended stance, the heels are about



shoulder width apart, with the toes pointed out at about 30 degrees.
Stance is a highly individual thing and will vary with hip width, hip
ligament tightness, femur and tibia length and proportion, adductor
and hamstring flexibility, knee joint alignment, and ankle flexibility.
Everybody’s stance will be slightly different, but shoulder-width
heels, with toes at 30 degrees, is a good place to start.

As noted earlier, stance width will influence knee position. For
example, if you are tall with very long femurs and relatively narrow
shoulders, you need a wider stance than is usually recommended. If
you have a long torso and short legs (not that uncommon a body
type), you will need a bit narrower stance than our rule of thumb
would predict. Sometimes the foot angle needs to be adjusted for
individual situations: if you are pigeon-toed, your foot angle will
need to be slightly more forward-pointing than our model
recommends, or more commonly, in the case of out-toeing, the feet
will need to be pointed out more. These corrections are necessary to
keep the correct neutral relationship between the femur and the
tibia so that no twisting occurs in the capsular, medial, and lateral
ligaments of the knee. Expect a closer stance to place the knees
more forward relative to the toes, and a wider stance to place them
farther back (see Figure 2-52). But again, shoulder-width heels
produces the best effect for general strength training.

 

Figure 2-52. The relationship between stance width, stance angle, and knee angle. The
wider the stance, the more the toes point out, due to the changing angle of the femurs at
the pelvis as width increases. The feet keep the tibias rotated in line with the femurs – and
keep the stress off the knees – by changing their angle to accommodate the rotation. As



explained on earlier, the moment arm along the femur is calculated from the position of the
bar over midfoot. The knee “sees” the moment arm from knee to bar and the hip “sees” the

moment arm from hip to bar. (M.A. = moment arm)

A narrow-stance squat, such as that frequently pictured in the
muscle magazines, develops an aesthetically pleasing set of quads.
But since we plan to use the rest of the hip musculature, too, it
seems unwise to omit it from the training program. It is very difficult
for people of normal flexibility to get deep enough with a narrow
stance, so the hamstrings are never engaged as fully as they would
be with a more generalized wider stance. Also, the narrow stance
does not involve the groin muscles, as discussed earlier. For this
reason, it can be useful in the event of a groin injury and can be
used for several weeks while the adductors are healing. If used all
the time, however, narrow-stance squatting predisposes you to a
groin injury due to the lack of conditioning for these muscles.

One occasionally sees powerlifters squatting with a wide
stance and their toes pointing almost forward. Some really strong
powerlifters do this to increase the joint tightness and resultant
rebound obtained by placing an additional twist on the knee and hip
ligaments. Some of the others do it because they are merely copying
what they’ve seen the strong guys do. This is a practice best left to
very experienced powerlifters. For you, it will be very important to
have all the bones of the legs and hips in the best position to
generate force without causing tendon and ligament problems. Here
is a way to see this relationship: sit in a chair with your knees
slightly bent and your feet out in front of you, without pushing hard
on the floor. Put your legs together, and note that your toes are
pointing straight forward. Spread them out wide and note that your
toes are pointing out. In both positions, your feet naturally assume a
position parallel to your femurs, and your knees are in an
anatomically neutral position, with no twisting (Figure 2-52). As your
knees point out, your toes point out. The wider the knees, the more
the toes point out. As the knees widen, the femurs rotate externally,
the tibias follow to keep the knee ligaments in their normal



anatomical position, and the toes point out more because they are
attached to the end of the tibias. This anatomical relationship must
be understood and respected so that avoidable knee injuries don’t
happen.

The practice of placing a block or a 2x4 under the heels is
common. Most gyms keep one lying around somewhere. People use
the block to make the full squat position easier to reach, and
understanding why this works is necessary for understanding why
you should not do it. A block under the heels tilts the shins forward
by lifting the ankles and allowing the knees to move forward without
stretching the ankle joints. This shin angle closes the knee angle and
causes the hamstrings’ attachment point on the back of the tibia to
move closer to their origin on the pelvis, loosening the muscle a little
and thus decreasing the amount of stretch necessary to get to full
depth. Weightlifting shoes with a heel height of between ½ and ¾
inches provide a little lift that helps tilt the shins enough to involve
the quads a little more, but a heel height of 1½ to 2 inches is as bad
as a 2x4. If you are having “flexibility” problems severe enough that
you need a block under your heels in order to squat deep, your
problem is most likely your stance and your knee position, as
discussed earlier.
 

The Master Cue
 

There is an important mental trick that you can use to fix
most things wrong with the bar path in the squat and all the
resultant errors made by the body. The trick is amazingly simple,
and it corrects a wide variety of technique problems, from knees to
back angle, from air under the heels to a wobbly bar path. This trick
is simply keeping the barbell over the mid-foot by thinking about
doing so.

The case for barbell training was built around the idea of
balance by observing that the most efficient form to use was that
which keeps the bar in a vertical relationship with the middle of the



foot. If you do this, the back angle will be determined by the
position of the bar on the back. Furthermore, if you keep your spine
rigid, and the bar travels up and down in the imaginary slot directly
above the mid-foot, then the knees, hips, and ankles will do what
they must do to maintain this vertical relationship, and the body will
solve all the problems associated with doing so at a level beneath
any requirement for micromanagement. In a similar fashion, if you
make the bar path vertical when you are deadlifting, the
biomechanics of the pull will be correct because the task of making
the path vertical causes you to solve the problem with your “body,”
not your “brain.” This concept is an example of a bar cue, which
enables the body itself to sort out complex motor problems by
jumping past the analysis to the result. You have been solving
movement problems your whole life, and if you’re a natural athlete,
you’ve been doing it well. By giving the body a general task instead
of a specific one, you move your brain out of the way and allow your
accumulated motor skills to solve the problem. If you command the
bar to move in a vertical line, it will do so, and you will move your
back, thighs, and shins in a way that makes it do so without your
having to analyze the exact problem.

For the squat, you do this by constructing a mental image of
an actual slot in the air for the bar to travel within. Visualize this
narrow slot over the mid-foot, extending up into the air above you.
Then visualize the bar traveling within this slot. An amazing thing
then happens: it does. With varying degrees of precision based on
your visualization skills, the bar will tend to line up vertically with the
balance point because your knees and hips will have done the things
needed to make it happen. And your visualization skills are just as
trainable as everything else. This trick is a useful tool for all the pulls
from the floor and for the press because the mechanics of balance
and bar path are the same.
 



Figure 2-53. The Master Cue.

Breathing
 

Much controversy exists about breathing patterns during
exercise. It is thought by some that “inhaling on the way down and
exhaling on the way up” is a good way to lower the peak blood
pressure during the rep and thereby eliminate the possibility of
cerebrovascular accidents occurring during exercise. Such advice
reveals a misunderstanding of the mechanisms involved, overrates
the likelihood of an exercise-related cerebrovascular injury (a
breathtakingly uncommon event), and underrates the likelihood of
an orthopedic injury, an all-too-common occurrence. If we are to put
this controversy to rest, it behooves us to understand the function of
the Valsalva maneuver during the squat. The Valsalva maneuver is
the proper term for holding the breath against a closed glottis while
pressure is applied by the abdominal and thoracic muscles.



If your car runs out of gas in an intersection, and you have to
push it out of the way or get killed, you will open your car door, put
your shoulder on the door frame, take a great big breath, and push
the car. You will probably not exhale except to take another quick
breath until the car and you are out of the way. Furthermore, you
will not even think about this because the many millions of years
your ancestors have spent pushing on heavy things have taught your
central nervous system the correct way to breathe while pushing. Or
you might find yourself grunting aloud during the effort, a
vocalization produced by a marked restriction in the airway at the
glottis; this restriction produces a similar increase in pressure during
the partial exhalation. This is perhaps the origin of the “kiyah” in
martial arts, the vocalization that allows for an increased focus of
power at the instant of the striking of a blow.

When you inhale, your diaphragm contracts and the volume
of your thoracic cavity increases. As air flows into your now larger
lungs, pressure equalizes between the outside and the inside. When
you clamp down to hold your breath and tighten your trunk muscles,
you create a pressure gradient between the inside and the outside.
This pressure increases markedly with the intensity of the squeeze.
Since your thoracic and abdominal cavities are separated by only
your diaphragm, abdominal pressure increases, too. The spinal
vertebrae are being held in the correct anatomical position by your
back musculature. This correct position is reinforced by static
pressure transmitted to the spine across the essentially non-
compressible contents of the abdominal cavity (Figure 2-54).
Pressure in your abdominal and thoracic cavities is therefore
transmitted to your spine from the anterior and lateral directions,
and the spinal erectors are generating pressure from the posterior.
When pressure in the thoracic cavity increases with a big held
breath, and this pressure is increased by the tightening of the abs
and obliques, support develops for the spine as if a rigid cylinder
were surrounding the spinal column. A weightlifting belt adds to this
effect, its main function being to add support to the cylinder from
the front and sides, rather than to apply pressure from the back.



Figure 2-54. The combined effects of increased lung (intra-thoracic) pressure, intra-
abdominal pressure produced by abdominal muscle contraction, and spinal erector

contraction on spinal stability during loading. The Valsalva maneuver increases the ability to
produce this pressure and stability. Exhalation during heavy efforts prevents the

development of sufficient pressure to stabilize the spine. Best is a big, held breath during a
heavy effort.

The conventional wisdom is that this thoracic and abdominal
pressure is also being applied to the cardiovascular system
embedded in the trunk, that the increase in pressure is being
transmitted up the vascular column to the head, and that this
increase in pressure has the potential to cause a cerebrovascular
accident (CVA), such as a stroke or a blown aneurysm.



This assumption ignores several facts, most important among
them the fact that for pressure across a membrane to breach it,
there must be a pressure gradient, a difference in the pressure on
either side of the membrane, or movement cannot occur. When we
use the Valsalva maneuver while lifting weights, the whole system is
pressured up so that no gradients exist across any barriers. The
same pressure being applied to the arteries in the vascular column
up the neck and into the head is also being applied to the
cerebrospinal fluid (CSF) in the spinal canal; this fluid transmits
pressure up through the subdural space in the skull and throughout
the cerebral ventricular system, balancing cardiovascular pressure
across the blood/brain interface (Haykowsky, MJ et al., Medicine &
Science in Sports & Exercise, 35(1):65-68, 2003)(Figure 2-55).



Figure 2-55. Cerebral vascular pressure does increase with strain and the Valsalva
maneuver. However, the likelihood of vascular rupture is mitigated by a simultaneous

increase in cerebral ventricular pressure transmitted up the cerebrospinal fluid column in
the spinal canal, which is under the same pressure as the vascular column. The volume of

the skull limits these two pressures and stabilizes vessel structures, rather than
predisposing them to rupture.

Conventional wisdom also ignores the fact that the cranium is
essentially a pressure vessel, like a propane tank, that is quite
capable of containing high pressures. Imagine inserting a balloon
into a glass milk bottle and trying to blow the balloon up so that it



pops – obviously impossible unless you’re capable of making the
milk bottle explode, too. The pressure vessel prevents a pressure
gradient from developing between balloon and bottle. The pressure
across the membranes within the skull is contained by the capacity
of the bony encasement to control and prevent changes in pressure,
and pressure changes are required for the inter-membrane
disruptions of a CVA. The pressure will thus remain the same across
all the structures inside the skull – unless you exhale.

Conventional wisdom further ignores the fact that aneurysms
are vessel wall defects associated with genetic predisposition and,
rarely, with the response to a disease state, like tertiary syphilis, that
produces chronic inflammation of the vascular walls. People with
aneurysms have them for reasons other than the fact that they train
with weights, and the likelihood of such a person rupturing an
aneurysm while under the bar is approximately the same as the
likelihood of its happening while the person is walking across the
front yard.

Now, a little empirical evidence to help make the case for
breathing correctly under the bar. The actual rates of
cerebrovascular accidents versus orthopedic injuries provide ample
evidence that the greater risk is orthopedic. In Risser’s 1990 study
(American Journal of Diseases of Children, 144(9):1015–7, 1990) of
junior high and high school athletes from all sports, 7.6% of all
athletes incurred injuries that kept them out of training for seven
days. The rate of injury from all causes was 0.082 injuries per
training year; 74% of all injuries were simple sprains and strains,
and 59% of all injuries were classified as back injuries.

In contrast, the death rate from cerebrovascular accidents in
2004 was about 0.000512 (150,074 total) for the entire population
of the U.S. (293 million in 2004). The rate of survivable CVAs in 2004
was 0.00305 (895,000). So even if we compare the rate of
orthopedic injury in a specialized small population engaging in
exercise with the rate of CVA in the population of the entire United
States, orthopedic injuries are still 27 times more common than
survivable strokes, and you are still 94 times as likely to hurt your



back in sports as you are to die from a CVA even if you don’t
exercise.

In reality, the difference is much greater because athletes are
far less likely than the general population to have cerebrovascular
problems they have not inherited. There are no actual data for the
rates of CVA in the weight room because they occur so infrequently
as to be statistically unmeasurable. More people drown in 5-gallon
buckets each year than have had barbell training-related strokes
since the invention of barbells.

The spinal support provided by the anterior thoraco-
abdominal pressure is precisely why it is natural for us to use the
Valsalva when we lift or push. Fighter pilots perform the Valsalva
when they are subjected to high G-forces in acrobatic maneuvers;
the increased support maintains an open vascular column, which
supplies blood to the brain, so that consciousness can be salvaged
under momentary high-G conditions that would otherwise cause a
blackout due to a drop in blood supply to the brain. The same
conditions exist under a heavy bar; the back must be supported, and
the increased blood pressure provided by the Valsalva maneuver
serves to maintain blood supply to the brain when pumping that
blood gets harder under a bar weighing 405 pounds.

What is most important is that no one gets under 405 pounds
and squats it without having trained enough to be able to do so. The
cardiovascular system adapts to resistance training, just like all of
the other tissues and systems in the body, and this adaptation
occurs as strength increases. Anyone who is capable of squatting
extremely heavy weights is adapted for it in all the necessary ways.
And no lifter has ever pulled 800 pounds off the floor while exhaling.
For any trainee – and certainly any athlete – it is incalculably more
likely that following the advice to “inhale on the way down and
exhale on the way up” will actually cause an orthopedic injury, rather
than prevent a stroke.

In fact, it is a good practice to take and hold the biggest
breath you can before each rep of your heaviest sets. Get in the
habit of breathing correctly during your lighter sets so that the
pattern is well established by the time the weights get heavy. The



Valsalva maneuver will prevent far more problems than it has the
potential to cause. It is a necessary and important technique for
safety in the weight room.
 

Spotting the Squat
 

Spotters in the weight room can often be more trouble than
help. Inexperienced, inattentive, stupid spotters can get you hurt.
The squat and the bench press are the only two exercises in this
basic program that require spotters, and if they do it wrong, it’s
almost better to just take your chances without them. Almost.
Squats and benches can be dangerous when they’re heavy, so good
spotters become an important commodity at some point in
everybody’s training.

Weights used in the squat can be sufficiently heavy and are in
such a position that it is not safe for one spotter to work alone. Any
squat attempt or set of squats you are uncertain you can do, or
you’re even a little worried about, should be spotted by two people.
The squat requires two spotters. They have to learn to watch
each other and work carefully together to minimize the effects
inherent in having two people apply force to the same object. The
differential loading caused by one spotter jerking the bar up while
the other one doesn’t is a potential wreck, and it has caused many
back injuries. But this situation can be managed by having spotters
learn how to do it correctly. Spotters should apply force to the bar in
a balanced way, coordinating their efforts to keep the bar as level as
possible while minimizing the chance of hurting themselves in the
process (Figure 2-56).



 

 

Figure 2-56. Spotting the squat requires attention, teamwork, and some finesse. Spotters
should assume their positions prior to the start of the set. If the lifter misses the rep, the
spotters use both hands and the crook of one elbow to catch each end of the bar. This

effort must be balanced and coordinated, or the lifter gets uneven de-loading of the bar
and a possible torsion injury. Any lifter who bails out of the missed rep and leaves the

spotters holding the bar needs to be beaten with a hammer.

A one-person spot for a squat cannot be safely accomplished.
When one spotter stands behind the lifter, leaning over with his arms
wrapped around and under the lifter’s chest, this is not only an
embarrassing position but also a terribly ineffective and unsafe one.
After all, if the lifter is so ungracious as to drop the bar off of his
back, what will a single spotter do? Catch it in his elbows? If you are
the ungracious lifter, any help the spotter gives you from this
position will be applied to your chest with his hands, thus altering
your position at precisely the worst time it could be altered. So put
embarrassing, ineffective, and unsafe together, and you can see why
using a single spotter for the squat is always a bad idea (Figure 2-
57).



In a dire emergency, a spotter might be able to help by
standing directly behind you and pushing up on the bar with as even
a hand position as can be managed around your grip and bar
placement (Figure 2-57). This method will not work if the weight is
heavy or the miss is profound; in either case, everybody needs to
take care of himself by getting away from the bar as safely as
possible. In fact, some coaches teach their athletes to dump the bar
off their backs – when they’re using rubber bumper plates and no
spotters – in the event of a miss. You can’t hurt spotters this way,
since there aren’t any, and spotters can’t hurt you, either. But this
action requires practice, bumper plates, and the permission of the
gym owner. Don’t try it without being shown how by a good coach.

 

Figure 2-57. (A) The incorrect way to spot. Single-person spotting of the squat is tricky.
The purpose of the spot is to take some of the weight off the rep so that it can be

completed by the lifter. This cannot be safely accomplished by applying force to the lifter’s
body. (B) A better way to perform a one-person spot if necessary. Spot the bar, not the

lifter.

But this is a completely avoidable situation, one that indicates
that either the wrong weight is on the bar or there is not enough
help in the weight room. Things should be changed so that it does
not happen again, because the potential for injury is high. Either
come prepared to squat weights that require spotters, by having
them with you, or change your training plans for that day.
 



The Power Rack
 

Squatting inside a power rack is sometimes necessary. If the
weight room is not set up correctly – i.e., the surface of the platform
against the power rack is not flush with the inside floor of the rack
so that you can walk the squat back across a level surface, or if your
rack lacks a floor – you will need to stay inside the rack to avoid
stepping down or over things with the bar on your back. And if there
are absolutely no spotters and it is squat day, you might have to
squat inside the rack with the pins set at the correct height for the
bar: low enough that a below-parallel squat doesn’t touch them, and
high enough that a missed rep doesn’t drive you into the floor.

 

Figure 2-58. Squatting inside the power rack. If necessary, the bar can be lowered to the
pins.

Power racks should be designed 1) with a heavy floor inside
that can be made flush with an adjacent platform so that most of
the time, squats can be walked out; 2) with uprights built using the
correct depth dimensions so that people can squat inside the rack;
and 3) with the pin holes spaced at a 2½- to 3-inch interval so that
lifters can set the pins at the right heights for their personal
dimensions (a 4-inch or greater interval is not useful). Squatting
inside the rack as a matter of regular practice might be required
because of a poorly designed rack and platform, or if you train



alone, but when you’re squatting heavy in the normal gym
environment, it creates a potential risk for the spotters and their
hands. For the lifter, having the uprights visible peripherally might be
distracting; their presence might alter the bar path as the lifter tries
to avoid touching them. You can get accustomed to having them
there, but squatting outside the rack is preferable, since available
spotters remove the only reason to squat inside a rack in a properly
equipped weight room.

“Squatting” in a Smith machine is an oxymoron. A Smith
machine is not a squat rack, no matter what the girls at the front
desk tell you. A squat cannot be performed on a Smith machine any
more than it can be performed in a small closet with a hamster.
Sorry. There is a gigantic difference between a machine that makes
the bar path vertical for you and a squat that is executed correctly
enough to have a vertical bar path. The job of keeping the bar path
vertical should be done by the muscles, skeleton, and nervous
system, not by grease fittings, rails, and floor bolts.

A leg press machine – the “Hip Sled” – is even less useful to a
lifter who is already strong enough to squat. By restricting the
movement of joints that normally adjust their position during a
squat, this device eliminates the expression of your normal
biomechanics. The leg press may be useful for geriatric trainees or
for special populations that cannot effectively use the squat as an
exercise. But it is particularly heinous for healthy younger people
because it allows the use of huge weights and therefore facilitates
unwarranted bragging by those who should be squatting. A 1000-
pound leg press is as irrelevant as a 500-pound quarter-squat.
 

Personal Equipment
 

Supportive apparel, such as squat suits, squat briefs, power
socks, bench press shirts, and other such items, is designed to help
powerlifters lift more weight at a meet where such equipment is
permitted. Powerlifting is an extremely technical sport due to the use
of this equipment, but it has no place in a program of strength



training for athletics and fitness. Remember: lifting more weight is
not always the same thing as getting stronger. This should be
obvious in light of the principles already discussed regarding
squatting and strength.

Belts and wraps
 

Less obvious is the role of belts and knee wraps. A properly
designed and adjusted belt is useful as a safety device when you’re
squatting heavy weights. A belt protects the spine by increasing the
amount of pressure that can be applied to it by the muscles that
support it. The belt itself reinforces the “cylinder” of the ab muscles
around the spine. At the same time, the belt acts as a proprioceptive
cue for a harder abdominal muscle contraction: you can actually
squeeze harder with a belt on than you can without one, just as you
can push harder against a loaded barbell than you can against a
broomstick. This effect ultimately produces both stronger abs, due to
the stronger isometric contraction facilitated by the belt, and a
stronger squat, due to the heavier loads made possible by the more
stable spine.

