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Introduction

GUIDE TO THEGOLF SWING

AThe nice thing about these (golf) books is tha
out. One book tells you to keep your eye on the ball; tkiesag's not to

bother. Personally, in the crowd | play with, a better idea is to keep your eye
on your partner.o Jim Murray from The Sportin

INTRODUCTION

Who to believe? There are lots of ideas about how to swing a golfvdhith ideas
should you follow?

When someone presents ideas about how to swing a golf club, it is useful to ask why one
should believe the ideas. Typically, the reasons for following a particular idea include one
or more the following:

1 The presenter is one of thedt players in the world anqmtesumablymust know
something about the game.

1 The presenter has taught a number of highly successful players, and must know
something about the game.

1 The presenter has studied a large number of successful golf swings aed on th
basis of this studyhas identified common elemertatcorrelate withsuccess

1 The presenter is an older playeith experiencand on the basis of experience
and wisdomhas identifieckey attributes of the successful swing.

1 The presenter is endorskby organizations such as TV networks, Golf Magazine,
Golf Digest, professional golf orgaiitzons, and on the basis of these
endorsements, must be credible.

With personal opinions playing such a prominent role in the ideas being put forward, it is
not surpising that there are a range of views, many of which are contradictory.

The ideas put forward in thiSuide are based on sciericghysics,anatomyhuman
kinetics, geometryAs we shall see, science provides confirmation about many
conventional ideaandexplains why they workit questions some conventadndeas,
and explains why themay bein error. And it leaves you, the golfer, with some
decisions There is nainiversallycorrect golf swing.

As a sciencéased guidethe Guidefollows several pringles:

1 The golf swing is based on the interaction between human anatomy and physics.
1 The golf swingcaninitially be reduced to specific movements
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Introduction

These mvements occur because of the contraction and relaxation of muscles

It is important to know what mulss are involvedo improve the performance of

these muscles in the swing and to tailor exercises to improve their functioning

1 Since the purpose of the swing is ultimately to propelgblf balltowardthe
target, the correct performance of thevemenineeds to contribute to that
purpose.

1 Movements that do not contribute to thigposeat best areinnecessary and at

worst become a potential source of error; thleguld be eliminated.

Each relevant movement in the swing has its own physics

Understandingf the physics of the individual movemegtn lead to an

understanding the relative importance of each movement in the overall swing.

1 Physics includes measurement, but each player comes with his or her own height,
weight, length of legs and arms, golfisllength, ability to rotate, et€his Guide
addresses this through modellipgsed on persespecificparameters

1 Distance ultimately results from carrying out all the movements with speed and
precision. Lack of distance results at least in part fromnoorporating some
movements in the golf swingot incorporating tameffectivelyand not timing
them optimally

1 One should focus on the downswing, since it determines impact. The backswing
serves only to position the start of the downswing, and tkaxfdahrough is
irrelevantin determining what happens to the golf ball.

1 Gym exercises to improve the golf swing need to focus on the muscles used in the

relevantmovements in the swing.

= =4

= =4

This Guide idor theseriousgolferi the golfer who wants to improves or her game
and is prepared to invest time and energy in a methodical and organized process of
improvement.

Seriougyolfers can include beginners. Golf is a difficult game to start playing. Typically,
the swings obeginnerdack power and the ball gs nowhere, or the swings are mighty
but technically flawed and the ball goes everywherestratght

While many beginners visit the driving range either occasionally or on a regular basis,
serious beginners have gone further. They have probably bogghttaok or two

dealing with grip, stance, posture and other details. Most golf books provide few clues
about the theory and dynamics of the swing.

Seriousheginners have also probably tried a series of lessons from a professional golfer.
Like typical gof books, golf professionals deal with the grip, stance, posture and other
details. Once these are addressed, they try to get the beginner to start hitting the ball, and
then they try to corredaults

The problem with standard instructional approachesutfh books and golf professionals

is that they try to get the beginner up and going quickly, so the focus is on a few basics.
Missing is the basic theory of the swing. Without this theory, beginners do not have a
foundationfrom whichto move forward, paicularly when on their own.
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Introduction

The problem lies not witthe golf professionals; they are just trying to satisfy their clibiatr
does it lie with the clientmost aren a hurry to get instant success, saéisfied with whatever
help they get, and dot realizethe needor have thepatiencdor, a structured, longerm
approachlf blame needs to be assigned, blame the golf sutiigycomplicated, withmultiple
movement®ccuring within a fraction ofasecond anthe involvementnuscles all over the
body.