 



Figure 2-59. Increased pressure against the spine is necessary for the safety and
efficiency of the lift. The belt facilitates this increase by providing a platform for

proprioceptive feedback for increased abdominal muscle contraction. Pushing against the
resistance of the belt makes for a harder abdominal contraction. And the volumetric
containment it provides allows an increase in pressure in the abdominal and thoracic

cavities.

A suit is different in that it actually enables you to lift weights
that are heavier than those you can lift without the suit. With a suit,
some of the kinetic energy of the descending, bar-loaded, eccentric
contraction is stored as elastic energy in the suit material and in the
compressed skin and muscle under the suit. That energy is then
made available to the lifter as he rebounds up, so the suit is in fact
an artificial aid. It has been argued that the belt is too, but a belt
does not function across a joint going into a sequence of flexion,
stretch reflex, and extension, like a suit does. Spinal support and
safety are necessary for our general strength training purposes,
while a squat 30% heavier than that which can be done unaided is
not. Leave the squat suit for later, when you’re entered in the meet.

A properly designed belt is the same width, usually 4 inches,
all the way around. Many millions of cheap, junky belts have been
produced with 2-inch buckles and fronts, and either 4- or 6-inch
backs. These belts were designed by someone who did not
understand how a belt works. For the belt to function correctly, it
must act around the complete circle, and there is no reason for it to
be wider in the back than in the front. Four inches is about the
widest belt that most people can get between their ribs and hips. If
you’re shorter, or short-waisted, you may need to find a 3-inch belt.
Thickness is important in that a very thick, laminated suede belt
feels very good under a big weight. Its almost complete lack of
stretch makes for a comfortable ride. Such belts are expensive,
though, and any good single-ply 4-inch leather belt with a good
buckle will suffice. Even a well-made Velcro belt is still better than no
belt.



Figure 2-60. Different types of weightlifting belts. They can be constructed in various
ways, but useful belts are the same width along their entire length. Belts that widen in the

back are designed by people who do not understand the function of a belt.

You may not need a belt at all for the early part of your
training career, and if your abs are strong and your back is
uninjured, you may prefer to never use one. Very heavy weights
have certainly been lifted without one. This is a judgment call, but it
is probably prudent to err on the side of safety if there is any
question at all about it or if you have previously injured your back.
When a belt is used, it should be used judiciously, possibly restricted
to the last warm-up set and the work sets. As a general rule, do not
introduce a new variable into the work set – if you’re going to wear
a belt in the work set, make sure you use it in the last warm-up set
so that your movement pattern will not be altered or your attention
diverted under the heaviest weight of the day.

Using the belt correctly is a matter of practice. It must be
worn in the right place at the right tightness to be effective, and if
it’s wrong, it can actually screw up the lift it’s designed to support.
Put it on around your natural waist (higher than you wear your
pants) at a comfortable tightness, take your squat stance, and squat
down into the bottom position. The belt will adjust to the position it
wants to settle into, the place where it functions most effectively,
and it will have done so before the weight is a factor. In other words,
don’t let this position adjustment take place at the bottom of the



first rep you need the belt for – do it in advance. Stand back up and
tighten the belt to the point at which it adds a little pressure to the
gut.

There is a common misconception about the use of a belt.
Many people have heard that you push the “stomach” out against
the belt. Doing this, however, will usually result in spinal flexion, the
very thing we wear the belt to prevent from happening under a load.
Just put the belt on tight, forget it’s there, and use your abs the way
you would without it. The belt functions without your having to
actually “use” it, because the tightness it provides against the abs
causes them to work harder without your micromanagement of the
situation.

The right amount of tightness is a matter of individual
preference, but as a general rule, more experienced lifters can wear
a tighter belt than novices can. It is also quite possible to have a belt
on too tight. If you have to stretch up to get the belt’s prong in that
last hole, you will be less able to exert pressure with your own
abdominal musculature, since it must be contracted to actually
generate force. Try this once to see for yourself; when you do, you’ll
find that there is an optimum tension on the belt, and that too tight
is worse than too loose. You’ll eventually find that your belt
adjustment varies with your body weight, your underlying clothing,
and even your hydration level; if your belt is designed with holes
close enough together to allow for fine adjustment, it will come in
handy.

Contrary to the new conventional wisdom regarding this, a
belt will not prevent your trunk from getting and staying strong. It is
hard for the layperson – or for that matter, a coach who lacks
personal experience with very heavy squats – to understand this, but
there is not one single relaxed muscle group in the entire human
body under a 600-pound squat; this statement most especially
applies to the muscles that are busy stabilizing the spine. It’s not as
if your trunk muscles just go to sleep when you put on your belt.
What actually happens is that the abs contract harder against the
external resistance provided by the belt than they can without it, in
the same way that your arms can contract harder when you curl a



barbell than when you curl a broomstick. A belt does in fact help you
safely lift more weight than you would without one, since a tight
back better supports more weight when you’re squatting, and
squatting more weight allows you to do more work through the
range of motion and thus get stronger.

Knee wraps are another matter. When a lifter uses tight
wraps, the one-meter or longer heavy kind with the various-colored
stripes, he is doing so to lift more weight. The mechanism is the
same with wraps as with squat suits. In the absence of an injury,
knee wraps must be considered supportive gear and should not be
worn. But in the event of certain knee injuries, wraps can be very
helpful IF USED CORRECTLY. If you have an old ligament injury that
has healed as well as it’s going to, wraps are useful to add some
compression, and thus stability, to the knee. A light wrap adds just
enough circumferential pressure to the whole knee assembly to act
almost like an external joint capsule, as well as maintaining warmth
and providing proprioceptive input to the skin and superficial
structures. The caveat is this: if your wraps are so tight that they
must be loosened immediately after the set, then they are acting as
aids and not as support. If you can keep the wraps on for the whole
workout without cutting off circulation to your lower legs, the wraps
are loose enough to be considered as only supportive.

Figure 2-61. Knee wraps are used to help lifters train with minor injuries by providing
capsular support to the knees. Knee sleeves are made of cloth-covered rubber and are used



primarily to provide warmth.

Some older lifters with older-lifter knees find that wraps a
little tighter than loose support wraps make pain-free squatting
possible. By adding more support to knees that have aged
ungracefully, wraps can make the difference between a productive
exercise and a source of irritation. The compression provided by
properly applied wraps seems to prevent some of the inflammation
that unwrapped older knees experience when the lifter is training the
squat heavy.

Some heavier powerlifting wraps are so heavy that they
cannot actually be used as loose support wraps; their elastic is so
heavy that when it is stretched into position over its entire length,
even applied loosely, it is too tight to leave on, and therefore too
tight to consider as just supportive. Lighter wraps are available at
most sporting goods stores, and they’re fine for our purposes.
Rubber and cloth knee sleeves can be used if warmth is the primary
objective.
 

Shoes
 

Shoes are the only piece of personal equipment that you
really need to own. It takes only one set of five in a pair of squat
shoes to demonstrate this convincingly to anybody who has done
more than one squat workout. A good pair of squat shoes adds
enough to the efficiency of the movement that the cost is easily
justified. For anywhere from $50 for a used pair to more than $200
for the newest Adidas weightlifting shoes, a pair of proper shoes
makes a big difference in the way a squat feels. Powerlifting squat
shoes have relatively flat soles, and Olympic weightlifting shoes have
a little lift in the heel that makes it easier to get the knees forward
just in front of the toes. Your choice will depend on your squatting
style and your flexibility. Avoid shoes with heels higher than 1 inch



because these are difficult to use for pulls from the floor, using the
kinematics advocated here, and they produce the same problems as
using a 2×4 under the heels. Most squat shoes have metatarsal
straps to increase lateral stability, provide some very important arch
support, and suck the foot back into the heel of the shoe to reduce
intra-shoe movement.

Figure 2-62. Weightlifting shoes are the most important personal equipment a lifter can
own. They provide solid contact with the floor and eliminate sole compressibility and the

instability of squishy footing. Get a pair. It will be the best money you spend on your
training gear.

The primary beneficial feature of a squat shoe is its lack of
heel compressibility. The drive out of the bottom starts at the floor,
where the feet start the kinetic chain. If the contact between the
feet and the floor is the squishy gel or air cell of a running shoe, a
percentage of the force of the drive will be absorbed by the
compression of the cell. This compression reduces power
transmission efficiency and foot stability. Unstable footing interferes
with the reproducibility of the movement pattern, rendering virtually



every squat a whole new experience and preventing the
development of good technique. Squatting in running shoes is like
squatting on a bed. Many people get away with it for years, but
serious lifters invest in squat shoes. They aren’t that expensive,
especially compared to brand new name-brand athletic shoes, and
they make a huge difference in the way a squat feels.

We have spent a lot of time developing a model of barbell
training from the perspective of balance. Poorly designed or
incorrectly utilized footwear completely undermines your application
of this rather elegant model. Just buy the damn shoes.
 

Clothing
 

A brief word about clothing is in order. It is best to squat in a
T-shirt, as opposed to a tank top, because T-shirts cover more skin
than tanks do. Skin is slick when sweaty, and slick is not good for
keeping the bar in place. The shirt should be 100% cotton or 50/50
poly/cotton, not all synthetic, because these high-tech materials are
always slick under the bar. Shorts, sweats, or training pants should
always be made of stretchy material. This is very important because
if your pants grab your legs, and they will because of the sweat, a
non-stretch garment will restrict the movement of your legs and
interfere with your ability to shove your knees out and use your hips.
The same thing is true for shorts that stop right below the knee,
even if they are stretchy. Mid-thigh stretchy shorts or simple gray
sweats are the best pants for training. And make sure your pants are
pulled up; if the crotch hangs down in the middle of your thighs, this
will interfere with your knee position. Clothing should not affect your
movement in any way and should never, ever make it harder for you
to do a thing that is hard already – squat correctly.



Figure 2-63. Training clothes should fit in a way that does not hinder the performance of
the lifts or the ability of a coach to observe your technique. Baggy pants and shirts may be
fashionable, but they are not terribly useful in the weight room. T-shirts are preferred over
tank tops, and shorts and sweats should be chosen for function, not appearance. But clever

logos are always good.

Mirrors
 

Squatting in front of a mirror is a really bad idea. Many weight
rooms have mirrors on the walls and have conveniently placed the
squat racks near the walls, too, making it impossible to squat
without a mirror in front of you. A mirror is a bad tool because it
provides information about only one plane of the three: the frontal,
the one that gives you the least information about your position and
your balance. Forward and backward movement is extremely difficult
to detect when you’re looking straight forward into a mirror. Depth is
also very difficult to judge from this direction; some obliqueness of
angle is required to see the relationship between the patella and the
hip, but a mirror set at an oblique angle would require that the neck



be twisted a little under the load to see it. Cervical rotation under a
heavy bar is as bad an idea as cervical overextension under a heavy
bar.

A mirror can also be distracting because it shows any
movements occurring in what should be your invisible, uncluttered
background when you’re looking down. The human brain being quite
sensitive to visual movement, this is not useful when you’re trying to
concentrate on squatting a heavy weight and some Bozo looking at
his massive biceps walks behind you during the set.

The most important reason to squat without a mirror in front
of you is that you should be developing your kinesthetic sense while
you squat. When you pay attention to all of the proprioceptive input
provided by focusing on your balance point on the floor in front of
you, the pressure on your feet, the feel of your back angle, the bar
in your hands and against your back, and your general sense of the
balance of the movement, your sensory input is much richer than
that provided visually by the mirror image. Learn to feel the correct
position, not to merely see it.
 

Coaching Cues
 

One more thought: Throughout this book, the term “cue” will
be used. A cue is a movement signal, and it is an important concept
in sports pedagogy. Cues are used both by coaches with the athletes
they are handling and by athletes for themselves.

For a coach, a cue is a signal that causess the athlete to
correct some part of the movement he is about to do, as previously
discussed with the coach. It has been built into the athlete's
understanding of the movement during the process of learning it
with the coach. The cue focuses the athlete’s attention on the thing
he should be thinking about at that time, instead of all the other
things he is probably thinking about. A cue is not a long, detailed
explanation that introduces a brand new concept just before the
lifter performs a PR (personal record) attempt. Rather, a cue is a
word or two, maybe three, seldom four, that reminds but does not



explain. A cue should not have to be processed much by the mind
that receives it; it should be heard by the ear and sent on down to
the place that was waiting for it to trigger the action to which it
refers.

An example of a cue is “chest up.” In contrast, “lift the chest
so that your back gets flat” is not a cue. The former can be used
after the lifter has assumed the starting position, right before he
starts the pull. The latter must be used well before he assumes the
starting position, when he can give some thought to what he is
about to do.

Cues are worked out between the athlete and the coach
during training. Cues evolve naturally as the two people
communicate with each other about the movement. A coach will
develop his favorite ways of explaining key concepts to his athletes
over his coaching career. He will tailor these explanations to fit the
needs of the individuals he is working with, and cues will develop.
Some cues, like “chest up,” are almost universal due to their
usefulness, brevity, and sound. They almost bark the correct position
at the athlete. Other cues, which appear to be so non-specific as to
be useless (like “Now!”), are in fact specific to a thing decided upon
between coach and lifter and are extremely individual to that
particular situation. Cues must be given in the right circumstances
and at exactly the right time, or they do not trigger anything useful.

A cue can also be a reminder that you give yourself. It will not
necessarily be spoken aloud, although this sometimes helps. It will
be the same thing that a coach would say to you under the same
circumstances, a reminder of a position problem that you have
already worked out but that you need to pay attention to just before
doing the movement. As you learn the exercises covered in this
book, you should develop your own set of cues that will serve to
reinforce good form. As you become more experienced, you will find
it necessary to build cues into your approach to each lift, to solve
your own individual problems with each movement pattern. You will
find that each lift responds to its own reminder, and if you train
alone, you’ll have to remind yourself.



You will find that there are two basic types of cues: body cues
and bar cues. Body cues are references to parts of your body
interacting with the bar, like “chest up,” “look forward,” or “long,
straight arms.” These cues draw awareness to the thing doing the
moving: the muscles or body part needing a correction. In contrast,
bar cues refer to the object being moved. For instance, if your
problem is jerking yourself out of position while coming off the floor
in a deadlift, a problem that usually happens when you’re in a hurry
to get the bar moving fast, the bar cue might be “pull it slow” or
“squeeze it up.”

As a general rule, body cues draw the lifter’s attention to a
component of the movement, while a bar cue refers to the whole
movement or to a part of it that several components are engaged in.
“Straight elbows” may fix a problem by calling attention to the
specific problem addressed. In contrast, “Keep the bar vertical”
describes a complicated process of adjusting the three diagnostic
angles, which the lifter can easily do by visualizing one simple thing.
A bar cue generally means that if you do certain things to the bar
correctly, your body will solve the problem. Some people process bar
cues better than body cues, and what works for one exercise might
not work for another. Deciding which cues to use is just one of the
skills that you will develop through experience.



Chapter 3: The Press
 

The press is the oldest upper-body exercise done with a
barbell. The day the barbell was invented, the guy who invented it
figured out a way to pick it up and shove it over his head. After all, it
is the logical thing to do with a barbell. Equipment has changed
quite a bit over the past hundred or so years. We now have barbells
that load with plates, racks we can set our bars in and adjust to
various heights so that we don’t always have to clean the weight to
our shoulders first, and even plates made out of rubber in case we
need to drop the weight. But pressing the barbell overhead is still
the most useful upper-body exercise in the weight room.

Prior to the rise of bodybuilding, the standard test of upper-
body strength was the press or, more correctly, the two-hands press.
The popularity of the bench press has changed this to the detriment
of athletes and lifters who never obtain the benefits of the press,
which is the more balanced exercise. Bench pressing, a contest lift in
powerlifting, actually became popular among bodybuilders first,
when large pectorals (“pecs,” or maybe “chesticles”) became the
fashion in physique contests, starting in the 1950s. Powerlifting
incorporated the bench press as a standard contest lift in the mid-
1960s, thus diminishing the importance of the overhead version of
the press among those training primarily for strength. The final nail
in the coffin was the elimination of the clean and press from Olympic
weightlifting competition after the 1972 Olympics. This unfortunate
development changed the nature of Olympic weightlifting training,
effectively removing upper-body strength training from the list of
exercises perceived as necessary by most weightlifting coaches. The
exercise has continued its decline in both popularity and familiarity,
to the extent that today you are quite likely to hear a seated behind-
the-neck press described as a “military press” by the personal
trainers in big-box gyms.



Figure 3-1. Bill Starr, the father of modern strength coaching, presses 350 pounds in the gym.

So, a terminology lesson is in order. A press refers to a
movement performed while standing, whereby a weight is extended
to arms’ length overhead with the use of the shoulders and arms
only. If a barbell is used, the exercise is properly a two-hands press,
although it is understood that the unqualified term “press” refers to
a barbell press done with both hands (since lifting a barbell one-
handed is not the normal use of the equipment). Any deviation from
this description warrants a qualifier. A seated press is a barbell press
done in a seated position – an exercise that requires a special bench,
unless the lifter is capable of cleaning the weight and sitting down
with it on his shoulders, and then lowering it to the floor after the
set. This restriction limits the amount of weight that can be lifted,
and thus the ultimate usefulness of the exercise. A dumbbell press is
a standing simultaneous two-hands movement, unless the alternated
or one-hand version is specified. Any press performed supine on a
bench is a bench press, the barbell being understood as the
equipment unless a dumbbell bench press is specified. If the barbell



is used behind the neck, this position is part of the name. “Military
press” refers to the strictest form of the exercise. A military press is
performed without any bend of the hips or back used to start the
weight, sometimes with the heels together. A behind-the-neck press
is a harder movement than a press; still harder is a seated behind-
the-neck press. The use of the flexed and extended knees as an aid
in starting the bar off the shoulders means that a push press has
been performed.

One of the reasons the press was eliminated from Olympic
weightlifting was the difficulty most judges had in bringing
themselves to red-light an excessively weird press. Referred to by
the term “Olympic press,” the form of this movement that developed
over the last few years of its presence in the meet was such that the
bar was driven up from the shoulders by the use of a combination of
a sharp hip flexion from overextension and a shrug of the traps.
Some very adept practitioners could lean back to a point almost
equivalent to a bench press, rendering the description of the lift as a
“press from the shoulders” rather inaccurate. An inexperienced or
unconditioned lifter attempting this movement ran the risk of a
spinal hyperextension injury, although such injuries were not that
common: experienced, conditioned lifters had very strong abs.

Figure 3-2. Tommy Suggs demonstrates a moderate amount of layback in this 1968 National
Championships photo. The press was eliminated from Olympic competition due to “judging

difficulties” – a reluctance on the part of the international governing body to establish and enforce



adequate criteria about layback. It is likely that the press was actually eliminated due to a desire to
shorten the meet and to avoid the political complications that arose from the lack of uniformly

applied judging standards.

The press is the most useful upper-body exercise for sports
conditioning, primarily because it is not just an upper-body exercise.
Except for powerlifting and swimming, all sports that require the use
of upper-body strength transmit that force along a kinetic chain that
starts at the ground. Any time an athlete pushes against an
opponent, throws an implement, uses a racquet or club on a ball, or
transmits force to an object, that force starts at the feet against the
ground. In a press, the kinetic chain – the components of the
musculoskeletal system involved in the production and transmission
of force between the base of support and the load being moved –
starts at the ground and ends at the bar in the hands.

The kinetic chain in a bench press, in contrast, begins at the
point on the bench where the upper back contacts it directly under
the bar, and ends at the bar in the hands. Proficient bench pressers
involve their legs all the way down to the ground, using their lower
body as a brace for the kinetic chain. But this does not mean that
the kinetic chain extends to the ground, since the bench press can
be performed with the feet on the bench or even up in the air. As in
the squat, where the hands are an important component of the
exercise but do not actually move the bar, the lower body is an
important part of the bench press without actually being part of the
kinetic chain. Even a very proficient bench presser, using the trunk
and legs as efficiently as possible, is still pushing against a bench,
not balancing the load with his feet and not using his entire body
against the ground as he presses. For the press, using the whole
body as the kinetic chain is inherent in the movement.

Basic bench press performance is different from the press in
that it is primarily an upper-body exercise. It is an unusual thing in
sports to actually place the back against an immovable object and
use it to push against something else; it happens after the play is
dead in American football if you’re under the pile, but not in many



other situations. The press involves the entire body, down to the feet
against the floor, using all of the trunk musculature (the abs and
back muscles) and the hips, legs, ankles, wrists, and feet to stabilize
the body while the shoulders, upper chest, and arms press the bar
overhead. This kinetic chain, from overhead at full arms’ length
down to the floor, is the longest possible one for the human body.
And this makes the press an excellent tool for training your stability
under a load.

Another difference lies in the basic nature of the movement
pattern and its use of the muscle contraction. The bench press starts
from the top down, with an eccentric contraction, and thus has the
advantage of a stretch reflex out of the bottom to assist the
concentric contraction, the up phase of the lift. In contrast, the
press, like the deadlift, starts the drive up (in this case, from the
shoulders) with the bar at rest; the hardest part of the movement is
the first part. A multi-rep set can be modified so that the reps after
the first one can start at the top – you drop down and rebound up
out of the bottom position, utilizing a stretch reflex, and breathe at
the top, as you do in a bench press or a squat. But the basic
movement, the one done with the heaviest weights, starts at the
shoulders from a dead stop.

For an exercise to be useful as a conditioning tool for a sport,
it must utilize the same muscles and the same type of neurological
activation pattern as that sport. It need not be an identical copy of
the sport movement. In fact, it has been demonstrated that if the
motor pathway of a slower conditioning exercise is too similar to that
of the faster sport skill – as in throwing a weighted basketball –
interference with correct skill execution can result. You would, in
effect, be practicing throwing the ball slower than you actually throw
it. And since you don’t throw objects of different weights exactly the
same way, you’d also get to practice throwing it slightly wrong.
Effective strength training for a sport should incorporate all the
muscles involved in the sport in a coordinated way, so that strength
is produced in the generalized patterns of movement used in barbell
training – and specific to nothing else. Then, sports practice
incorporates the newly acquired strength as it develops. A sport such



as football requires the use of all the muscles in the body because
force is generated against the ground by the hips and legs,
transmitted up the trunk, and applied to the opponent through the
arms and shoulders. Presses, squats, deadlifts, bench presses, and
power cleans develop that strength through progressive training,
and as the athlete gets stronger, football practice precisely applies
the strength in the actual pattern of its use.

Specifically for the press, it is important to understand that
the force is not produced solely and independently by the upper
body. The shoulders and arms participate in the production of force,
but they are completely dependent on the hips and legs to react
against the ground through the feet as they work. In football, the
kinetic chain begins at the ground because the feet move first; in
pressing, it begins at the bar. Both movements transfer force along
this kinetic chain through the trunk, and its isometric function is the
same in both. The press provides the pattern of kinetic similarity
required of a useful, applicable exercise (Figure 3-3). The bench
press does not, but it does allow the use of heavier weights. We will
do them both in this program, but we must realize the strengths and
limitations of each exercise.



 

Figure 3-3. A comparison of the kinetic-chain vectors of the press, typical football activity, and the
bench press. Note that in the lineman’s effort, force is being applied both vertically and horizontally.
The press strongly develops the athlete’s ability to push through a range of directions while driving



from the ground. The bench press is more limited in the applicability of the strength it produces,
although it allows the use of heavier weights.

As a general rule, the more of the body involved in an
exercise, the better the exercise. The press produces strength in the
trunk muscles – the abs, obliques, costals, and back – as well as in
the shoulders and arms. It trains the whole body to balance while
standing and pressing with a heavy weight in the hands and
overhead. It uses more muscles and more central nervous system
activity than any other upper-body exercise. And it produces force in
a more useful direction than does the bench press, in which force is
directed at about 90 degrees away from the trunk. In football, the
arms are usually used at an angle well above 90 degrees. The press,
producing force vertically overhead, is not an exact match, but it is
much closer to a useful direction than the bench press is. More
important, if football players put their backs against solid objects
positioned at an inclined angle and pushed against them, the incline
bench press would be a pretty good exercise. They don’t. Programs
that have switched to the incline because of the supposedly
improved carryover ignore the important kinetic-chain element of the
press that makes it such an important exercise.

It is in fact possible to press a lot more weight while lying on
the bench than while standing with the bar in the hands. So for
simple upper-body strength, the bench press is the better exercise.
Doing both exercises enables the strength developed from the bench
press to be applied in a more useful way for sports. Athletes who
never do anything but bench press tend to have more shoulder
problems than those who include overhead training. With all the
pressing emphasis directed to the anterior side of the shoulders, the
posterior side gets relatively weak. Since it is possible to bench very
heavy weights with years of training, this strength imbalance can be
very pronounced.

The posterior shoulder musculature includes the very
important rotator cuff group of external rotators, the muscles
responsible for decelerating internal humeral rotation during



throwing movements (Figure 3-4). The rotator cuff basically consists
of the muscles on the anterior and posterior sides of the shoulder
blade. The subscapularis covers the front of the scapula between it
and the rib cage, and functions as an internal rotator. The
supraspinatus, the infraspinatus, and the teres minor attach various
points on the posterior scapula to the humerus, and provide for its
external rotation as well as deceleration of internal rotation (as when
a thrown ball is released). In a press, they do not work directly as
the primary muscles producing the movement, but they are used as
stabilizers and are therefore strengthened in this capacity. In
contrast, the bench press does not work the external rotators much,
certainly not much in comparison to the loads being handled by the
pectorals and anterior deltoids, which function as the main internal
rotators of the humerus. If the internal rotators become
disproportionately strong, enough to exceed the capacity of the
external rotators to decelerate the humerus during a throw, injuries
can and often do occur.

 

Figure 3-4. (A) Posterior view of the rotator cuff muscles. (B) They decelerate internal rotation of
the humerus during throwing.



An injury usually attributed to the press by physical therapists
and other medical types is the situation called shoulder
impingement. Most of the time, PTs advise against using the press
because of the supposed tendency of the tendons of the rotator cuff
muscles to become trapped between the head of the humerus and
the bony projections on the scapula − the coracoid and acromion
processes. These bony knobs function as attachment points for the
biceps, the pec minor, the coracobrachialis muscle, and the
ligaments that hold the scapula and the clavicle together at the
acromioclavicular (AC) joint. The coracoid and acromion processes
overhang the head of the humerus where it articulates with the
glenoid. Because the external rotators, specifically the supraspinatus
and the infraspinatus, overlay the head of the humerus and underlay
the subacromial bursa and these bony knobs, most PTs believe that
the potential for mashing the bones together and trapping the
tendons in between (impinging the tendons) is so high that the
exercise is dangerous and should not be performed.



Figure 3-5. The anatomical relationship of the traps, the scapulae, the arms, and the bar in the
press.

This dogma ignores the anatomical facts about a properly
performed press. The scapula is attached to the rest of the shoulder
girdle at only one point, the clavicle at the AC joint. Except for the
acromioclavicular ligament, the scapula essentially “floats” freely
through its range of motion in a sheath of fascia and muscle, so that
its position can change relative to all the other structures of the back
and the humerus. The scapula can move from a position of extreme
adduction, as in the bench press, to being pulled forward, as with
the start position of a barbell row, to the shrugged-up, rotated-in-at-
the-top position used at the top of the press.



When you press overhead, you finish the movement by
shrugging your shoulders up toward the bar. This motion engages
the trapezius muscles that connect the spinous processes of the
vertebral segments in the neck and upper back to the scapulas, and
this actively reinforces the traps’ support for the shoulders and the
bar. In effect, the bar is supported overhead by the locked-in-line
arms, the scapulas hold up the arms, and the traps hold up the
scapulas, so the shrugged traps actively support the weight of the
bar. When the traps contract, they pull the scapulas together at the
top so that they rotate medially, and the shrug pulls them upward.
This motion points the glenoid cavity upward to directly support the
humerus from below, and pulls the acromion and coracoid processes
away from the humerus. If you press properly, the shrugged-upward
scapulas are thus positioned to support the arms and the bar
overhead while making impingement of the cuff tendons impossible
(Figure 3-5, Figure 3-6).



Figure 3-6. The lockout position in the press. The force of gravity drives the humerus into the
glenoid.

The claim that presses impinge the shoulder is therefore not
correct. Pressing incorrectly is not the same thing as pressing – you
don’t get to redefine the exercise and then claim that it’s dangerous.
Driving a car is dangerous if you drive it into a great big rock.

There are several excellent ways to impinge the shoulder,
none of them involving the press. All you have to do is hold the
scapula in position while letting the humerus wedge itself into the
bony processes. Bench pressing with an incorrect elbow position and
certain gymnastic movements, like ring dips and ring pushups in the
absence of adequate strength preparation, are good ways to put the
shoulder in an anatomically or mechanically dangerous situation that
you cannot control. Powerlifting is hard on the shoulders’ long-term
health, and the recent fascination with gymnastic exercises by
novice athletes has been responsible for many surgical procedures
that would otherwise not have been necessary. Sports that use an
overhead position, like tennis, swimming, and volleyball, but which
do not typically use the press to prepare the body for the stress of
that position, experience high rates of shoulder injury and surgical
repair. But amazingly enough, shoulder injuries are quite uncommon
in Olympic weightlifting, where the point of the sport is to put as
much weight overhead as possible. Weightlifters learn very quickly
how to hold a weight overhead, while tennis players have perhaps
been actively discouraged from learning the safe way to work in this
position.



Figure 3-7. Impingement of the shoulder with incorrect position of the shoulder in the ring dip.
The force of gravity drives the A/C joint down into the humerus, and moment force created by the

lateral motion of the arm can produce severe shoulder problems.

Shoulder injuries do occur with significant frequency, and the
press has been used for decades to rehabilitate injured shoulders,
particularly injured rotator cuffs. Rehabbing this way works for the
same reason that it is safe to press, and for the same reason that
pressing actually strengthens the rotator cuff muscles. Physical
Therapy usually addresses shoulder rehab with direct exercises on
the rotator cuff involving rubber bands and 2-pound dumbbells, an
interesting approach considering that these isolation movements do
not occur as a normal part of typical human movement patterns. But
when you press overhead and finish the lockout correctly, all of the
muscles of the shoulder are tight and contracted. As the weight goes
up over time, the strength of the finish must increase and the force
produced by all of the contracting muscles must therefore increase
as well. Since the press uses the rotator cuff muscles isometrically to
stabilize the lockout position at the top, and since proper form



ensures that they are active in this capacity as well as safe relative
to a position of impingement, it seems as though the logical way to
strengthen the cuff muscles – even cuff muscles weakened by injury
and surgical repair – is to press correctly. In the correct press
lockout, the weaker muscles are supported by the healthy ones, and
as the injured muscles heal, they are able to resume an increasing
amount of their normal functional load if correct technique is utilized
with weights light enough to permit it. In this way, the injured
muscles can be brought back to normal function while performing
their normal function, in effect given no choice but to heal by doing
what they normally do.

Since the press strengthens the shoulders, the key to
shoulder health for your whole athletic career and your life as an
active adult is to press correctly as an integral part of your training.
Most lifters who have shoulder problems have failed to take this
advice and have paid for ignoring this most important upper-body
exercise. In fact, before the bench press became the sole focus of
upper-body training in the gym, shoulder injuries were uncommon.
Rotator cuff problems can be addressed in training, before they ever
start, by making sure that bench press work is balanced by an
equivalent amount of overhead work. For every bench press
workout, there should be a press workout.

The surprising thing about the press is that it is very
technically demanding. It is a very hard lift to do with a lot of
weight, and most people work for many years to develop their ability
to do it well. We’d better get started.
 

Learning to Press
 

The press starts at the rack with the empty bar. It should be
set at the same height as for the squat, at about the middle of the
sternum. If you are a female, a younger trainee, or an older or
injured person, be aware that a 45-pound bar may be too heavy to
start with on this exercise. Take steps to ensure that the proper



equipment is available, or you will never have a chance to learn the
exercise properly.

The grip for the press is determined by the simple mechanics
we already know. The width is such that it places the forearms in a
vertical position as seen from the back or front (Figure 3-8). This
grip places your index fingers somewhere between the edge of the
knurl and a half-inch out from the knurl.

 

Figure 3-8. Grip width, just outside the shoulders, to produce vertical forearms.

There are exceptionally large people who need a wider grip to keep
the forearms vertical, but not many. Too wide a grip creates moment
arms between the grip position on the bar and the elbows, between
the elbows and the shoulders, and between the grip and the
shoulders; and these moment arms are leverage you will have to
overcome that need not be there at all (Figure 3-9). The choice of
equipment may not be up to you here, and most people will need to
work with what they have, so note that a standard Olympic
weightlifting bar has about 16.5 inches (42 cm) of space between
the knurls (there is no standard center marking for a powerlifting
bar, but most are close to this). It might make things easier if you
mark your oddball bar to this standard so that you can use the same
grip width every time.



Figure 3-9. Moment arms that are created by an incorrect grip. (A) Between hand and
shoulder, and between elbow and shoulder. (B) Between elbow and shoulder along the

sagittal plane. (C) Between wrist and bar.

The grip should position the bones of the forearm directly
under the bar, to eliminate any leverage produced against the wrist
from having the bar too far back in the hand. The best way to
position the grip efficiently is to set the grip width at your index
fingers, and then rotate your hands into pronation by pointing your
thumbs down toward your feet. This setup aligns the bar with the
radial longitudinal crease and between the thenar eminence (the
high spot adjacent to the thumb) and the medial palmar
(hypothenar) eminence on the other side – parallel to your “life-line,”
to use a more familiar term. Then, just lay your fingers down on the



bar and squeeze the fingertips into the bar. When you take it out of
the rack, the bar will be on the heel of your palm and directly over
your forearm bones, as shown in Figure 3-10. The thumbless grip is
never used when pressing, not because of the danger – which is
obviously not there when the bar can be dropped to the floor.
Rather, the thumbs-around grip permits the “squeeze” in the
forearms that increases the tightness of the muscles, making the
drive from the start position more efficient and increasing motor unit
recruitment throughout the arms and upper body. Except for the
squat, there is no thumbless grip in barbell training.



  

Figure 3-10. Map, Hand surface anatomy. (A) Correct positioning of the bar in the hand:
close to the heel of the palm, not back in the fingers (B). The method for taking the grip

correctly (C–E).

Take the bar out of the rack – the EMPTY BAR, at the correct
weight for your ability. Your grip will have placed the bar on the heel
of your palms, and your elbows should now move to a position just
in front of the bar when viewed from the side. This placement
creates a vertical position for the radius bone of the forearm. (Most
people place the elbows under or behind the bar, positions that tend
to make the bar drive away from the body when you press.) Shrug
your shoulders up and forward just a little; the idea is to have the
bar resting on top of your anterior deltoids, the meaty part of your
shoulders, at the start of the movement.

Figure 3-11. The elbows are in front of the bar. This position places the radius in a vertical
position and provides for the correct direction of upward drive.

Inflexible people may not be able to get the shoulders far
enough forward and up to put the bar in this position at first; if
flexibility is the problem, you will quickly stretch out. Some people



have long forearms relative to the length of their upper arms, and
this anthropometry makes getting the bar on the deltoids impossible
with the elbows in the correct position and a narrow grip. Sitting on
the delts is the ideal position for the bar, but the movement can be
done from a less-than-perfect position without any real problem.
Very flexible people should make sure not to raise the elbows too
high; doing so pulls the scapulae forward and produces a lack of
tightness and stability across the shoulder blades that is not
conducive to an efficient press.

Figure 3-12. The bar rests on the meat of the shoulders – the anterior deltoids – if
possible. (A) Normal forearm dimensions. (B) A long forearm relative to the humerus. This
lifter will press from a bar position that “floats” over the delts. An attempt to set the bar

down on the delts will adversely affect the mechanics of the start position.

Your stance in the press is not as precisely critical as it is in
the squat. Take a comfortable stance, and you will usually end up
with something that will work. Your squat stance actually works well
for the press. Too close a stance creates a balance problem, and
much farther apart than the squat stance feels pretty weird. We will



not be using a ground reaction in this lift (since it is not a push
press), so don’t worry about trying to simulate a vertical jump stance
for this lift. In fact, when in doubt, go a little wider.

Many initial position problems can be prevented with a correct
positioning of the eyes. Look straight ahead to a point on the wall
that is level with your eyes. (This assumes that you are in a facility
with walls. If the walls are too far away, a piece of equipment will
do.) Stare at that point for the whole set. You might need to give
yourself a point to look at. If you need to, draw a big dot on a sheet
of paper and hang it up at the point that causes your eyes to hold
the correct position.

Now lift your chest. This is actually accomplished by placing
the upper part of the erector spinae in contraction. Think about
lifting your sternum up to your chin or showing off your boobs.
(Sorry for the coarse analogy, but you’ll have to admit that it’s
useful.) Refer to Figure 3-13 for this position. “Chest up” is really a
back contraction, and the press and the front squat are the two best
exercises for strengthening and developing control of these muscles.
Lifting your chest produces tightness in the upper back and in the
entire kinetic chain, making your connection to the ground more
stable and improving your pressing mechanics overall.



Figure 3-13. (A) The correct upper back position, providing a firm platform from which to
drive the bar. (B) A relaxed upper back.

When your elbows are up correctly and you have lifted your
chest, you are ready to press the bar. The press is learned in two
stages: First, you will put the bar where it is going to be in the
finished position. This step consists of learning the lockout position
and the anatomical and mechanical reasons for using it. Second, you
will learn how to get the bar there correctly. This step consists of
learning how to produce a mechanically efficient bar path and how
to use your whole body to do it.

Step 1: Take a big breath, hold it (our friend the Valsalva
maneuver), and drive the bar up over your head. The vast majority
of people will press the bar up to lockout but in a position just in
front of the forehead. Make sure that you have the bar directly
above the back of your neck, a point that should have the bar, the
glenohumeral joint, and the mid-foot in a straight vertical line
(Figure 3-14). This is the position in which there is minimal leverage
operating against the primary segments of the kinetic chain – the
bar to the shoulder, and the shoulder down to the mid-foot. If the
bar is directly plumb to the shoulder joints, the load applies no
leverage to the shoulders. If the shoulders are plumb to the mid-
foot, the back and legs apply no leverage to the balance point. If the
bar is plumb to the mid-foot, the entire kinetic chain is in simple
compression, with no leverage against the primary segments.



Figure 3-14. The skeletal landmarks of the press. The lockout position is correct when
there is a perfectly vertical relationship between the bar, the glenohumeral joint, and the

mid-foot.

Once the bar is over your head correctly, lock your elbows
and shrug up your shoulders to support the bar. The bones of the
arm are lined up in a column by the triceps and deltoids; the
shoulders are shrugged up with the trapezius; and the arms and the
traps must work together to support heavy weights overhead.
Imagine someone behind you gently pushing your elbows together



and pulling them up at the same time, as illustrated in Figure 3-15.
The combination of locking the elbows out and shrugging the traps
up at lockout, with the bar directly over the ears, produces a very
firm, stable position at the top that involves all of the shoulder-girdle
muscles and prevents shoulder impingement.

It is helpful to think about the lockout as a continuation of the
upward drive, as though you are never finished pressing the bar
upward. When the load is heavy, this cue provides the last little push
necessary to get the bar into the lockout position. Think about
pressing the bar up to the ceiling.

 

Figure 3-15. Cues for the lockout position. (A) The bar is back in a position over the
shoulder joints, a point that will be well behind the forehead if the neck is in the normal

anatomical position. You might find it helpful to think of the bar being pulled back into this
position from behind. (B) The bar is then supported in this position with the triceps,

deltoids, and traps. To learn this position, you might find it helpful to feel a gentle upward
and inward squeeze on the humerus from either side, along with hearing a reminder to

“shrug” the bar up.

Step 2: After this lockout position is correct, it is time to
learn how to best drive the bar to this position. This step involves



making the bar path correct and establishing the proper movement
of your body in relation to the bar. Since the bar is sitting on your
deltoids, in front of the neck, and it must move up to a position
above the shoulder joints, several inches behind the starting
position, there must be a relative lateral movement of several inches
on the way up (Figure 3-16). But barbells like to travel in straight
vertical lines up and down, especially when they’re heavy. Our
vertical bar path must therefore be produced in a way that takes the
load from a position in front of the shoulders to the lockout position
plumb to the shoulder joints. We do this with motion of the torso.



Figure 3-16. The lateral distance between the initial position of the bar on the shoulders
and the final position overhead. This distance is covered by the movement of the torso as it

drives forward after the bar crosses the level of the forehead on its way up.

Lean back slightly by pushing your hips forward. This slight
movement must not be produced by bending the knees or the
lumbar spine. Rather, the movement is a function of only the hips.
Without the bar and with your hands on your hips, push your pelvis
forward and back a few times, keeping your knees and your low
back locked in position. Try to do this rocking motion with just your
hip joints. When the weight gets heavy, your abs will lock your low
back and your quads will lock your knees, involving both of these
muscle masses in the exercise isometrically. It’s easy unweighted,
but later it becomes a huge part of this challenging exercise (Figure
3-17).

 

Figure 3-17. The hip movement used in the press. With hands on the hips, shove your
pelvis forward and backward to simulate the torso movement used in the press. Do not

unlock your knees or your lower back.



When you understand this motion, take the bar out of the
rack, making sure that your grip and elbow position are correct, and
then push your hips forward and drive the bar up straight. As soon
as it crosses the top of your forehead, get under the bar. Move your
body forward under the bar and drive it to lockout. Don’t move the
bar back – slam yourself forward under the bar (Figure 3-18). When
you do this correctly, you will find that the forward torso movement
contributes to lockout at the top: as the shoulder drives forward, the
contracting deltoid and tricep bring the upper arm and the forearm
into alignment, thus driving up the bar.

   

Figure 3-18. The torso drives forward as the bar drives up.