To summarize, thiSuide is for the serious beginrieone who has read the standard golf books
andtaken some lessoiasd is probably already addicted to the gamuis looking for a more
fundamental understanding of the golf swing, had the patnce to work througfis underlying
theory,

The Guideis alsofor theserious advanced playeho ha played a lot and tsperhaps played

well and whads looking for more The theory of the swing the subject of thiSuide- is not

readily found in conwational golf booksAn understanding of the theory and dynamics of the

swing may help to coax a f.ew extra yards out of

This Guide is limited to the full golf swingnd nothing but the full swing. The full swirggonly
one part of the gaeof golf The full swing is importantSo too is puttingThere are a myriad
shots requiring less than a full swing (thearter and half wedges, chippimitching, sand and
trouble shots); these are important for a complete game. Not only is it amptrtoe able to
execute shotst is also important to know when to execute shots, where to aim and how to select
the right club For the competitive minded gelf it is important to know how to play well in
competition For all of us, it helps tmana@ our game, to keep a good round together for
eighteen holes, and tuickly identify and solveproblems that coulduickly transfom a good
round intoa badone Finally, fitness has a role toGeneral fithess helps manage fatigue and
prevent injuriesFitness targetd specifically at the golf swing can create strength and flexibility
and lead to increasgubwerand distance.

This Guide focusesnly on the full golf swingThis aspect of golf is not more important than
others; it makes up only one parttbé fascinating game of golf.

In thisGuide
1 Chapter 1 provides an introduction to anatomy, physics and the basic movements in the
golf swing.

1 Chapters 2 to 9 describe the basic movements, starting with the anatomy of the joint
involved and the relationghbetween anatomy and thelf movement.

1 Chaptes 10to 13 address the physics and geometry of the golf swing, leading to a model
of the golf swing The model provides the basis for commentagpects of the swing.

1 Chapterl4 provides some ideas abouthto incorporate the movements into your
swing

1 Chapter b offers some exercise tips related to the movements

The hope is that it wilhelp you tcadd thirty or forty yards to your game, aidoring your
handicap down by five to ten stok@die correspoding fear is that it wilcauseyou to obsess
aboutmusclesand to creata path of destruction and lost balls in its wdke warned.
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Introduction

This Guide is a total revision to a previous version produced in 2010. Notable changes include the
addition of inform&on on the physics of the golf swing, corrections related to the role of the hips
and legs in the swing, and the introduction of the spinal tilt as a fundamental part of the swing.
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Chapter 1: Anat omy, Physics and the Swinlgbs Basi

CHAPTER1: ANATOMY, PHYSICSAND THE SWINGGS
BASIC MOVEMENTS

Going roundin circles

The golf swingworksbecause muscles contra€he contraction of muscles createtation.
These are the two keys to the golf swing: muscle contraction and rotation.

Let us start with muscle contractionultlesand their related tendomase d@tached to two

different bonesMost muscles function as part of a lever system in which rigid rod (a bone)
moves on a fixed point called a fulcrum (a joint) when a force (a muscle contraction) is.applied
With levers, a heavy load can be moved with Iéfsstehan would otherwise &necessary.

Of course, there is more involved than muscle contracti@pecific muscle will pull a body part

in only one direction through its contractidghcannot push the body part to move in the opposite

direction For that movement, another muscle is necesSamyically, muscles operate in pairs

AAgoni st soO ar wthatploede the mamércdndrnvteagoni st so0 oppose th
t he n a.gwoillustratatscause a straight arm to bend at the elltbebiceps on the top of

the upper arm ar e t hlestdighteotheibent agtite triaelps atthe cont r act
back of the upper arcontract t hey are t he fAantagoni stso

Movement will normally involve naldothenly the cont
rel axati on o fOutbhams nianage thee gelaxatios gide @f movement automatically
sothat we rarely notice.ifThis Guide will focus on muscle contraction.

In the golf swing, muscles operate to cause rotation.

Consider the wheelsaa car. The engine rotata shaft to which the wheel is attached. The
surface of thevheelis in contact with the rogdutis some distance from the rotating shaft. The
rotating shaft at the centre of the wheel causes considerable movement at théeoémecen
where thevheelmeets the road. One way to look at the golf swing is as a number of rotating
shafts, each creatirdub headnovement at the circumference of the citcéeked out by the
club head during the swing

What are thes? fArotating shaftso
Theeightmovements in the golf swing are:

1 cocking and uncocking of the wrists;

9 rotating the forearms at the elbow;

1 moving theleadupper armin the shoulder socket;

Pageb




Chapter 1: Anat omy, Physics and the Swinlgbs Basi

rotating the upper arms within the shoulder sagket
moving the shoulder soclest

twisting and untwisting the spine;

= == =4 =

rotating the hipsand
9 tilting the spine.