Do this for a set of five, and rack the bar. Do as many sets as
necessary with the empty bar to clarify the concept of moving
yourself forward under the bar, as opposed to moving the bar back
to the shoulder joint. Make sure you’re leaning back before you start
to press, because it’s very common to start the press with a vertical
torso and then lean back as the bar starts up. Hips-forward must
occur before the press starts, or the bar will travel forward around
your chin, not up in an efficient vertical path.

 

Figure 3-19. The forward movement of the torso aids in the lockout. As the shoulder and
the elbow extend, the forward motion of the shoulder drives the distal end of the humerus

up, helping to straighten the elbow.

To further reinforce the vertical bar path, think about keeping
the bar close to your face on the way up. Aim for your nose as the
bar leaves your shoulders. Then, as you lower the bar for the next
rep, aim for your nose on the way down as well. You may actually
hit yourself in the nose before you figure this out, but you’ll probably



do it just once. By establishing a bar path close to your face on both
the concentric and eccentric halves of the movement, you practice it
starting from the very first sets of the exercise.

After as much practice with the empty bar as is necessary,
start up in 5-, 10-, or 20-pound jumps, whatever is appropriate for
your age and strength, until the bar speed begins to slow markedly
on the fifth rep of the set, and call it a workout.

Faults and Corrections
 

There won’t be nearly as many problems with the press as
there are with the squat or deadlift, because there are fewer joints
actively participating in the movement of the bar. Most problems are
either starting position problems or bar path problems, and they
result in a missed press for really just two reasons:
 

You fail to get the bar off your chest.
The distance between the shoulder and the bar becomes too
long a moment arm to overcome: bar path problems.

The first problem happens because you have lost your
tightness in the start position due to breathing errors, positioning
errors (chest not up, elbows not up, etc.), or a focus error or
because you have just gotten tired or the weight is too heavy. The
second problem occurs because you have produced an incorrect bar
path. You pushed the bar forward instead of up, you failed to hold
your position under the bar as you pushed it up, or you failed to get
back under the bar after it crossed your forehead. Let’s look at the
conditions under which these errors occur and figure out how to
prevent them.

Losing tightness
 



There are two types of upper back looseness that commonly
screw up the press. The first type, caused by letting the chest cave
in so that the upper back rounds, is very common. Heavy weight on
a press is uncomfortable enough already, without your exacerbating
the problem with a lack of good support. Keeping the chest up holds
the thoracic spine in proper anatomical position, and this is primarily
accomplished with the upper back muscles and your breathing
pattern. When the upper erector spinae muscles contract, they
rotate the rib cage up, holding it in place against the load on the
shoulders. Remembering to “lift the chest” is usually all that is
required, but most people will need to really focus on this in every
rep for a while. The attention span can be short under a bar,
especially a heavy bar on the front of the shoulders, and focusing on
technique gets more difficult as the weight gets heavier. A big held
breath – the same Valsalva maneuver that is used for all barbell
exercises – is your friend during the press. Air is support, in this case
for the rib cage as well as for the spine, and the act of tightening
and lifting the chest is so enmeshed in the action of taking a big
breath under a heavy load that the two are essentially inseparable.
They happen at the same time and they signal each other to
happen.



Figure 3-20. Lifting the chest is primarily a function of the upper back muscles.

You will have to take a new breath before each rep, at least
for a while, or you risk a “blackout” at heavier weights. Vasovagal
syncope is the term applied to a blackout or fainting. It can be
caused by a sympathetic/parasympathetic nervous system response
to 1) pressure on the neck from the bar, 2) the shrugged lockout
position, and/or 3) the general effects of the anterior bar position’s
load on the vascular structure in the neck that is known as the
carotid sinus. Pressure applied to the carotid sinus by any of these
three mechanisms can produce a blackout in susceptible people by
reducing the heart rate at exactly the wrong time (interestingly
enough, this seldom happens in women). The phenomenon is not



directly related to the Valsalva itself because a loaded Valsalva is not
a problem for healthy people in the squat, bench press, or deadlift,
in which the loaded Valsalva results in increased blood flow to the
brain. The chances of a blackout happening increases markedly if
you do not release the pressure between each rep by taking a new
breath.

Blackouts under the bar can be a problem because if you fall,
your weight room surroundings are never a comfortable place to
land in a big heap with a loaded barbell. The press and the rack
position of the clean are the only two places that blacking out is
usually a problem, so be prepared if it happens. You will feel a
change in perception before the event occurs. If possible, rack or
drop the bar. If the feeling persists or gets worse (your knees will
begin to wobble), take a knee so you’ll have a shorter distance to
fall. The blackout itself is harmless and will pass in a few seconds
with no lasting effects; the fall is the problem, so be careful.

The other way to be loose is to let the elbows and the
shoulders slide down, or to never get them up in the correct
position. When you fail to hold the elbows up, the shoulders drop,
too. This combination not only places the elbows in a bad
mechanical position to press, but also lets the bar drop down the
chest a little, thereby adding to the distance the bar must be
pressed. A longer bar path means more work done on the weight
from a worse position, thus decreasing the weight you can lift that
way. Keep your shoulders up and your elbows just in front of the bar
so that the bar path is shorter and more efficient and the bottom
position is better supported between reps.

Using an inefficient bar path
 

The second major problem is an inefficient bar path. Barbells
like to move in straight vertical lines, and your job is to arrange your
body movements so that the bar can do this. You have to lean back
before the press starts, and 95% of people will not lean back
enough to enable the bar to clear the chin without introducing



forward movement into the bar path. Leaning back enables you to
perform the press efficiently. Make up your mind that you are going
to lean back before you start every rep of the press.

The heavier the weight, the greater the tendency for the bar
path to head away from the shoulder joints. When the distance
between the shoulder joints and the bar gets to the point where the
leverage created by this moment arm exceeds your strength – even
if the load itself does not – you will get stuck on the way up. It is
critical to keep the bar close. Three common bar path problems
cause this to happen; pushing the bar away, failing to get under the
bar after it passes the forehead, and leaning back away from the bar
are all different problems, but they all affect the press the same way.



 

Figure 3-21. Pressing efficiency is strongly influenced by the mechanics of the pressing
position: the shorter the distance between the bar and the shoulders, the shorter the

moment arm. (A) Driving up close to the face provides this good mechanical position. (B)



Any movement of body or bar that increases the moment arm length is detrimental to
pressing efficiency. (M.A. = moment arm)

First, the most common form problem with light weights is
having the bar out in front too far, away from the face; this problem
is produced by a bar path that curves away from the face (Figure 3-
22). Heavy weights like to move in straight vertical lines because
they represent less energy expenditure than do longer, curved bar
paths. This is true for all barbell exercises, from the simple press to
the more complex snatch and clean and jerk. Heavy weights must
follow a straight vertical bar path in the press because heavy
weights can’t be pressed in a curve. And if the bar moves forward,
your back must go backward so that the system’s center of mass
stays balanced over the mid-foot. This loss of control erodes the
position necessary for a powerful press, with the delts and triceps
driving up on the elbows held close to the body, in a position of
increased mechanical efficiency with a shorter lever arm. Sometimes
allowing the elbows to drop into a lower position is what makes the
forearms less than vertical. This is an easy thing to correct if you
catch it early: raise your elbows until they are just in front of the bar,
and aim the bar at your nose. After you lock the bar out at the top,
aim for your nose on the way down so you can practice keeping the
bar close 10 times per set of 5 reps.



Figure 3-22. Problem 1: Pushing the bar away from the face produces pressing
inefficiency and a curved bar path. This error often happens if the bar is pushed forward to

clear the chin due to insufficient lean-back.

Second, leaving the bar out in front – not “getting under the
bar” – is a different problem, and it most definitely will occur with
heavy weights. When the bar has been started perfectly straight up
but the lifter fails to move forward under the bar after it clears the
head, the same position problem occurs at a higher point in the bar
path. You have to get in the habit of slamming your body forward
under the press just as soon as the bar passes your forehead. This
pattern must be embedded early in the process of learning the



exercise, and it must be consciously revisited each workout, from the
empty bar on up.

Figure 3-23. Problem 2: The failure to get under the bar after it crosses the top of the
head leaves the long moment arm between the bar and shoulders intact and

unmanageable. With this error, the lifter fails to take advantage of the torso driving forward
to help lock out the elbows.

There is another way to make the body get forward under the
bar at lockout. As is so often the case in athletics, a thing can be
conceived of and understood in many different ways. The lockout of
the press can be thought of as the shoulders moving forward under
the bar, but it can also be approached from the opposite direction,
as the hips moving back as the bar crosses the forehead. These are
obviously two different ways to explain the same concept. If the lift
starts with a slight hip extension, lockout is facilitated when the hips
are straightened fast and the shoulders and elbows are driven up, as
previously illustrated. Both the chest and shoulders moving forward



or the hips moving back produce the same net effect relative to the
bar; use the cue that helps you best. As you become experienced as
a lifter, you should get better at understanding the mechanics of
what is happening under the bar and be able to visualize more
solutions for movement problems you may be experiencing.

An emphasis on getting forward under the bar can result in a
balance problem, noticeable as a tendency to be on the ball of the
foot during the drive and lockout. A good connection with the
ground requires that the weight be evenly distributed over the whole
foot even as the bar is centered over the middle of it. Any shifting
forward during the press must be done in the context of the entire
body staying in balance under the bar. If the forward shift is
sufficient to actually alter the center of gravity of the lifter/barbell
system, you will have to compensate by moving a foot or both feet
forward to avoid losing balance. Getting under the bar comes from a
shift in torso position, not from a shift affecting the body all the way
to the ground. Excessive movement disrupts the kinetic chain and
the lift. For some people, the initial forward hips position can be
cued by thinking about shifting the weight to the toes and squeezing
the glutes, but as soon as the drive upward starts the system must
return to balance over the mid-foot. Thinking about the mid-foot and
its relationship to the bar as a vertical slot in which to drive the bar
upward is the best cue for correcting a balance problem.

The third bar path problem is the tendency to push yourself
away from the bar. Leaning back during the drive off the shoulders is
a problem that gets worse as the weight gets heavier. Hips are a
vital part of the press, with a little hip extension established to
“cock” the drive off the shoulders. Timing gets off, and you drive the
bar up and then lean back from the hips, instead of leaning back
first and then driving the bar up. The distance between the bar and
the shoulders increases, not much at first but enough to kill the
press when the weight gets heavy. The bar path itself may start out
vertical, but as the leverage decays, the bar will drift forward.



Figure 3-24. Problem 3: Excessive layback is not the same as pushing the bar forward.
Note the position of the bar over the mid-foot, except that the torso is too far behind the
bar, contributing to moment arm length and an excessive horizontal distance to make up

during lockout.

This problem usually occurs due to a loss of control over the
lower back position, when the lean deteriorates into a lumbar
overextension instead of being a hip movement. Since extreme
loaded hyperextension of the lumbar spine is dangerous, it’s best to
never lose control of the back at all. The problem here will be
abdominal muscle control, and may simply be weak abs. The rectus
abdominis acts directly against lumbar hyperextension by providing
tension between the rib cage and the pubis, counteracting lumbar
hyperextension and increasing intra-abdominal pressure to reinforce
correct lumbar curvature from the anterior side of the trunk (Figure
3-25). Weighted sit-ups can be helpful to develop a strong set of
abs.



Figure 3-25. Weak abdominal musculature can account for excessive layback. Very strong
pressers have very thick sections of rectus abdominis.

Heavy weights tend to blur awareness of the fine points of
technique and position, as anyone who has trained heavy knows. We
depend on our training, which has embedded the correct motor
pathways, and coaching – when we can get it – to keep our form
correct and efficient. Most often, when you miss a heavy press in
front, you won’t know why: a position error of a couple of inches is



hard to feel under a heavy weight. Most often you didn’t get under
the bar. You must drill this movement pattern during the warm-up
sets, both in the drive up and when lowering the bar, so that you
can do it without a lot of thought and conscious direction during the
work sets.

There are two breathing patterns that can be used during the
set. The first pattern, which seems to be more useful for novices
using lighter weights, is to breathe at the top of the press, at
lockout. It has to be a quick breath, taken without relaxing anything
that is supposed to be tight. It has the advantage of allowing you to
rebound the bar quickly off of your shoulders after the first rep,
making the press analogous to the bench press with the stretch
reflex at the bottom. This use of a stretch reflex is fine at first, but
most lifters tend to outgrow this and adopt the pattern of breathing
at the shoulders between reps. This second method requires that
the lifter stay very tight, with chest up during the breath, a thing
learned with experience. Breathing at the top allows a novice to
handle heavier weights while learning the skills necessary to
maintain control during the press, and it will work better for flexible
people who can get in a good forward lockout position to catch a
breath. Breathing at the shoulders allows the more experienced lifter
the luxury of a second or two of rest between heavy reps and
maintains the breathing pattern of the first rep throughout the set.
Try both methods and see which works better for you.

As mentioned earlier, eye position is important for good body
position. It is also the key to good neck positioning, and your
cervical spine will appreciate the attention. If you are having
problems of any kind, especially an unpredictable bar path or lockout
position, always check to make sure your eyes are looking at the
right place. Or get someone else to check you during a set; it is
often hard to remind yourself to do this after the bar is out of the
rack. Correct eyeballs solve lots of problems with all the lifts in this
program.

Cheating with a push press



 

Another common problem is that when the weight gets heavy,
most people try to turn the press into a push press, by starting the
bar up with a push from the knees. This is a logical way to cheat –
after all, the hips and legs are much stronger than the shoulders and
arms, and a little sharp squat-like bounce generates a lot of power.
If a push press is the intended exercise, then at least do it correctly,
with the bar resting firmly on the deltoids for a firm transfer of
power to the bar, and a sharp dip and drive using a knee and hip
bounce, not a slow push out of the knees. The push press can be
done with more weight than the press can, much more with
practice. But if you are trying to do a press, you must do it with
correct press technique, which uses the quads to squeeze the knees
into lockout and uses the hip thrust to start the bar up. If the weight
is too heavy to do with correct press technique, take some off.

Some people are reluctant to admit they have too much
weight on the bar, in the same way that they are likely to take too
big an increase in weight each workout. The ego interferes with
thinking, causing an attempt to handle weights that cannot be lifted
with correct form. As with all exercises, correct form is necessary for
real progress and for safety. The push press enables heavier weight
to be handled, true, but the shoulders are doing less of the work
while the triceps are getting better at locking out the bar. This is fine
if kept in proper perspective: push presses make a good assistance
movement for the press, but they are no substitute for it. Strict work
with good form causes strength to be developed in the target muscle
groups. More important, you need to learn how to bear down on a
hard rep and finish it without cheating so that you develop the
mental discipline to stay with a hard task and finish it correctly. This
is one of those indirect benefits that can be obtained from physical
education. If you learn nothing else from training, it is very
important to learn that your limits are seldom where you think they
are.



   

   

Figure 3-26. The press.



Chapter 4: The Deadlift
 

Lower-back strength is an important component of sports
conditioning. The ability to maintain a rigid lumbar spine under a
load is critical for both power transfer and safety. The deadlift builds
back strength better than any other exercise, bar none. And back
strength built with the deadlift is useful: while the bar is the most
ergonomically friendly tool for lifting heavy weights, a 405-pound
barbell deadlift makes an awkward 85-pound box more manageable.

The basic function of the lumbar muscles is to hold the low
back in position so that power can be transferred through the trunk.
They are aided in this task by all the muscles of the trunk: the abs,
the obliques, the intercostals, and all of the many posterior muscles
of the upper and lower back. These muscles function in isometric
contraction – their main task is to prevent skeletal movement in the
structures they are supporting. When the trunk is held rigid, it can
function as a solid segment along which the force generated by the
hips and legs can be transferred to the load, which will lie on the
shoulders, as in the squat or the press, or go across the shoulder
blades and down the arms to the hands, as in the deadlift. There is
no easy way to do a deadlift − one which doesn’t involve actually
picking up the bar − which explains their lack of popularity in most
gyms around the world.

The deadlift is a simple movement. The bar is pulled, with
straight arms, off the floor and up the legs until the knees, hips, and
shoulders are locked out. Immense weights have been moved in this
way by very strong men. In powerlifting, the deadlift is the last lift in
the meet, and the expression “The meet don’t start till the bar gets
on the floor!” is very telling. Many big subtotals have been overcome
by strong deadlifts, especially in the days before squat suits and
bench shirts. The meet was often won by a lifter with a bigger
deadlift than his squat. It is hard to overstate the strength of a man



with an 800+ lb deadlift, a feat accomplished by only elite lifters.
Nine-hundred-pound contest deadlifts are more common than they
used to be, although many more lifters have done them with straps
(which eliminate the grip-strength aspect of the lift).

  

Figure 4-1. The deadlift, as performed by brutally strong men. (A) John Kuc, (B) Doyle
Kenady, and (C) Andy Bolton.

The deadlift is brutally hard and can therefore complicate
training if improperly used. It is very easy to do wrong, and a wrong
deadlift is a potentially dangerous thing. There will be a few trainees
who simply cannot perform this movement safely with heavy
weights, due to a previous injury or an inability to perform the
movement correctly. The deadlift is also easy to overtrain; a heavy
workout takes a long time to recover from, and you must keep this
fact in mind when setting up your training schedule.

For the vast majority of lifters, the deadlift should be an
essential part of training. It is the primary back strength exercise,
and it is an important assistance exercise for the squat and
especially for the clean (for which it is an important introductory
lesson in position and pulling mechanics). The deadlift also serves as
a way to train the mind to do things that are hard.



Figure 4-2. Stabilization of the spine during the deadlift is essential and is accomplished
the same way as in the squat. Intra-abdominal and intrathoracic pressures increase in

response to the contraction of the trunk musculature coupled with the Valsalva maneuver.

There are two ways to perform the deadlift used in
competition: the conventional, with the feet inside the grip; and the
“sumo” style, with the feet outside the grip. The sumo-style wide
stance produces the effect of shorter legs, thereby allowing for a
more vertical back angle and a shorter moment arm along the trunk
segment, thus reducing the effective load on the trunk segment
(Figure 4-3). This shortening is similar to the effects of a snatch grip
in Olympic weightlifting, which produces artificially “shorter” arms



for the purpose of reducing the distance the bar travels to lockout
overhead. Since our purpose is the development of lower back
strength through the effective use of exercises that work the lower
back muscles, the sumo deadlift will not be used in this program.

First, some general observations about the deadlift, in no
particular order. It can be used as a leg exercise if injury prevents
squatting. It is not nearly as effective as the squat for this purpose,
due to the lack of hip depth used in the starting position (Figure 4-3,
A). But this is the very reason it can be used if a knee or hip injury
makes squats too difficult or painful, and at least some leg work can
be done while healing takes place. A high-rep deadlift workout can
provide enough work to maintain some leg conditioning, even if the
injury is something – such as a groin pull or a not-too-severe quad
tear – that would prevent the lifter from doing heavier, low-rep
deadlifts.

 

Figure 4-3. The mechanical effects of stance and grip width on the lifter’s relationship with
the bar. (A) Conventional deadlift start configuration. (B) A wide (snatch) grip shortens the

distance the bar has to travel overhead, but because this grip essentially produces



artificially short arms, it also changes the back angle of the pull. (C) Likewise, a wide stance
in the deadlift (sumo, with the grip inside the legs) produces artificially short legs.

Tremendous leg power can be exerted in the deadlift starting
position, which uses essentially a half-squat depth, so the challenge
is usually to keep your back tight to break the bar off the floor. Quad
strength is seldom the limiting factor in the deadlift, although the
hamstring strength often is. If the bar gets past the knees with the
back staying flat enough, the legs can lock out what the back can
support. If the bar stays on the floor, the problem is either the grip,
an injury producing sufficient pain to distract from the pull, a lack of
experience with pulling a heavy weight that would rather stay where
it is, or just too much weight on the bar.

A deadlift requires the production of force from a dead stop,
thus the name. Deadlifts differ from squats in more than just depth
at the bottom: the deadlift starts with a concentric contraction and
ends with an eccentric contraction. The squat begins eccentrically, as
the bar is lowered from lockout, and then returns to lockout with the
concentric contraction, as in the bench press. To review, an eccentric
contraction occurs when the muscle lengthens under tension, and a
concentric contraction occurs when the muscle shortens during
tension. (Muscles don’t “flex”; they contract. Joints flex and extend.)
Sometimes referred to as the “negative,” the eccentric phase usually
lowers a weight, whereas the concentric phase raises it. The stretch
reflex occurs at the transition between lowering and raising, and
many studies have shown that a muscle contracts harder
concentrically when this contraction is preceded by a stretch, which
is the very thing provided by an eccentric contraction. Demonstrate
this to yourself by trying to do a vertical jump without dipping down
to start the jump. Or try applying this principle to barbell curls by
starting them from the top instead of from the bottom. The down
phase, if used skillfully, makes the up phase much easier. But a
deadlift is not preceded by any loaded stretch reflex, no matter how
much drama and hip movement the lifter engages in before the pull.
Much of the effect provided by the eccentric/concentric transition



comes from the viscoelastic energy stored in the muscles and
tendons that are elongating under a loaded trip to the bottom of the
range of motion; if there is no loaded trip, there is no energy to
store. The deadlift starts at the mechanically hardest part of the
movement and requires the lifter to generate the entire explosion
necessary to break the bar off of the floor and get it moving up,
without any help from a negative or anything else.

Grip strength is crucial to the deadlift, and the deadlift works
grip strength better than any other major exercise. It is the limiting
factor for many lifters with smaller hands or short fingers, or for
lifters who rely too much on their straps when training. The lift is
famous for its alternate grip to the extent that many people use it
just because they are deadlifting and they think that’s just what you
do when you deadlift. Using the double-overhand grip as much as
possible makes for stronger hands, though, and keeps the stress on
the shoulders symmetrical. The alternate grip prevents the bar from
rolling in the hands, since it is always rolling up into one hand as
much as it’s rolling down out of the other. In contrast, the straight
double-overhand grip makes you squeeze the bar. So if all the warm-
ups possible are done with a double-overhand grip, and the
alternate grip is reserved for the really heavy sets, grip strength
develops quickly. Novices are often able to pull their heaviest sets
with a double-overhand grip because their hands can be stronger
than their backs. More advanced lifters find that they need to flip a
hand over to an alternate grip when the weight gets very heavy.
(Most lifters prefer the non-dexterous hand for the supine, or
underhand, side of the alternate grip.)



Figure 4-4. The alternate grip. Most people prefer to supinate the non-dexterous hand.

For those not intending to deadlift at a meet, straps may be a
logical choice for the heavy sets, since using one supine hand and
one prone hand produces asymmetrical stress on the shoulders, can
cause or aggravate biceps tendon problems on the supine side in
some people, and has a tendency to push the bar forward of the
mid-foot on the supine side due to bicep tension. Your decision to
strap the heavy sets will be based on personal preference, flexibility,
and training goals. If you do your warm-ups without straps and go
as heavy as you can that way, your grip will still get most of the
benefit of the exercise, but without the supine-side shoulder
problems that sometimes accompany the alternate grip.

Figure 4-5. When properly used as training aids, straps can remove grip strength as a
limitation. Used inappropriately, they can prevent the development of improved grip

strength.

Anybody who has trained the deadlift for a few months has
had the experience of pulling on a weight that seemed too heavy
even to break off the ground when tried with a double-overhand
grip, only to find that it goes up surprisingly easily when the grip is
alternated. The back will not pull off the floor what the hands cannot
hold, due to proprioceptive feedback that tells the back that the
weight is too heavy. When the grip is flipped and the hands don’t



slip as the load increases off the floor, the back doesn’t receive the
signal that makes it stop the pull. A long, heavy deadlift can get
dropped from higher up the legs with any style of grip, but most
lifters cannot even break a weight off the floor that is so heavy that
it opens the hands at the start of the pull. Deadlift straps have a
place in training, but judgment must be exercised here; they can
cause as many problems as they solve. Straps can allow heavier
back training if grip is the limiting factor, or they can cause grip to be
a limiting factor by preventing it from getting strong if they are used
too often with too light a weight.

The hands are prone to callus formation as a normal part of
training. All lifters have calluses, and need them to protect the hands
from blisters and tears. Skin adapts to stress like all other tissues do;
skin thickens precisely where it receives the stress of abrasion and
folding. Calluses are bad only if they are excessive, and gripping the
bar incorrectly causes excessive callus formation. Most lifters do this
and have never considered the role of the grip in callus formation.
Heavy calluses tear frequently, usually on the distal palmar crease
(and most often into the base of the ring finger because ring
wearing has already produced a starter callus there). A torn callus
makes the rest of the meet a challenge, eased only by some
lidocaine gel that you might have in the gym bag if this has
happened to you before. But if the bar is gripped correctly, callus
buildup is kept minimal and the problem is not nearly as bad.



 

Figure 4-6. (Left panels), (A) Gripping the bar correctly, well down into the hook of the
fingers, will reduce the amount of callus development. (Right panels), (B) Gripping the bar
too high in the hand will allow the bar to slide down into the fingers, folding the palm skin

as it goes. This folding along the area between the distal transverse crease and the
proximal digital crease causes most callus formation. If they become excessively thick,

calluses can tear off during heavy lifts and ruin the rest of your day.

When you’re setting the grip, if you place the bar in the
middle of your palm and wrap your fingers from there, a fold forms
at the distal end of your palm, right before the area where your
fingers start. When you pull the bar up, gravity shoves this fold
farther down toward your fingers, increasing the folding and stress
on this part of the skin. A callus forms here as a result, and the
presence of the callus amplifies the folding problem by making the
fold even thicker. If you grip the bar farther down toward your
fingers to begin with, it can’t slide down much because it’s already
there. This is actually where the bar needs to be, since gravity will
pull it there eventually. And since the bar should stop there anyway,
you might as well start in this position. You also get the advantage
of having less far to pull the bar; if it is farther down in your fingers,
then your chest is up higher, your position off the floor is easier, the



bar locks out farther down your thigh, and the bar has a shorter
distance it has to move before being locked out.

Figure 4-7. Hand surface anatomy. The bar should be between the distal transverse
crease and the proximal digital crease.

Equipment can contribute to callus formation, and this fact
applies to all the lifts. A bar with an excessively sharp knurl is an
annoying thing to have to use in the weight room. Older bars usually
have better knurls than newer bars; either the older ones are worn
smooth or they were made more correctly (it seems that companies
decided to start making Texas Chainsaw Massacre knurls in about
1990). Bad knurls can be improved with a big mill file and about an
hour’s work.

Chalk is important for hand safety. It keeps the skin dry and
tight, making folding under a load less of a problem. You should
apply chalk before you start training every day, for all the lifts. If
your gym is one of those that do not allow chalk, for reasons of
cleanliness or perception, you need to reevaluate your choice of
gyms.

Gloves have no place in a serious training program. A glove is
merely a piece of loose stuff between the hand and the bar, reducing
grip security and increasing the effective diameter of the bar. Gloves



make bars harder to hold on to. The gloves that incorporate wrist
wraps prevent the wrists from getting used to training. The only
legitimate use for a glove is to cover an injury, like a torn callus or a
cut, when the workout is important enough to do with the injury and
it cannot be done without the covering. A desire to prevent callus
formation does not constitute a legitimate use. If your gym makes a
lot of money selling gloves, you have another reason to look for a
different gym. And if you insist on using them, make sure they
match your purse.

Deadlifts are hard. Many people don’t like to do them. Most
people, even the ones who will squat heavy and often and correctly,
will leave deadlifts out of the workout at the slightest provocation.
This is the reason most powerlifters squat more than they deadlift –
there was often no “time” to do them in the program. But doing
them adds back strength, and back strength is necessary for the
other lifts, and for other sports, work, and life. So let’s learn how to
do them.

Learning to Deadlift
 

The bar should be loaded to a light weight relative to your
capability. A light weight for a novice 55-year-old woman will be
different from that for an 18-year-old 205-pound athlete. Your gym
should be equipped to load weights as light as 55 pounds, or
possibly even lighter, to accommodate people of all levels of ability.
This makes it necessary to obtain 5–10 lb plastic training plates that
space a “45” lb (20 kg), 15 kg, or even 10 kg bar off the floor to the
same height as a standard plate: 17¾ inches, or 45 cm. If you
cannot get these light plates, you can place blocks under 10 or 25 lb
iron plates, or set the bar at the correct height in the power rack;
the small iron plates place the bar closer to the floor than most
people’s flexibility can accommodate in a correct starting position.
Judgment must be exercised here; the starting weight must be light
enough so that if your form is bad, you cannot hurt yourself, just in



case these instructions are not followed closely enough. So 55
pounds or lighter will be the starting weight for some people, 40
kilos (88 pounds) will work for most women and lighter-bodyweight
novices, and 135 pounds will work for athletes and more
experienced trainees. There is never a reason for anyone other than
a competitive lifter to start heavier than 135 pounds.

Figure 4-8. The standard plate diameter provides a standard height for the bar above the
floor. Different weights in this standard diameter allow people of different strength levels to
pull from this standard height, 8? inches or 20.5 cm between the bottom of the bar and the

floor.

This method for learning the deadlift proceeds in five steps.
Pay careful attention to each step as you are learning. As the steps
become more practiced and familiar, they will merge into a
continuous pattern of movements.
 

Step 1: Stance
 

The stance for the deadlift is about the same as the stance
for a flat-footed vertical jump, about 8–12 inches between the heels,
depending on anthropometry, with the toes pointed out. Bigger,
taller people with wider hips will use a proportionately wider stance.



This stance is much narrower than the squat’s stance because of the
difference between the two movements: the squat is done from the
top down, with the hips lowered and driven up; the deadlift starts at
the bottom, with the feet pushing the floor, the back locked in place,
and the legs driving the floor away from the bar. The difference in
stance is due to this difference in hip and knee mechanics and the
need to accommodate a narrow grip for pulling efficiency (Figure 4-
9).

Figure 4-9. The starting stance for the deadlift places the heels approximately 8–12 inches
apart, with the toes pointed slightly out.

The bar should be 1–1½ inches from your shins. For almost
every human being on the planet, this distance places the bar
directly over the middle of the foot, the position over which the bar
stays on its way up to lockout. Most people are reluctant to keep the
bar close enough to their legs during the pull, as well as when
setting it down, and for that matter before the bar leaves the
ground. This reluctance is often due to the fear of marring the
beauty of the shins and thighs and a lack of appreciation of the
significance of balance in the pull. Efficient bar paths are straight
vertical lines, and if the bar starts from a position directly over the
mid-foot and travels vertically to lockout directly over the mid-foot,
the most efficient pull will have occurred. It is common to mistake
the middle of the forefoot – between the tibia and the end of the
toes – for the middle of the whole foot, the place the bar should



actually be. The bar should be positioned with half the foot forward
of the bar and half the foot behind it, so that the bar is directly over
the middle of the arch of the foot, the point directly under which the
weight of the lifter/barbell system is centered across the sole of the
foot against the ground.

  

Figure 4-10. The difference between the middle of the whole foot – seen from the side
(A), and from the coach’s perspective (B) – and the middle of the forefoot (C), seen from

the lifter’s perspective from above, the most common mistake in stance placement.

When you have the bar in this position, point your toes out.
The angle will be at least 10 degrees and maybe as much as 30
degrees (see the picture of George Hechter in Figure 4-39). Your
toes might be more pointed out than you want them to be. This
stance places the hips in external rotation just as it did for the squat,
providing the same benefits: more adductor and external rotator
involvement in the movement, as well as clearance between the
femurs for the torso so that a good start position can be obtained.
 

Step 2: Grip
 



After you have assumed the correct stance, grip the bar,
double-overhand and thumbs around, at a width that places your
hands in a position in which your hands are close to your legs,
without being so close that you rub your thumbs against them as
you pull. This grip results in the shortest distance to lockout for the
barbell (as should be obvious from our discussion of the snatch grip
earlier). Bar markings are the knurling on a standard Olympic bar,
which will always have a smooth space in the middle (and which
may have a 6-inch center knurl in the middle of this space).
Standard bar markings are at about 16½ inches for this middle
space, so the grip can be set according to this dimension. Most
people’s hands will be about an inch into the knurl, or about 18½
inches between hands. Bigger people will need to use a
proportionately wider grip to match their stance, while most women
will need to put their hands closer together than this, with their
index fingers on the edge of the knurl. Be aware that most people
tend to take too wide a grip. If your grip is 3 inches into the knurl
and your hands are touching your legs, your stance is too wide
unless you are very broad through the hips.

Figure 4-11. The grip width should be just outside the legs when the feet are in the
correct position. This placement allows the thumbs to just clear the legs on the way up.

Take your grip on the bar by bending over at the waist, stiff-
legged, without lowering the hips. Most important at this point and
for the following steps is that you DO NOT MOVE THE BAR. You



have gone to considerable trouble to place the bar directly above the
mid-foot for pulling efficiency, and if you move it during this or any
subsequent steps, you will have undone Step 1.
 

Step 3: Knees forward
 

With your grip secure, bend your knees and drop them
forward just to the point where the shins touch the bar. Again, DO
NOT MOVE THE BAR, since it is already where you want it over
your foot. Hips do not drop down during this movement – only the
knees and shins move. Once the shins are touching the bar, the hips
freeze in position. They do not drop any farther. Now shove your
knees out just a little to establish the slight angle of the thighs and
knees that keeps them parallel to your feet. Knees will be in contact
with elbows after this happens, and that is fine. The correct grip
width will have the clearances very close during the pull, and if the
grip is correct and the thighs are externally rotated a little, the knees
will touch the elbows. Most people will try to lower their hips during
this step. If you do this, you will push your knees forward, thus
pushing the bar forward. Just touch the bar with the shins and shove
your knees out just a little.

Step 4: Chest up
 

This will be the most difficult step for most people: squeeze
your chest up into the deadlift start position. Lifting the chest is
accomplished by using the muscles of the upper back, and this starts
a process of spinal extension that finishes at the pelvis. While
gripping the bar, being careful NOT TO MOVE IT, shove your rib
cage up so that your chest rotates up between your arms. Let this
contraction continue down your back until your lumbar spine is
tightened into contraction as well. In this way, your back is properly
positioned for you to pull without dropping your hips – the back will
have positioned itself correctly so you can pull from the top down



instead of by lowering the hips, which would shove the bar forward.
DO NOT try to squeeze your shoulder blades together in the back;
scapular adduction will pull you down closer to the bar into a
position that you cannot maintain with a heavy weight because
that’s not where your shoulder blades actually stay during a pull.
When you are in the correct position, stare at a point 12–15 feet in
front of you on the floor so that your neck can assume its normal
anatomical position. You might need to think about keeping your
chin down, too.

This step will be difficult because of hamstring tension
fighting against the proper extension of the lower back. Remember:
The back muscles and the hamstrings are in a war for control over
your pelvic position, and the lower back must win. During this step,
most people will try to drop their hips. If you do this, the bar will roll
forward of the mid-foot. Your hips will probably be higher than you
want them, especially if you have been deadlifting using another
method. Keep your hips up, and compensate for this weird feeling by
squeezing the chest up even more. After you do a few deadlifts and
your hamstrings get warm, the movement will feel better and more
familiar.
 

Step 5: Pull
 

Take a big breath and drag the bar up your legs. This means
exactly what it says: “drag” implies contact, and the bar never leaves
contact with your legs on the way up to lockout. This step will be the
first time that the bar actually moves at all, and if you do it correctly,
the bar path will be a straight vertical line, starting at its position
directly over the mid-foot and ending at the top at arms’ length with
your chest up, knees and hips in extension, spine in the normal
anatomical position, and feet flat on the floor. If at any time during
the pull the bar leaves your legs – which often happens as the bar
gets above the knees and near the thighs – it will be off balance,
forward of your mid-foot.



If the bar loses contact with your shins as you start the pull, it
has traveled forward. Leaving the bar out away from the legs may
be due to the perfectly natural desire not to scrape the shins, but
the bar must remain close to the legs to avoid getting it out of
balance. Make up your mind that you’re going to keep it close, and
wear sweats or thin shin guards to protect your shins if you have to.
If the bar moves forward anyway and you’re sure you are squeezing
your chest up, chances are that you were not in balance over the
mid-foot when you started the pull. This problem is commonly
encountered with people who are wearing weightlifting shoes with
heels that are too tall, or with people who have long legs and a short
back. If this happens, you will need to insert another step, Step
4.5: before you start the pull, get your weight back off of
your toes. Don’t exaggerate this by trying to get back on your
heels; just rock back a little and get the weight off of your toes and
back onto your mid-foot, and then think about pushing the mid-foot
straight down into the floor.

At the top of the pull, just lift your chest. That’s all; don’t
shrug your shoulders either up or back, and don’t lean back. Just
raise the chest. Seen from the side, this position will be anatomically
normal, with both lordotic and kyphotic curves in unexaggerated
positions, your eyes looking slightly down, your hips and knees fully
extended, and your shoulders back. This is the position your body
must assume to safely bear weight, and the correct back position
during the pull provides a safe way to transfer the load from the
ground to this upright position. Refer to Figure 4-12, 5d, for this
position.

Down should be the perfect opposite of up, the only
difference being that the bar can go down faster than it went up. It
is just as easy to injure the back by setting the bar down incorrectly
as it is by picking the bar up incorrectly, and it is extremely common
to set the bar down wrong, with a round back and the knees
forward, even if you have pulled it correctly off the floor. A non-
vertical bar path makes no more sense on the way down than it
does on the way up. Be sure that you lower the bar by first
unlocking your hips and knees, and then shoving your hips backward



and letting the bar slide down your thighs in a straight vertical line,
with your lower back locked in extension, in a movement that is the
opposite of the upward bar path. As the bar passes your knees,
bend them to finish setting the bar down, never unlocking the back.
If your knees go forward before the bar passes them on the way
down, the bar will obviously have to go forward to get around them,
and this usually means that you will have also released your tight
back position.

Fix your eyes on the floor at a point that is 12–15 feet in front
of you, to put your neck in the normal anatomical position, and pull
a set of five. Think very hard and pay close attention to your form,
concentrating especially on your back position and keeping the bar
close to your legs. If you’re sure your form is good enough, add
weight for a few sets until it feels like the next increase might be a
problem, and that’s the first deadlift workout.
 

 



 



  

Figure 4-12. The five steps for a perfect deadlift. 1) Take the correct stance. 2) Take your
grip on the bar. 3) Drop your shins forward to touch the bar, pushing your knees out slightly

and without dropping your hips. 4) Squeeze your chest up, with your weight on the mid-
foot. 5) Drag the bar up the legs.

Back Position
 

Everything else can be wrong with the deadlift and nothing
really bad will happen, but if your low back is round under a big
load, safety will be compromised. So now is the time to learn the



most important part of the deadlift: setting the back correctly. After
you set the bar down, stand up without the bar and lift your chest.
At the same time, arch your lower back by thinking about sticking
your butt out. Refer to Figure 4-13 and imagine a coach touching
you on the chest to cue your chest-up position, and touching you at
the small of your back to cue your lumbar arch. The touch on your
lower back gives you a point to “curl” your low back around as you
stick out your butt, the net effect of which is to cause the erector
spinae muscles to contract under your conscious direction.

  

Figure 4-13. Become familiar with the position the back should assume during the pull.
Lifting the chest toward the hand of a coach places the upper back in extension, and
arching the lower back around a hand in contact with the muscle bellies of the lumbar

spinal erectors puts the lower back in extension.

The arched position in which the contracted spinal erector
muscles place the lower back is referred to as lumbar extension. You
will probably not be able to maintain this degree of lumbar extension
at the starting position with the bar on the floor because hamstring
tension will pull your pelvis and lumbar spine out of this position to
some extent, depending on your flexibility. A few people – usually
women and underweight men – are so flexible that they can produce
lumbar overextension at the bottom (Figure 4-14). This is not



desirable at all because an over-arched lower back is just as bad –
and perhaps much worse – a position for the lumbar discs and their
normal weight-bearing ability as a rounded one. A loaded,
overextended lumbar spine can not only harm the intervertebral
discs but also damage the facet joints and the close-by nerve roots.
The desirable position is an anatomically normal lordotic curve or
normal anatomical arch. But to achieve this, most people will need
to concentrate on an exaggerated extension, because even the
correct arch will test the limits of most people’s flexibility. The point
here is to learn to set your back and identify and control the muscles
you must use to do this, so that you can quickly develop the correct
position. Once again, just to be sure you understand: an
overextended lumbar arch is NOT the position to use to start
the deadlift. Normal anatomical position is. But it may be
necessary to try for overextension in order to produce normal
anatomical position.

 

Figure 4-14. (A) The correct starting position for the lower back uses a normal anatomical
arch. (B) A hyperextended lordotic curve is both unnecessary and counterproductive, as
well as being difficult for people of normal flexibility to attain. The idea that the lumbar

spine must appear to have a visible lordotic curve in order to be in the correct position is a



misconception based on the appearance of skinny people in this position. Muscular men will
be in the correct position when the low back appears flat due to the muscle mass of the

erectors. Be aware that a hyperextended position is not actually desirable, but an inflexible
person might need to try to hyperextend just to get into a correct lordotic position.

The majority of the problems encountered in the deadlift will
involve an incorrect lower back position. Most novice trainees who
exhibit the most common incorrect back position in the deadlift – a
round lower back – are completely unaware of their back position.
They are unable to identify the correct position, the incorrect
position, or any position in between. This may be your problem if
you struggle for more than a couple of workouts with your deadlift
form. You may lack the kinesthetic sense – the ability to identify the
spatial position of your body or a body part – required to perform
the movement correctly. The cause of this may be related to visual
perception: you can’t see your lower back, and you haven’t even
attempted to look at it. You can tell if your elbows are flexed or
extended, but you have no idea if your low back is flexed or
extended, probably because you haven’t thought about it before,
because you can’t see the muscles involved. Arms are in view, both
in a normal field of vision and in a mirror, and it is natural to relate
voluntary control to an observed, observable movement. In contrast,
the lower back is behind you, and it would require a truly innovative
mind to think of an excuse to look at the action of the lower back in
a mirror from profile while picking up stuff in the garage.



Figure 4-15. A rounded lower back is the most common problem encountered for most
people learning the deadlift. Step 4 in the setup is where this must be corrected.

Fixing low back problems requires an awareness of what the
lumbar muscles do, what it feels like when they are doing these
things, and what must be done to do them every time. Repeat the
action of lifting your chest and sticking your butt out several times to
practice the voluntary contraction of these muscles. Just to be sure,
get on your belly on the platform and do the drill described in the
“Back” section of the Squat chapter a few times, too. Setting the
back is essentially the opposite of a sit-up, which is an active flexion
of the spine. Active extension of the spine activates the muscles on
the other side of the torso, and thinking about it this way can help.

Once you know what an extended low back feels like, you can
get yourself into a good position at the bar in steps. Take your
correct starting stance, set your back, and lower yourself into
position a little at a time by shoving your butt back, your knees out a
little, and your shoulders forward, going down until you feel your
lower back break out of extension. Then come back up as high as
necessary to set it in extension again, and then try to get a little



lower than the last time. In this incremental way, you can eventually
get into a reasonably good starting position at the bar.

Back injuries are fairly common in the weight room, and
unfortunately this is a part of training with heavy weights. Both
squats and deadlifts, as well as cleans and all other pulling exercises,
can produce these painful, inconvenient, and time-consuming
problems. But knowing what actually causes them can lend a whole
new perspective on how necessary it is to prevent position errors
that result in these injuries.

If you go to the doctor when you have a back injury, nine
times out of ten she will tell you that “You just tore a back muscle.
Take these drugs and quit lifting so much weight.” This diagnosis
and recommendation reflect a lack of personal experience with these
types of injuries and a lack of understanding regarding how and
when muscles actually get torn and how they heal.

Torn muscle bellies bleed. They are vascular tissues, and a
tear of any significance disrupts the connective-tissue components of
the muscle belly to the extent that the contractile and vascular
components burst; blood then begins to accumulate in the area of
the tear, producing a hematoma. This looks like a large bruise and
goes through the same processes that bruises do as they reabsorb
and heal. Bad tears will leave a visible gap in the muscle belly. Minor
tears hurt like hell, too, but they don’t bleed enough to make a
noticeable bruise. Little ones heal quickly, while a major tear can
take several weeks.

The majority of muscle tears occur in the thighs and legs,
with bench pressing accounting for quite a few torn pecs. These
muscles are attached to long bones that either move heavy weights
over a long range of motion or accelerate the bones themselves very
quickly over a long range of motion. In tears that occur during the
bench press or the squat, the weight itself provides more resistance
than the muscle can temporarily overcome and the rupture strength
of the contractile tissue is exceeded. These tears can occur at any
velocity of movement, even after sufficient warm-up. More
commonly, running injuries occur in which the contractile strength of
either the agonist or the antagonist muscle exceeds the rupture



strength of the opposing component. Hamstrings, quads, and calves
are torn with unfortunate frequency, and this becomes more
common as athletes age and lose both muscle and connective tissue
elasticity.

The common feature of muscles that are the most subject to
belly rupture is the job they do: they accelerate long bones around
an angle. To do this, they produce long ranges of motion and
relatively high angular velocities. Contrast this to the job of the
spinal muscles: they produce and hold an isometric contraction.
They are postural muscles, and their primary function is to hold a
column of small bones in a constant position relative to each other.
Their morphology reflects this task: the spinal muscles are long
muscles, true, but they all have multiple origin and insertion points
on a closely spaced, segmented, bony structure that is designed to
be held in place while the appendicular structures – the arms and
legs – propel it through space. The vertebral column depends on
stability for its structural integrity, and though it features a relatively
limited amount of flexure, it must be held rigid as it bears a load.
Lifting weights requires this rigidity, and the postural muscles of the
trunk provide it.

Back injuries often occur during lifting, and most usually occur
when someone is lifting incorrectly. But even when this does occur,
the circumstances are markedly different from those in which a
hamstring tears. A leg muscle tears during a long angular
contraction that involves a significant change in the muscle belly’s
length over a long ROM, whereas a back injury occurs over a small
intervertebral ROM that may involve little or no movement within the
erector belly. Even if the entire lumbar musculature completely
relaxes, not much movement will have occurred, certainly not when
compared to a sprint stride. This makes it highly unlikely that you
will actually rupture a back muscle belly while picking up a sack of
groceries, yet these low-force, low-velocity types of activities are
precisely where most back injuries happen. In the absence of blunt
trauma, true back muscle ruptures are quite rare.

Most back injuries are, unfortunately, spinal in nature. Think
of them as joint injuries, like a knee injury. The intervertebral discs



and facet joints are quite susceptible to loaded abnormal
intervertebral movement, the kind of movement that back muscle
contraction is supposed to prevent. Strong back muscles developed
through correct lifting technique are perhaps the best preventative
for back injuries, since the habits you form while lifting correctly
contribute to spinal safety just as much as the strength it produces
does. Knowing this, pay extra attention to form while learning to pull
off the floor; it will come in handy. That’s a promise.
 

Pulling Mechanics
 

First, let’s make a few general observations about the
behavior of the physical system we’re working with here. Moment, or
rotating force (sometimes the term torque is used), is the force
applied along a rigid bar that makes an object at the end of the bar
turn around an axis. Moment is at its maximum when applied at 90
degrees to the thing being rotated. Think about turning a nut with a
wrench; your hand placed at a weird angle to the wrench is not
strong, and the strongest position is one in which your hand is at a
right angle to the wrench. This is why a mechanic always wants to
have enough room to get his arm at right angles to his wrench on a
stuck bolt.

Moment also increases with distance away from the thing
being turned. A grip on the wrench turns the bolt more easily the
farther it is from the bolt. The moment arm is the distance between
the bolt and your hand on the wrench, measured at right angles
between the bolt and the direction you’re pulling on the wrench. A
longer wrench works better than a shorter one because the longer
length creates a longer moment arm if the angle of the pull remains
efficient. The moment arm’s length is determined by both the length
of the segment and the angle of the pull. A long wrench pulled from
an angle that is less than 90 degrees will not turn the bolt well
because the horizontal distance between the pull and the bolt is not
as long as the wrench; i.e., you have created a short moment arm.



Likewise, a short wrench pulled at 90 degrees is not an effective tool
for a tight bolt because of the short moment arm.

Figure 4-16. The important mechanical concept of the moment arm, as illustrated by the
wrench and bolt.

This fact applies to all situations where a weight is lifted by
the back, i.e., pulling or squatting. Gravity operates in a straight
vertical line in the direction we call “down.” A bar in the hands
always pulls straight down, so the moment arm in this system is
always measured from the bar horizontally. A short back at a more
horizontal angle might have the same moment arm length as a
longer back at a more vertical angle. The best setup would seem to
be a short back at a vertical angle, but we are, unfortunately, limited
by the other physical constraints on the system in our ability to make
our pulling mechanics more favorable. If the back is short relative to
the legs, making the back vertical will drop the hips, which shoves
the knees forward, which inclines the shins, which pushes the bar
forward. This sequence puts the bar forward of the mid-foot and
puts the shoulders behind the bar, neither of which will work at
heavy weights, for reasons we shall soon investigate.



A wrench-and-bolt model works just fine for simply describing
a moment arm, but it’s not really an accurate depiction of what
happens at the hip joints in a deadlift. There is another way of
describing the mechanics of the pull. The hip and the spine held
rigid by your trunk muscles form a Class 1 lever. To refresh your
memory, a Class 1 lever places the fulcrum between the load and
the force that moves it, with the rigid member being the object that
transmits the force, like a seesaw (Figure 4-17). The moment arms
are the segments of the rigid member on either side of the fulcrum.
If they are the same length, the force applied to the load is the
same as the weight of the load if the system is in balance, and the
distance each side moves is the same. If one side is shorter and the
other side longer, the short side moves a shorter distance, more
slowly, while the longer side moves a longer distance more quickly.
But the speed at the longer end comes at the expense of higher
force at the shorter end, with the force at the short end being
multiplied by the length of the bar at the long end. So, a Class 1
lever can move a heavy weight a short distance more slowly if you
push (or pull) down on the long side, like a crowbar prying loose a
nail. Or it can move a light weight faster if you push (or pull) down
hard on the short side, like stepping on a rake and having the handle
hit you in the face, or the way a trebuchet worked in the olden days
of siege warfare.



Figure 4-17. The Class 1 lever.

Because our muscles can contract only a small percentage of
their length, our skeletal system is composed of levers that multiply
the distance of their contraction at the expense of an increased force



production requirement. The human hip is a Class 1 lever. The back
and the pelvis form the rigid segment; the hip joint is the fulcrum;
the hamstrings, glutes, and adductors of the posterior chain are the
force pulling down behind the hips (the short segment); and the
load in your hands is the force pulling down in front of the hips (the
long segment) (Figure 4-18). If the force generated by the posterior
chain is high enough – if you are strong enough – the short segment
behind the hips can lever up the long segment in front, even with a
heavy weight. The simultaneously extending knees complicate the
system, but not much. If we could design the system to deadlift
heavy weights, we’d put the hips closer to the bar. But since we
can’t, we have to design the pull to make the most of the mechanics
we have, and this is why we keep the bar as close to the hips as we
can get it. Some advanced lifters use an intentionally rounded upper
back to shorten the distance between their hips and the bar. As we’ll
see, this is properly the job of the lats.



Figure 4-18. The human hip, a Class 1 lever.

This leverage system operates when you deadlift. But if you’re
strong enough, the moment arm works the other way, too; the short
side moving a short distance with enough force can make the long
side accelerate its load over a long distance. This is what happens in
a clean or snatch.

The bar path in a heavy deadlift should theoretically be
straight, because that is the shortest, most efficient way to move an
object through space from one point to another, and vertically up,
because that is opposite to the direction in which gravity is pulling
the barbell. Work is defined as force (in the case of work against
gravity, the force of gravity acting on the mass of the loaded barbell)



multiplied by distance (the measured distance the barbell has to
travel), and can therefore be expressed in foot-pounds. Since gravity
operates straight down, the only work that can be done against
gravity is straight up, and any other movement represents energy
expended doing something else. Force can be applied to the bar
horizontally – in a direction either forward or backward relative to
the lifter – and cause the bar to move forward or backward on its
way up, but this horizontal force cannot cause work to be done
against gravity. In other words, you can walk around the room with
the bar if you want to, but the deadlifting part consists of the work
done to change the vertical distance between the bar on the floor
and the bar in your hands at lockout. The shortest distance a
deadlift can travel is a straight vertical line, and a longer bar path is
therefore less efficient. Most sports-related movement – think of
judo, downhill skiing, or football – is not as simple as a straight
vertical line, but the movements involved in lifting barbells can be,
so they should be.



Figure 4-19. The work done against gravity is purely vertical displacement because the
force of gravity acts vertically. Any other movement of the bar is horizontal motion that
does not represent work done against gravity and is therefore effort spent inefficiently.

The deadlift places the bar in front of the legs, creating a
different situation than exists in the squat and, to a lesser extent,
the press: the bar is not balanced on the shoulders and directly over
the mid-foot, with a roughly equal amount of body mass on either
side of the bar that can remain in balance during the lift. A deadlift
must stay in balance with most of the body behind the bar. This
requirement creates a situation in which the center of mass (COM)
of the lifter/barbell system must be considered. During the deadlift,
this COM will vary slightly, and cleans and snatches are more
complicated than deadlifts due to their longer range of motion and
increased musculoskeletal complexity. Light deadlifts actually balance
differently than heavy deadlifts – the heavier the weight, the closer
the loaded barbell approximates the COM of the body/barbell
system, and the less important the body mass behind the bar
becomes. A light deadlift can therefore leave the ground from a
position more forward of the exact middle of the foot than a heavy
deadlift can, and the same is true of a snatch or a clean.

It should also be obvious that the closer the barbell is to the
body’s own COM, the shorter the moment arm will be between
them, and the less leverage there will be between the components
of the lifter/barbell system. The closer you can get the bar to the
body’s COM without getting behind the mid-foot, the less leverage
between them you must overcome while lifting the load. Any
distance between the bar and the balance point at the mid-foot
constitutes a moment arm as well, one that has a profound effect on
pulling efficiency, as we will see. And as mentioned earlier, the
greater the distance between bar and hips, the longer the moment
arm is against the hips. So, as is the case with all other barbell
exercises that involve standing with the bar in the hands or on the



back, leverage is optimal and the bar is in balance when it is right
over the middle of the foot. And it should never deviate from this bar
path where it is in balance: right over the middle of the foot in a
straight vertical line. This bar path should be recognized as the ideal
physical model we try to approach; a good deadlifter gets very close.

The deadlift uses force generated by the extension of the
knees and hips to drive the bar off the floor to lockout. The force is
transmitted along the rigid spine, acting as a moment arm rotating
at the hip between the hip extensors and the weight of the bar. This
moment force is transmitted to the scapulas (more correctly,
scapulae) and to the arms, and then down the arms to the bar. The
scapula, a flat bone with a comparatively large surface area,
interfaces with the rigid back as it lies against the rib cage, and is
anchored in place by the extremely strong trapezius as well as by
the rhomboid major and minor, the levator scapulae, and other
muscles. The trapezius originates at the base of the skull and – by
the nuchal ligament – all along the spinous processes of the cervical
spine to C7, and from the spinous processes of C7 to T12, making
this muscle origin the longest one in the human body. All of these
fibers have an insertion point on some part of the shoulder: either
the long bony ridge that runs down the length of the scapula (this
ridge is called the spine of the scapula) or the superior aspect of the
clavicle. The traps can therefore transfer force from a very long line
of attachment on the spine to a very long line of attachment on the
shoulders. (This is why the deadlift is such a good builder of traps
and why good deadlifters have bigger traps than other athletes.)
Although the traps can concentrically shrug the shoulders, adduct
the scapulas, and depress the scapulas, their function in the deadlift
is isometric – they hold the scapulas in place. When you are in
position to pull the bar off the floor, with a back angle of somewhere
between 20 and 30 degrees, depending on your anthropometry, the
scapulas lie flat against the Valsalva-supported rib cage. They are
held in place there by the traps and rhomboids, and are thus in a
well-supported position to receive the force coming up the rigid
trunk from the extending hips and knees.



The humerus is attached quite thoroughly to the scapula at
the glenoid, or shoulder joint, by several ligaments, the deltoids, the
rotator cuff tendons and musculature, the long head of the triceps,
the biceps, and the teres major muscles. The delts have a long
origin all along the inferior side of the spine of the scapula, directly
across the bone from the trap attachment, and they wrap around to
the front along the acromion and the outside one-third of the
clavicle. The delts insert on the deltoid tuberosity on the lateral side
of the humerus, a large bump almost halfway down the shaft. This
assembly – of spine to trapezius to scapula/clavicle to deltoid to
humerus – produces a very robust, effective piece of force-transfer
architecture. The teres major ties the bottom of the scapula to the
front of the humerus, close to the glenoid, adding to the
musculature connecting the two bones.

The latissimus dorsi muscles have a very important role to
play here, too: they arise from a very broad origin on the lower
back, starting for most people (there are variations between
individuals) at the T7 spinous process and sweeping down with the
thoracolumbar fascia, a broad sheet of connective tissue with fibers
on the sacrum and the iliac crest of the pelvis. The insertion of the
lat is on the front of the humerus at the top, very close to the
pectoralis major insertion, so its function is to pull the humerus
back; this function is very important to the mechanics of the pull. So
the humerus has attachments both from the scapula and directly
from the spine, and every spinous process in the spinal column, from
skull to sacrum, is connected by either lats or traps to the humerus,
with both overlapping from T7 through T12. All of these attachments
form a rather thorough and effective connection between the back
and the arms.



Figure 4-20. Muscles involved in force transfer between the arms and the spine, posterior
view.



Figure 4-21. Muscles of the upper body involved in the deadlift, anterior view.

The correct position from which to pull will be one in which
the scapulas, the bar, and the mid-foot are aligned vertically. The
back will be held rigid in its normal anatomical position, the elbows
will be straight, and the feet will obviously be flat against the floor.
This is the position in which the skeleton most effectively and most
efficiently transfers force – produced by the muscles that extend the
hips and knees – up the back and down the arms to the loaded
barbell. Furthermore, this principle is true for any pull off the floor,
with any grip or stance. This alignment produces optimum balance
between the lifter/barbell system and the balance point in the
middle of the foot.

Any other bar position has the potential to create two
problems. The first problem, occurring when a barbell is pulled from
a position forward of the mid-foot, is a moment arm between the
barbell and the balance point. The lifter must compensate for this



moment arm in some way, either by moving the bar back into
balance or by applying the extra force needed to act against both
the load on the bar and the effect of the moment arm. The distance
also has a detrimental effect on the hip, knee, and back angles,
causing them to assume less-than-optimal relationships with each
other and the bar. This is intuitively obvious if you stand with the bar
a couple of feet in front of you – the distance is a huge problem, and
when it is exaggerated in this way, the reason is clear. Cut the
distance in half by stepping forward, and pulling will be easier but
still not correct. Halve the distance again and the trend becomes
apparent: the closer you are to the bar, the easier it is to pull; and
the reason is the distance’s effect on the leverage against the mid-
foot.

Even a casual examination of the bar paths of heavy deadlifts,
cleans, and snatches demonstrates a tendency for a barbell pulled
from a position forward of the mid-foot to move back into balance,
producing a curved bar path off the floor. The heavier the pull, as in
deadlifts, the smaller the curve in height and amplitude. The lighter
the pull, as in snatches, the larger the horizontal displacement that
can be tolerated, and the higher the bar can go before settling into
balance over the mid-foot. (Some snatches may be so light relative
to the lifter’s absolute strength that they can be pulled through their
entire bar path out of balance.) You can see, then, that balance
exists directly over the mid-foot, and that it makes sense to design
your pulling technique to conform to this physical reality by pulling
the bar off the floor in a straight vertical path.



Figure 4-22. The correct start position in the standard pulling model. Note the angle at
which the arm hangs relative to vertical.

The second problem, occurring with any bar position that is
not slightly behind the front of the shoulders, is a lack of equilibrium
between the bar and the lifter’s arms and spine; to obtain this
equilibrium, people tend to move into the correct position during the
pull. In this position, your shoulders will be slightly in front of the
bar, and your arms will not be perpendicular to the floor. It is a
common feature of all pulls from the floor that after the back angle
stops changing – i.e., the back has settled into a stable angle as the
knees and hips extend at the bottom of the pull – the arms do not
hang vertically. They hang at an angle of somewhere between 7–10
degrees behind vertical, placing the shoulders just in front of the bar
and, perhaps coincidentally, directly under the scapulas. Most
Olympic weightlifting coaches teach this position, shoulders in front
of the bar, and a quick online search through the many thousands of
available videos of deadlifts, cleans, and snatches, viewed frame by
frame, will quickly demonstrate the universal nature of the
shoulders-forward position during the pull.



A continuum can be observed from light to heavy pulls:
snatches, being very light relative to deadlifting capacity, can be
observed to poorly conform to this model for some inefficient lifters.
Cleans, being heavier than snatches but still lighter than deadlifts,
are more likely to conform, and heavy deadlifts almost always
conform as soon as the bar leaves the floor. Furthermore, the
tendency of the lifter/barbell system to seek equilibrium in the
shoulders-forward position is so inherent in pulling the barbell that if
someone tries to pull with vertical or behind-vertical arms, the back
angle will change – either before the pull starts or during the first
part of the pull – in order to produce this position. The tendency to
do this varies with weight in the same way the tendency of the bar
to move toward the mid-foot balance point does, with snatches
showing a lot of back-angle change over a longer portion of the pull,
cleans showing much less, and deadlifts almost always starting the
plates right off the floor with the same back angle used until the bar
approaches the knees.

Keep in mind that a straight vertical bar path is the most
physically efficient expression of barbell movement in a gravitational
framework. Starting positions that place the bar forward of mid-foot
or that involve vertical arms will either cause the bar to be pulled in
a non-vertical path or cause a shift in back angle, both of which are
costly in terms of unnecessary energy expended on the lifter’s body
or the barbell. Not only is a bar that is farther away from the hips
harder to pull because of the longer moment arm between bar and
hips, but movements that do not contribute to the vertical
displacement of the load also represent wasted work capacity.
Although some very good lifters may excel at performing the lifts
inefficiently, this does not mean that their method is efficient. The
most efficient way to pull a barbell off the floor will be the way that
produces the most straight vertical bar path, because that’s the way
that comports with the fact that the actual work to be done against
gravity in a deadlift is the energy spent vertically displacing the
weight as close to the hips as possible.



Figure 4-23. Bar path tracings of a typical heavy, snatch, clean and deadlift.

Furthermore, the center-of-mass considerations described
earlier explain many aspects of this curved bar path. Think of the
two ways the bar can move: vertically and horizontally. In a very
general sense, vertical movement is accomplished by muscular force
generated along the rigid segments of the body interacting with the
load, and horizontal movement is accomplished by manipulating the
body’s mass in relation to the barbell. So pulling force comes from
the muscles that extend the knees and hips, and from the muscles
that keep the back rigid and keep the bar in the hands and correctly
positioned under the spine. Horizontal movement, made necessary
by the incorrect positioning of the body/barbell system over the
balance point, results from movement of the body’s mass in an
attempt to influence the position of the bar.

Some coaches teach that the hips should be dropped, the
shoulders should be positioned behind the bar, and the back should
be as vertical as possible. This start position will always create a lot
of movement in both lifter and barbell before the weight actually
leaves the floor, because this position places the bar forward of the
mid-foot as the hips drop and the knees drop forward, pushing the



shins and the bar forward, away from both the mid-foot and the
hips. It also places the lifter’s COM behind the bar. At heavy weights,
the bar out-masses the lifter by perhaps more than 300% in strong
lifters. The lifter can move the bar horizontally by manipulating the
mass of his body relative to the bar, as evidenced by the layback at
the top of a clean or snatch, where the bar is forward of the balance
point. Since the barbell is much heavier than the part of the lifter’s
body behind it, the reaction between the bar and body positions will
be proportionate to the differences in the mass. If the bar is forward
of the balance point by 3 inches as it passes the hips in a clean, the
layback will have to be much greater than that since the body is
lighter than the bar. And if the layback does not sufficiently dampen
the forward displacement, the lifter will have to jump forward to
make the catch.



Figure 4-24. Use of the body’s mass is necessary to produce a horizontal bar path
component. The body’s pulling machinery can efficiently move the bar upward, but the

vertical orientation of the lifter/barbell system cannot effectively move the bar horizontally.
For that, we make the mass of the body move horizontally to react against the mass of the

barbell. Since the heavy barbell out-masses the lifter, his body must move further
horizontally to effectively react against the barbell.



The same thing happens when the bar is on the floor: if you
shove a heavy bar forward, your body mass behind it reacts against
the bar’s forward displacement by acting as a cantilever for the
horizontal motion necessary to bring the bar back into balance over
the mid-foot and closer to the hips. The feet are pinned to the
ground by the load, so as the pull starts, the mass of body behind
the bar reacts against the mass of the bar which is forward of the
balance point. The bar rolls back and leaves the ground in a curve as
the body swings forward around the hands and positions itself in
equilibrium, with the shoulders forward of the bar. As this position
settles in, the bar path becomes vertical. This movement is, of
course, completely unnecessary if the bar starts out in balance with
the body’s preferred position of pulling equilibrium so that a vertical
bar path can be produced.

The non-vertical arm angle is perhaps the most poorly
explained phenomenon in weightlifting. Why does the back angle
become stable for the first part of the pull when the shoulders are in
front of the bar and the arms assume their characteristic angle of 7–
10 degrees from vertical? Why is there an apparent equilibrium
between how far the shoulders are in front of the bar and how far
the hips are behind the bar? Our working theory is that the critical
relationship is the interaction between the lats, and the teres major,
the triceps, and the humerus. There is a back angle at which the lats
can best stabilize the arms and shorten the distance between bar
and hips in order to facilitate a vertical bar path, and a heavy
deadlift settles into this angle because it cannot do otherwise.

The humerus is suspended from the scapula by lots of muscle
and ligament, and it would seem as though the arms should just
hang vertically, as a weight on the end of a rope hanging from the
ceiling hangs vertically, or “plumb” as it is called. But the arms don’t
hang vertically, not with a weight that is actually heavy enough to
force you to tighten your back and arms. Check the videos yourself.
If you want that rope to hang from the ceiling at any angle other



than vertical, you will have to apply another force to the system
from a different direction – you’ll have to tie another rope to the one
hanging plumb. And that second rope will work best against the first
one if you pull at a right angle to the loaded rope, because a right
angle is the configuration that allows the force to be applied most
efficiently. Like pulling on a wrench at any angle other than 90
degrees, pulling on the rope from anything other than a right angle
fails to generate the maximum turning force. It’s easier to see this
when the first “rope” is your humerus, and the second rope is your
lat.

So, there is another rope after all; there are actually several
of them. The teres major and the triceps control the angle between
the scapula and the humerus. The teres major connects the inferior
part of the scapula to the proximal end of the humerus on the
anterior side, only millimeters away from the lat attachment under
the armpit on the arm side. The triceps attaches the superior
scapula, up high on the shoulder side of the armpit, to the elbow,
although its leverage position is weak. More important, the lats
connect their large origin along the low back directly to the shaft of
the humerus, up under the armpit on the anterior side, so it pulls
across the full thickness of the shaft. These muscles add to the large
number of attachments from the shoulder joint area, which, working
together, transfer force from the trunk to the arms.

This posterior pull is responsible for the non-vertical angle of
the arms as they hang from the shoulders under a loaded spine, and
must equal the tendency of the weight to rotate the arms forward to
a vertical position. If the arms rotate forward, this will place the bar
forward of the mid-foot and thus off-balance, unable to be pulled if it
is heavy enough. Since the triceps and the teres major are actually
minor contributors to the situation due to their poor positions of
leverage, the total contribution of the lats, teres major, and triceps
averages out to approximately the same as just the lats. When the
shoulder is in front of the bar and the back angle is stable in a pull,
the angle of attachment between the lat and the humerus is about
90 degrees, since this is the angle at which the least muscular force
is required to produce a rotation force that is equal and opposite to



the weight. It is the angle at which these muscles can exert their
tension on the humerus most efficiently and thus provide the
maximum force transfer and stability during a pull from the floor in
which the bar needs to stay over the mid-foot and as close to the
hips as this stable “hang” will allow (see Figure 4-25). And the back
angle adjusts to produce the 90-degree lat angle in equilibrium
between the shoulders and hips.

The fact that several muscles are contributing to this posterior
pull makes the angle hard to calculate precisely, and some variation
with anthropometry would be expected, but the lats appear to be
the major factor in the system, and the angle of attachment in a
stable configuration is probably very close to 90 degrees. What is
absolutely clear is that through the bottom of the pull, there exists a
back angle in which the shoulders are in front of the bar, the arms
do not hang straight down, the hips are closer to the bar than they
would be if the arms did hang straight down, and pulling the bar off
the floor in this position results in a vertical bar path. With this path,
the lifter can most efficiently maintain the balance point over the
mid-foot and use the lats and related muscles to maintain a vertical
bar path.

Stated more succinctly, the arms are not plumb in a
deadlift because the lats do not attach to the arms at 90
degrees when the arms are plumb. The arms must slant back to
achieve a position of stability as they hang from the shoulders. So
the body must assume a position that allows the arms to be at 90
degrees to the lats and for the bar to be pulled in a straight vertical
line off the floor. If the hips are too low, the lat attachment angle will
be less than 90 degrees, and the hips will rise as the back angle
adjusts to the stable position. If the hips are too high, the angle is
greater than 90 degrees, and the lifter cannot as efficiently prevent
the bar from continuing forward.



Figure 4-25. A proof of the theory that the lat stabilizes the humerus most efficiently at 90
degrees, from our friend Matt Lorig, Ph.D. This is the kind of analysis you get when you ask

a physicist to think about barbell training.



 

Figure 4-26. The skeletal relationships in the pull off the floor with arm angles of 90
degrees (I), < 90 degrees (II), and > 90 degrees (III).



The reference angles used in analyzing the deadlift are the
same as those used in analyzing the squat. The hip angle is formed
between the femur and the plane of the torso. The knee angle is
formed between the femur and the tibia. The back angle is formed
between the plane of the torso and the floor, which is assumed to be
horizontal. In a correct deadlift, the knees extend as the bar comes
off the floor, indicating that the quadriceps extend the knees under
load. The back angle should be constant until the bar approaches
the knees; the hamstrings “anchor” the pelvis so that this angle can
be maintained (more on this later).

Figure 4-27. The three reference angles: knee angle, hip angle, and back angle.

The hip angle opens up only slightly as the tibias get more
vertical. As the bar approaches the bottom of the knees, the back
angle – and consequently the hip angle – begins to change
significantly (Figure 4-28). Some people start this transition at mid-
shin, some higher, as there appears to be quite a bit of individual
variability in the precise position of the beginning of this shift.
Anthropometry is probably an important variable; arm length, for
example, obviously influences this balance relationship. In most
snatches and cleans, this back-angle shift appears to start a little
higher up the tibias – very close to the knees for most good lifters –
than it does in deadlifts, so it may be a function of the relative load.
The “shorter” arms and wider grip in the snatch may mitigate the



lighter weight used relative to the clean. The function of the lats
changes here, as the back angle becomes more vertical and keeping
the lifter/barbell system in balance over the mid-foot becomes a
function of the increasing back angle, and less dependent on lat
tension. In all pulls from the floor, this is seen in the bar path, which
always tends to come back over the mid-foot even if the bottom of
the pull has been inefficient.

Figure 4-28. The correct sequence off the floor. (A) The starting position. (B) Knees
extend, opening the knee angle. (C) The hip angle opens, bringing the bar up to the finish

position (D).

As the hips extend more, the hip extensors – the glutes,
adductors, and hamstrings – become the predominant movers of the
load, the quads having finished most of their initial job of extending
the knees before the bar gets to them. The role of the back muscles
during the pull is to hold the trunk rigid and keep the shoulder
blades back in their normal anatomical position so that the force
generated by knee and hip extension can be transferred up the
back, across to the arms, and down to the bar. Lockout at the top



occurs when the knees and the hips reach full extension
simultaneously, with the chest up and the shoulders back. If this
pulling sequence is followed, the bar will come up the legs in a
vertical path.

If the back rounds during the pull, some of the force that
would have gone to the bar gets eaten up by the lengthening
erectors. If the weight is sufficiently heavy, the rounded back cannot
be re-straightened and the deadlift cannot be locked out; the spinal
erectors are designed to hold an extended position isometrically, not
to actively extend a flexed spine under a compressive load. The
knees and hips are already extended – the knees in this position are
straight and the pelvis is in line with the femurs – and their
extensors cannot help since they are already fully contracted.



Figure 4-29. A rounded lower back is difficult to straighten when the weight is heavy. The
muscles that hold the lumbar spine in extension are postural and are not designed to

change the relative positions of the vertebrae; their job is to maintain extension, not to
concentrically extend under compressive loading. And if the spine is in flexion, the hips are,

too. If the hip extensors have finished their job, the pull is essentially finished. The only
way to continue the pull would be to “hitch” the bar with a knee re-bend that would allow

the hip position to reset a little. Many heavy deadlifts have been missed this way.

The question of exactly what these three angles should be is
answered for each person individually since it depends on individual
anthropometry. People with long femurs, long tibias, and relatively
short torsos will have a more horizontal back angle and a more
closed hip angle than people with long torsos and short legs, who
will have a more vertical back angle and a more open hip angle.
Each person will have a different set of knee, hip, and back angles,
but the correct starting position for everyone will have the previously
discussed things in common: the shoulders will be slightly in front of
the bar; and the bar will be touching the shins directly over the mid-
foot, resulting in the vertical alignment of the scapula, bar, and mid-
foot. If this alignment is correct, and if the arms are straight, the
feet are flat on the floor, and the back is in good thoracic and lumbar
extension, the resulting reference angles are correct for that
person’s anthropometry. Of the three angles, the back angle will
exhibit the most obvious individual variability, easily seen by an
informed observer.

 



 

Figure 4-30. A comparison of different anthropometries in the deadlift start position.

Arm length must also be considered when you are analyzing
these angles. All other segment lengths being equal, short arms
produce a more horizontal back angle and long arms produce a
more vertical back angle. Long arms tend to mitigate the effects of a
short torso, while short arms and a short torso make for a nearly
perfectly horizontal back. To balance the effects of short arms and a
short torso, people with this build might need to use a sumo stance,
since a wide stance produces the more vertical back angle typically
seen in people with more typical proportions.

Figure 4-31. The effect of different variations of back and leg dimensions on the back
angle in the starting position. From left to right, back length increases as leg length



decreases.

Most of the problems you will have with deadlift form can be
analyzed with a good understanding of pulling mechanics. Consider,
for example, the problem of lowering the bar with a round back,
caused by unlocking the knees first: the down phase is the exact
reverse of the pull. If the last thing that happens at the top of the
deadlift is the simultaneous extension of knees and hips, with a
locked back and the chest up, then the first part of lowering the bar
has to be knee and hip “un-extension” with a locked back and the
chest up (Figure 4-32). The knees unlock just enough to take the
tension off the hamstrings, at exactly the same time that the hips
unlock. Then the butt travels back with the lower back locked, as the
lifter closes the hip angle and uses the hamstrings and glutes
eccentrically as they lengthen. As the bar slides down the thighs,
further closing the hip angle, it reaches a point as it passes the
knees where the knee angle can begin to close with the hips. As the
bar is lowered past the knees, they bend and the quadriceps add to
the hamstrings’ eccentric function, and the bar gets to the floor. This
sequence of movements – the opposite of the pulling-up sequence –
allows the bar to drop down in a vertical line (Figure 4-32).

   



Figure 4-32. The correct down sequence is the opposite of up (Figure 4-28). The last
thing that happens on the way up is the first thing that happens on the way down: the hips
and knees unlock simultaneously; then the hips move back and lower the bar to below the

knees; then the knees flex and lower the bar to the floor.

Any deviation from this order will not work. If your knees
move forward first when you are lowering the bar, they will be in
front of the bar, and the bar cannot go straight down because it has
to go forward to get around the knees (Figure 4-33). Your knees can
move forward only so far before your heels get pulled up, so you
round your back to let the bar go forward far enough to clear your
knees. This action places the bar off-balance, forward of the mid-
foot. If you find yourself progressing forward across the floor from
the start to the finish of a set of five, this is why.

  

Figure 4-33. This is the wrong way to set the bar down. The knees have moved forward
first, and this places them in a tragic position where kneecaps often pay a high price. And if

the kneecaps somehow remain unscathed, the lower back might not.

As you pull the bar off of the floor, your knees and hips
extend together while your back angle stays constant, meaning that
the quads initiate the push off the floor while the hamstrings hold



the back angle constant, resulting in an opening of the knee and hip
angles. If you attempt to extend your hips first, the result will be a
non-vertical bar path. This happens when you lift your chest first,
thus opening the hip angle first and leaving the knee angle in the
start position. If this happens, the bar goes forward around your
knees, which have not pulled back out of the way. This actually
occurs only with very light weights; heavy weights like to move in
straight vertical lines. If you try to pull heavy weights chest-first, you
will be dragging the bar back into your shins, and the blood on the
bar will tell you this is wrong. And when it’s very heavy, the bar will
not travel forward around your knees anyway because you can’t pull
a heavy weight off-balance forward.

When the knee angle opens first, as it should, the shins get
more vertical and move back relative to the front of the feet,
allowing the bar to travel in a vertical path up the legs. If the knee
angle changes first, the bar can move up in a straight line, the way
heavy bars like to move. If you feel the weight go to your toes, or if
your coach sees your heels come up, you know what you’re doing
wrong. Get your weight back off your toes, keep your chest up, and
pull the weight straight up your shins as you push the floor. This
forces the bar back into the correct path, which lets your knees
straighten out and lets your quadriceps extension start the deadlift
correctly. It might also be helpful to think about pushing the bar
back into your legs with your lats, reinforcing the close-to-the-shin
position a second way (Figure 4-34).



 

Figure 4-34. The order in which the angles open up off the floor is important for correct
technique. (A) Reference angles in the start position. (B) When the hip angle opens first,

the bar must travel forward to clear the knees, and usually the shins get scraped when this
happens. (C) The correct order – knees first, then hips – allows for a vertical bar path.

When the weight gets heavy, it is a common error to let the
bar come forward, away from your shins, before it even leaves the
floor. When this happens, your hips will have lifted, also before the
load moves. Using our pulling model, we can see that when this
occurs, the knee angle has opened, the hip angle has probably
stayed constant, and the back angle has become more horizontal, all
before the load has moved (Figure 4-35). In this situation, your
quadriceps have extended your knees, but have not moved any
weight while doing so. In opening the knee angle unloaded –
pushing your butt up in the air without moving the bar – the quads
have avoided participating in the lift and have placed the entire job
on your hip extensors, which now have even more to do since they
must move through a greater angle to extend. In addition, since
your back is now almost parallel to the floor, your back muscles are
in a position of decreased mechanical advantage: they have to stay
in isometric contraction longer while rotating through a greater
angle, starting in the worst mechanical position they can occupy –
parallel to the floor.



 

Figure 4-35. (A) Start position. (B) When the knee angle opens before the bar leaves the
floor, the quadriceps have not been used to move the load. When the hamstrings fail to

control the knee angle (their distal function) the back angle goes horizontal. (C) This leaves
the bar away from the shins, and the work of lifting the weight becomes predominantly hip



extension. Technique errors that involve one group of muscles failing to make their
contribution to an exercise are a common phenomenon in barbell training.

The reason for this is not immediately apparent. In the
deadlift, the clean, and all other pulling exercises from the floor,
raising the hips before the chest is a common enough problem that
we should analyze it here. The quadriceps straighten the knees, and
if the back angle stays constant while this happens, the bar comes
vertically up the shins. But it is the hip extensors – the glutes and
hamstrings and, to some extent, the adductors – that act as
stabilizers during the initial phase of the pull and maintain the back
angle by exerting tension on the pelvis from the posterior, at their
insertion points on the ischium and the ilium. If the spinal erectors
keep the back flat, the hip extensors anchor the back angle by
pulling down on the bottom of the pelvis. The pelvis and the spine
are locked in line by the erectors, so the hamstrings actually keep
the chest up and the back angle constant, allowing the quads’
function of straightening the knees to push the bar away from the
ground. During this phase, the hip angle will open slightly, but the
back angle should stay constant relative to the floor. It is as the bar
approaches the knees that the hip extensors begin to actually
change the back angle by actively opening the hip angle. So, the
function of the hamstrings and glutes changes during the pull:
initially they act to maintain the back angle as the quads straighten
the knees; then they change the back angle as they extend the hips
and finish the pull (Figure 4-36).





Figure 4-36. The hip extensors – the glutes and hamstrings and, to a lesser extent, the
adductors – initially work only to maintain the back angle as the bar rises from the floor. As
the bar approaches the knees, the hip extensors continue to contract, but at this point they

begin to actively open the hip angle.

If the hamstrings fail to maintain the back angle, then the
butt comes up and the shoulders drift forward, allowing the quads to
avoid their share of the work since the knees have extended but the
bar has not moved. The bar, however, must still be pulled, so the hip
extensors end up doing it all, and in a much more inefficient way.



They should be working with the quadriceps through the initial
phase of the pull, instead of having to open a much more horizontal
back angle at the end of the pull. Either way, the hip extensors work,
but their job is easier if the initial contraction controls the back angle
and the last part is active concentric hip extension, instead of the
whole movement being a long, mechanically hard hip extension. The
problem is not that the hamstrings are not strong enough; it is one
of motor learning, teaching the muscles to move the bones correctly,
in the right order at the right time. The only way to correctly address
this problem is to take weight off the bar and make sure you do the
deadlift with proper form, with all the angles correct, so that all the
muscular contributors to the pull learn to do their jobs in the right
order. If you know the actual cause of the problem – and you do
now – you can fix it by thinking about squeezing your hamstrings
and glutes tight before you pull, thus making them better at doing
their job of holding your ass down. If this doesn’t work, think about
making your chest move up first, which causes you to fire the
muscles that would make this happen; the hamstrings and glutes try
to make the chest rise, and this action averages out to a constant
back angle.

An interesting thing happens when all the pulling mechanics
are correct: the deadlift feels “shorter,” as if the distance the bar has
moved has been reduced, compared to an uncorrected, sloppy
deadlift. It obviously hasn’t, since the bar moves the same distance
either way, but the increased efficiency obtained from the
improvement in pulling mechanics is significant enough that the
perception is one of a shorter movement. This perception is largely
due to the reduction in extraneous hip and knee movement and a
consequent reduction in the time the lift actually takes. A correct
pull that results from a correct setup will show no change in
back angle as the pull starts and for at least the first couple
of inches of bar path off the floor.

One of the most common technique errors in the deadlift is
using a starting position that attempts to hold the back in a too-
vertical position. The method detailed earlier for learning the deadlift



eliminates this problem, but hard-headed folks may require further
explanation. This misunderstanding of the correct starting position
may have several possible causes. One cause might be confusion
about the actual role of the back muscles in the deadlift. Some
resources on deadlift instruction available in the mainstream
certification agency material – intended for fitness/wellness
audiences that are not interested in strength – advocate a more
vertical back angle than is actually possible for a lifter to use in a
deadlift of any significant weight. According to these sources, in an
attempt to reduce shear, or sliding forces, between the vertebral
segments, you should make the back as vertical as possible so that
most of the force on the vertebrae becomes compressive rather than
shear. However, shearing cannot occur because the vertebral
segments overlap at the facet joints, and sliding between the
segments is not anatomically possible. When the erectors and
abdominal muscles do their job of maintaining intervertebral rigidity,
no movement takes place, and when the load gets heavy enough
that the erectors cannot hold rigid extension, spinal flexion occurs,
not shear. The back functions as a rigid segment, and its job is to
stay flat. Sometimes this is hard, and this is why the deadlift is a
back exercise.

Another cause of the confusion might be the idea that the
deadlift is somehow just a squat with the barbell in the hands, and
that driving with the legs is best accomplished with a more squat-
like starting position. But the deadlift is not a squat with the bar in
the hands – it is a pull, a completely different piece of mechanics.
And if it were a squat, you’d want your hips to be as high as you
could get them because you can half-squat more weight than you
can squat from a deep position since you don’t have to travel as far.

Confusion about the correct starting position might also be
due to the idea that the weight on the bar should not be allowed to
pull you forward, and back is therefore the direction the bar should
be pulled. But it should be obvious that the bar cannot be pulled
back through the legs. Or the problem might be that an observation
of the sumo-style deadlift as performed by competitive powerlifters
has created an incorrect impression of the proper back angle in the



conventional deadlift. Sumo technique employs a much wider
stance, which produces the correct pulling position with a more
vertical back angle. When a lifter tries to assume this position and
back angle with a close stance, he lowers his hips to a point where
he achieves the angle, but only at the expense of placing his
shoulders behind the bar. Since the bar cannot leave the floor in this
position, when the pull starts, the lifter’s hips will rise and the back
angle will adjust itself to the point where the shoulders are in front
the bar, and only then will the plates break off the floor.





Figure 4-37. The correct starting position (A), and the position that often gets used
instead (B). The correct position reflects proper pulling mechanics; from this position, the
bar can leave the ground and travel in a straight path up to lockout. From the incorrect

position, the bar cannot leave the ground with a heavy weight, yet many people think it is
the correct position from which to pull. What actually happens is that the lifter “sets up” in
position B, thinking that the bar leaves the ground from there, but he then raises his hips

into position A before the bar leaves the ground. Even a cursory video analysis of any heavy
deadlift clearly shows that this is always the case. This shift from setup to pull leaves the
bar out in front of the shins as the knees pull back, producing a bar path that curves back
toward the legs before it becomes vertical. The most efficient pull is a straight vertical line
over the mid-foot, with the shoulders just in front of the bar. The closer to this model your

setup position allows you to be, the better.

It is an error in understanding the mechanics of the start
position to try to assume a back position more vertical than the



relationship between the back, the arms, and the bar allows. The
lifter’s shoulders will be in front of the bar when it leaves the
ground, and an artificially vertical back angle will decay as the pull is
started, leaving the bar out in front of the shins, off-balance, with a
horizontal displacement to cover before it leaves the ground. The
best position that can be assumed at the start is the one already
described: with the bar over the mid-foot, and the scapulas directly
over the bar. When this alignment exists, the bar is easier to pull.

Make sure the bar is touching your skin or your socks before
it leaves the floor. It is not necessary to bump your shins with the
bar or to scrape the meat off of them on the way up. You do need to
maintain good control of the weight, because if you scrape your
shins, you can get sores that will be a problem for a long time; then
every time you deadlift, you will break the sore open and make a big
mess on your socks or the bar. You might need to cut a shin guard
out of a one-liter plastic bottle and place it inside the front of your
socks until the sore heals. Sweats help eliminate this scraping
problem, and allow the bar to slide up the thighs better as well.

The knurl of the bar might also be a problem for your shins if
it starts in too close to the middle. A standard Olympic weightlifting
bar and most power bars have an opening in the knurl that is about
16.5 inches wide, and this is usually sufficient to accommodate the
stance widths of all but the tallest people. Some bars are
manufactured with no thought given to the possibility that they
might someday be used to deadlift. Don’t use these bars.

Foot placement has been discussed above. In a deadlift, you
are pushing the floor, not lowering the hips as in a squat, and you
must set your stance accordingly. If your stance is too wide, your
legs will either rub your thumbs on the way up or force your grip out
wider to avoid being rubbed. The wider the grip, the farther the bar
has to travel to lock out at the top. The grip and the stance are
interrelated in that your stance must be set to allow the best grip,
and the best grip for the deadlift is one that allows your arms to
hang as straight down from the shoulders as possible when viewed
from the front, i.e. the closest grip possible, in order to make the
shortest possible distance from the floor to lockout for the bar. Too



wide a stance necessitates too wide a grip and confers no
mechanical advantage. If you’re thinking that since we squat with a
wider stance, we should pull with a wider stance, don’t think that.
We are not squatting; we are pushing the floor with the feet, an
entirely different thing.

 

Figure 4-38. The different bar heights produced by different grip widths. A narrower grip
reduces the distance the bar has to travel. Note the position of the bar relative to the lower

rack pin.

Too narrow a stance is not a thing encountered very often.
There have been great deadlifters – Vince Anello and George
Hechter come to mind – who pulled with a very narrow stance, with
heels nearly touching and knees out. This is called a “frog stance,”
and many lifters have used it effectively. We learned the knees-out
position in Step 3 of our deadlift method. In the Squat chapter, we
discussed at length the advantages of externally rotating the femurs
for its effects on depth, the ability to lock the pelvis and the lower
back together, and the stretch reflex (see discussion here). This
concept is also applicable in movements – such as starting a pull
from the floor – that don’t elicit a stretch reflex. If a hip extension is
involved in the movement, the lower back obviously needs to be
locked with the pelvis and in hard extension, but what is less
obvious is the role of the adductors and external rotators. If the
knees-out position can tighten up the groin muscles, they can
function more effectively as both back-angle anchors and hip
extensors in the pull. Since hip extension is involved in any pull, a



knees-out position can improve the extensors’ participation in the
pull. Olympic weightlifters often employ this knees-out starting
position to fix problems off the floor and to allow for a better back
angle.

 

Figure 4-39. Note the toes-out position of the stances of both Vince Anello and George
Hechter. The knees-out position this stance enabled these massively strong men to get

more out of their pulls.

A more knees-out position also effectively shortens the
distance between the bar and the hips when the knees are shoved
out of the way a little. This modification of the effective length of the
thighs – similar to the effects of a snatch grip or a sumo stance,
where the angle acts to shorten the effective length of an otherwise
fixed segment – makes a more vertical bar path easier to obtain off
the floor. This may be very important for lifters who have longer
femurs and are trying to get into a better start position. (Some very
good competitive deadlifters have learned to use a round upper back
to produce this same shortening of the distance between hips and
bar, producing a better set of pulling mechanics at the hips. This
method is NOT recommended for novices.) But even for lifters with
normal proportions, a little external rotation of the femurs alters the
balance of muscle action around the hips in a positive way, helping
to produce a more effective hip extension off the floor.



Figure 4-40. The angle of the stance affects the horizontal distance between knees and
hips, with a toes-forward stance producing a longer moment arm between the hips and the
bar, and a toes-out stance shortening the effective distance and thus the moment arm. This
shortening effect is magnified by the lifter’s widening into the sumo stance. (M.A.= moment

arm)

The easiest way to identify and reproduce the stance every
time is to note the position of the bar and its knurling marks over
your shoelaces as you look down at your feet. Use this landmark on
your shoes to quickly and consistently produce the same stance.
 



Figure 4-41. You can easily duplicate the stance every time by establishing a reference
position for the bar against the shoelaces when looking down at your feet.

The Little Details
 

Just in case you were thinking that the deadlift was not rife
with picky details, here are a few to consider.

Breathing is the kind of detail that is often ignored in lifting
instruction. The details of the Valsalva maneuver and its importance
to spinal support were discussed in Chapter 2. To implement this
procedure for a pull from the floor, inhale while the bar is on the
floor, before you start the pull, not while you’re supporting a heavy
weight at the top. And exhale after you’re finished with the rep,
which happens when the bar is back on the floor. The top of a
deadlift is a poor place to lose back support, and it is unnecessary
since setting the bar down doesn’t take very long. You can breathe
much more safely when the floor is supporting the bar than you can
when your back is supporting the entire weight at the top.

A set of deadlifts should start at the floor, meaning that each
rep begins and ends at the bottom, with the back getting set and a
new breath being taken between reps while the bar is on the floor.
Many people like to pull the first rep off of the floor, breathe at the
top at lockout, and finish the set by bouncing the bar off the floor for
the remaining reps. It is easier to do the set this way, true, but easy
and strong are usually opposing concepts. You need to develop the



ability to set your back and control your position each time you pull
the bar, because these things use precisely the skills and the
muscles you are doing this exercise to develop. The point here, as is
so often the case in the weight room, is not to simply do the
deadlifts by moving the barbell through space, using a deadlift-like
movement; the point is to use deadlifts to get strong by doing them
correctly, the way they are best used to develop strength. They have
to be done right, not just done.
 

Avoiding a bounce
 

One of the key features of the deadlift is that it requires the
production of force from a dead stop. In contrast, a key feature of
efficient squatting is the use of the controlled “bounce,” which takes
advantage of the stretch reflex that occurs at the transition between
an eccentric and a concentric contraction. Any muscular contraction
is more powerful if it is immediately preceded by a stretch, as always
occurs when you jump. One of the reasons a heavy deadlift is so
brutally hard is that it starts up out of the bottom without the benefit
of the bounce that helps the squat change the direction of the force
from down to up. Up to down without a bounce is quite a bit harder.
If a bounce is incorporated into all the reps of a set of deadlifts
except the first one, much of the value of doing them is lost.

The energy expended in resetting the spine into extension
and holding it there through the first part of the pull is a major part
of the energy expended during the deadlift. It has been suggested
that if the bar is traveling through the complete ROM of the deadlift,
then all of the work of the deadlift is being done since the work is
being done on the barbell. The work – defined as force times
distance – done against gravity consists of the vertical distance the
bar moves. But the total energy expended in a deadlift cannot be
expressed by merely calculating the work done on the barbell. The
deadlift occurs within the lifter/barbell system, and force must be
produced isometrically to control the positions of the skeletal



components that transfer the force to the bar. The isometric effort of
keeping the vertebral column rigid for efficient force transfer is
obviously significant; you can miss a heavy deadlift if your low back
gets round and your hips extend before the bar is high enough up
your thighs, thus sabotaging your ability to transfer force to the bar
for the top of the pull. It may be harder to calculate than the simpler
force-times-vertical-distance equation used for the work done on the
bar itself, but no one – or at least no one capable of a truly heavy
deadlift – would argue that the ATP expended in isometric control of
the back is an insignificant contribution to the movement. A set of
“deadlifts” in which the first rep is pulled from a dead stop and the
last reps are bounced is, in reality, one deadlift and a set of RDLs
(about which more, later). Training this way, you will never develop
the strength needed to hold the lumbar position for heavy weights,
because for 80% of your set you are relying on plate rebound and
the elastic energy stored in the elongating muscles and fascia,
instead of on dead-stop pulling strength. So don’t trade the ability to
develop long-term strength for the immediate gratification provided
by cheating your deadlifts.





Figure 4-42. The work of the deadlift is understood to include the force necessary to
maintain the correct intervertebral relationships in lumbar extension, so that the pulling

force all gets to the bar. If you substitute plate-to-platform rebound for the work you should
be doing with your back, you are a pussy.

Another problem with bouncing your reps is that any back
position problems that develop during the set cannot be addressed
as effectively. If your back begins to round during the set, it tends to
stay round or get worse unless you reset it, which you must do at
the bottom, when the bar is sitting on the floor and your back can
move into the correct position unloaded.

There are a couple of ways you can think about setting the
back before starting the pull. Positional awareness has already been
discussed, and for some people it is sufficient to think about arching
the lower back. This is, after all, most of what setting the back is
about. But really and truly, you set the entire torso before you pull,
and you may find it helpful to think about it in this way – squeezing
your low back and abs and chest all at the same time on a big
breath, not as separate muscle groups but taken as a whole unit.
This approach increases the effectiveness of the Valsalva and causes
all the muscles participating in it to contract harder and provide
more stability.
 

Looking in the right direction
 

Eyeball position is also often overlooked when you assume
the starting position. If you look straight down at the floor when you
pull, the bar will usually swing out away from your legs. It is easier
to keep your chest up and your upper back tight if your eyes are
focused on a point that places your neck in an anatomically neutral
position; this point can be on the floor (if you’re in a big room) or on
the wall facing the platform. If the floor is your gaze point, look



about 12–15 feet in front of you. Looking up is not any better for the
deadlift than it is for the squat, as we discussed at length in that
chapter. Actually, looking straight down is not terribly detrimental to
the squat, but it will make the deadlift harder most of the time. The
functions of correct eye gaze direction are to keep the neck in a
safe, useful position during the movement, to aid in placing the back
at the correct angle for the mechanics of the lift, and to provide a
visual reference for balance purposes. Looking up never works well
except in the bench press.

Figure 4-43. Eye gaze direction in the deadlift, for neck position safety and balance.

Keeping your arms straight
 

Your arms must stay straight during the deadlift. There is no
better way to produce a really lovely elbow injury than to let 500
pounds straighten out your elbows for you. The physics of this is not
difficult to understand. The force produced by the hips and legs is
transmitted up the rigid torso, across the scapulas, and down the
arms to the bar. Seen from the side, the shoulders will be in front of
the bar and the arms themselves will not be vertical, but they must
be straight.

Just as the back must stay locked to facilitate force transfer,
the elbows must stay straight during this whole process, too. A bent
elbow is a thing that can be straightened out, if the weight is heavy
enough, and the straightening out is done by force that should have



gotten to the bar. Deadlifting with bent elbows is like towing a car
with a spring instead of with a chain: the chain transfers all the pull
to the car, whereas the spring absorbs some of the force as it
changes length. The elbow is flexed by the muscles of the forearm,
the brachialis, and the biceps. If your elbows are bent, these
muscles are working unnecessarily, since they add nothing to the lift;
in fact, bent elbows actually increase the distance the bar has to
travel because they cause the bar to lock out at an unnecessarily
higher position. It is important to convince yourself that your arms
are not involved in the deadlift and that straight elbows are the best
way to pull. This will also be important when you learn how to power
clean.
 

Figure 4-44. Bent elbows in the deadlift are the fault of the part of the brain that tells you
that “All things must be lifted with the arms.” In a deadlift, the only function of the arms is
to connect the shoulders to the bar; straight arms must be learned early so that this very

bad habit does not become embedded.

Finishing the lift
 

Once the bar has completed the trip up the legs, there are
several ways you can finish the deadlift, only one of them correct.
You lock out the bar by lifting your chest and bringing your knees,
hips, and lumbar spine into extension simultaneously. Many people



insist on exaggerating some of these things, performing the
movement inefficiently and, if the exaggerations are carried to the
extreme, unsafely. For example, you don’t need to roll your
shoulders up and back at the top, creating an active concentric
shrug. The deadlift is not finished until the shoulders are back and
the chest is up, and finishing this part of the movement is important.
But the traps get sufficient work from their isometric role in heavy
deadlifts without your attempting to add additional trap work by
exaggerating the shrug and possibly causing a neck injury in the
process. Heavy barbell shrugs are a good assistance exercise for an
advanced lifter who knows how to perform them correctly, but
novice deadlifters have no business trying to add an extra movement
to an exercise that is sufficient without it.

Likewise, it is unnecessary and unwise to exaggerate the hip-
extension part of the lockout into a lumbar overextension (Figure 4-
45). Since it is virtually impossible to overextend your hip joints in an
upright position with a loaded bar lying on the anterior side of the
thighs, what actually happens is that you overextend the lumbar
spine, sometimes as almost a separate movement after the deadlift
is actually finished. This is a very dangerous habit to acquire:
uneven loading of the lumbar discs is as harmful from the posterior
as it is from the anterior.

  

Figure 4-45. An overzealous lockout that produces lumbar hyperextension is both
dangerous and unnecessary.



Figure 4-46. Unnecessary arching, as shown in Figure 4-45, asymmetrically loads the
spine to the posterior, setting up the conditions that may result in disc or facet joint injury.

Knees sometimes get forgotten in the rush to lock everything
out from the hips up. Many contest deadlifts have been red-lighted
because of the lifter’s failure to lock out the knees. This always
produces a flurry of bad language from the lifter when the lights are
explained to him, because anybody who can lock out a 622-pound
deadlift can also straighten out his knees the final 5 degrees. Once
the deadlift is finished at the top, it requires no more work – you just
have to remember to lock your knees out. Make sure you are
finishing each deadlift with locked knees, and remind yourself
occasionally to check them. This last little movement is an important
part of the lift, even if a powerlifting meet is not the goal of your
training.

Get in the habit of holding the bar locked out at the top for
just a second before you set it down, so that you achieve a stable
position first. If you are in the process of falling backwards as you
attempt to lower the bar, there will be a significant wreck. The bar



should be lowered only after it is locked out and motionless for just
a second, indicating a correctly finished lift with the bar under
control. Don’t exhale; just pause a second and then set the bar
down.

Figure 4-47. Our very strong friend Phil Anderson has forgotten to lock his knees at the
top. The fix for this is better coaching and a cue to “Stand up!” Phil has since had his knees
replaced with the apparently very good Stryker prosthetics, and he deadlifted 600 pounds

11 months post-op.

Setting the bar down fast in the deadlift is actually okay. Since
the deadlift starts as a concentric movement, much of its training
effect is due to the hard initial position and the lack of help from a
stretch reflex during the lift, as discussed above. Setting the bar
down slowly will make it harder, and some people might benefit from
the extra work, but the emphasis in the deadlift is on picking up
heavy weights. As the weight increases and the lift gets difficult,
upward bar speed will decrease. Setting the bar down slowly uses up
too much gas that could be better used in picking up your next rep.
As long as some modicum of control is exercised, the bar can be
dropped as fast as you are capable of doing safely with your back in
good position according to our previous analysis. Going down fast
with poor control is, of course, hard on your kneecaps and shins.



And depending on the type of plates being used and the nature of
the platform surface, a poorly controlled bounce can cause
problems. But in general, a deadlift can, and usually should, go
down faster than it comes up.
 

Platforms
 

A platform is a good thing to have in your weight room: use
multiple layers of plywood or particle board glued and screwed
together, with rubber mats under the area of plate contact or the
whole thing surfaced with rubber; horse-trailer mats work just fine
and are relatively cheap (Figure 4-48). Failing that, rubber mats
placed under the plates on the floor will work, but the room really
needs to be set up correctly for you to train the pulling movements.
Bumper plates, a necessary expense for the clean and the snatch,
can be used for the deadlift as well, but the more reasonably priced
ones take up so much space on the bar (they are very wide) that
iron plates will eventually need to be used as you get stronger. Your
gym should be equipped for this. And if your gym is one of those
places that doesn’t allow deadlifting, find a better gym. Sorry to
have to keep saying this, but there may come a time when your
training becomes more important than the reasons that caused you
to originally choose the inadequate facility. It’s a sign that you’re
becoming a lifter.



Figure 4-48. The basic components of a cheap and durable training platform. Three layers
of 4 foot × 8 foot × ¾ inch plywood or particle board, laid in alternate directions each layer
and then covered with horse-trailer mats, provide a durable, inexpensive training station. It
works well on a concrete floor. This particular platform has been in service in a commercial

gym for 16 years.

Straps and belts
 

Straps will be useful on occasion. Use the kind made from
seat belts (it’s probably best not to take the ones out of your car for
this purpose) or some other nylon-type strapping material, about
1½ inches wide. Cotton will not work, no matter how thick and
strong it looks; it will tear at an inconvenient time. Straps can be left
as simple pieces of material, about two feet long, or the ends can be
tacked together.

Figure 4-49. Several types of straps are commonly seen in the gym. The kind most
commonly available commercially (right) is junk: the design does not work well, these

straps do not last long, they hurt the hands, and they can break with a heavy weight. The
black one in the center has been in use since 1984 and has never failed.

Straps go around your hands, not your wrists. And do not use the



kind with a loop sewn into one end, where the rest of the strap
passes through the loop. They will continue to tighten on your wrists
during the set. Loop-ended straps are never really secure with a
heavy weight, tend to wear out quickly and tear during a heavy set,
and never stay in adjustment on the bar.

Figure 4-50. Our favorite straps are simple pieces of seat-belt webbing or other 1½-inch
strapping. They are 2 feet long, are never made of cotton, and ride down on the hands, not

on the wrists.

The position of your belt in a deadlift might be slightly
different from that used in the squat. For deadlifting, most people
seem to prefer to wear the belt a little lower in the front and a little
higher in the back than they do for squatting. In fact, some people
might prefer a different belt altogether, a thinner, narrower one that
allows the deadlift’s start position to be assumed more easily. The
bottom position of the squat is acquired after the descent under
load, while the start position in the deadlift must be acquired
unloaded; a tight belt helps the squat stay together, but for some
people, a tight belt will interfere with squeezing into the start of a
pull. A different, lighter belt may be necessary for deadlifting, and
some people even prefer no belt at all for most pulling if it prevents
a good lumbar set position. Big deadlifts have been pulled with no
belt, and you may find this best for your situation.
 

Step 1: non-dominant hand.



  
Step 2: dominant hand.

  

  

Figure 4-51. Using the straps is sometimes a challenge for novice lifters. Here’s how it’s
done.



A caveat
 

Finally, the author was a moderately good deadlifter during
his career in the sport and learned many valuable lessons about
strength off the floor during this time. Among them is that not
everybody needs to do heavy deadlifts. People with injured backs
that are prone to re-injury, and people who cannot learn to perform
the movement correctly, don’t need to deadlift with maximum loads.
It’s better if you can, since functional back strength is best built with
functional back work, and the heavier you pull, the stronger you’ll
get. But if you are not powerlifting, you don’t have to do limit
singles. From a training standpoint, there is little to be gained by
doing 1-rep max deadlifts, and your 1RM can be inferred from a 5RM
if obtaining this information is somehow necessary. That having
been said, deadlifts are still the best way to develop useful back
strength. Apply yourself to learning them correctly.

  

  



  

Figure 4-52. The deadlift.




















































































































































































































































































































































































































































































































































































































































































