For each movementhe Guide willdescribe the basic anatomy, outline how anatomy is
i ncorporated into the movemetprovidecuihéadspeed why t he
andoffer tips to improve performance where warranted

Letbds | ook at the individual movement s
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Chapter 2: Cocking and Uncocking the Wrists

CHAPTER 2: COCKING AND UNCOCKING THEWRISTS

Time to be cocky

WRISTANATOMY

The wrist isthe jointbetween the hand and the foreatinallowsfor the positioning oftte hand
relative to the forearnMuscle contractions around the wrist allow the hand to be positioned in
various ways relative to the forearfrhe basicwrist movements include:

Radial abductiorfmovemenbf the handowards the thumtor upward;

Ulnar adduction(movemenbf the handtowards the little fingeror downward)
Palmar flexion(tilting of the handowards the palpor forwarg; and
Dorsiflexion (tilting of the handowards the back of the harmat backward)

=A =4 =4 =4

Start Position Palmar Flexion Dorsi Flexion

You can isolate the hand movent around the wrist joint by holding your right forearm with
your left hand to eliminate forearm movemeértten, startmoving your hand forward, backward,
upwardand dowmvard Focus on the muscles that you are using in relation to each movement.
Rapid epetition, perhaps with a light weiglm the handwill fatigue thespecificmusclescausing
the movementThis fatigue will give you an intuitive sense of the muscles being worked by the
movement.

WRISTANATOMY AND THE GOLF SWING
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Chapter 2: Cocking and Uncocking the Wrists

In golf, we are looking foa wrist movement thatauses the club to gavay from the target on
the backswing and toward the target on the downswihig. movement will propel the ball down
the fairway toward the target.

Suppose one grips a golf club with both thumbs on top odlibé when thelub faceis
perpendicular to the target. In this situation, palmar flexion in the lead wrist and dorsi flexion in
the trailing list produces a backswing that goes directly away from the t@uagst.flexion of the
lead wrist and palmar fkon of the trailing wrist will move the club directly toward the target.

Suppose one wanted to use radial abduction and ulnar adduction in the swing. With both thumbs
on top of the shaft, ulnar adduction in both wrists would lift the club up, and rddiat¢ton

would lower the club. The action would not propel a golf dailn the fairwayoward the target
Instead, it would drive the ball into the ground.

The only way radial abduction and ulnar adduction will propel the ball down theafes to
placeboth thumbs at the side of the shaft when the club face is perpendicular to thdtasget.
position is 90 degrees from the position discussed akine gets both thumbs at the side of the
shaft by rotating the forearms. As we shall see in the nexteh#pissetup rotatiomwill

eliminate the forearm roll, which is a significant power source in the golf swing.

The two examples above illustrate that wrist movement and grip position on a club whose face is
perpendicular to the target need to be coneitiemgether.

When the club face is pointing toward the target, the standard teaching is to grip the club so that
the thumbs are abmewhat athe side of the shaft away from the tardgedth thumbs are
pointing toward the trailing shouldérhisisconsie r ed a fstrongo gri p.

For beginners, this teaching has some logic. Beginners often lack either the strength or the timing
to get the clulface perpendicular to the target at impadte club face is open and the ball
typically sl i c echeatinghmeéhanism that lgefps bgginitemureithsir slice.

To propel the ball down the fairway toward the target, théchingwould require the lead wrist

to move through a combination of palmar flexion and radial abduction on the backswing to get
theclub movingdirectly away from theéarget and dorsi flexion and ulnar adduction on the
downswing to the club moving toward the target on the downswing. The trailing wrist would
execute dorsi flexion and ulnar adduction on the backswing, and a palman e radial
abduction on the downswing.

A better approach is to place both thumbs on top of the shaft when the club face is perpendicular
to the target at set up. In the backswing, the lead wrist would execute a palmar flexion on the
backswing and dorglexion on the downswing, while the trailing wrist would execute a dorsi
flexion on the backswing and a palmar flexion on the downswing. This approach is better for
these reasons:

1 Consistency. With the thumbs always on top of the shaft when the cluls face i
perpendicular to the target, the grip will always be the same. When the thumbs are to
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Chapter 2: Cocking and Uncocking the Wrists

some degree at the side of the shaftijll be difficult to get the thumbs in exactly the

same positioor each swingandthe risk of inconsistency increases.

Muscdar Simplicity. The recommended approach involves only two wrist movements
(dorsi flexion and palmar flexigrand their related muscle groupée traditional

teaching involves four movements and four muscle groups. Muscular simplicity is
important becaustne brain has limited capacity to think about muscle activity during the
golf swing. It can manage the involvement of two muscle groups, but not four. To the
extent that one wants to bring the golf swing into the consciousness of the brain, muscle
simplicity matters.

Control. When a movement requires a combination of upward and downward movements
(ulnar adduction and radial abduction) along with forward and backward movements
(palmar flexion and dorsi flexion), it is difficult to get the balance corretiem\a golf

swing requires only the forward and backward movements (palmar flexion and dorsi
flexion), control increases.

Muscle strength. The muscles controlling dorsi flexion and palmar flexion are more
powerful than those controlling the radial abductma ulnar adduction. One reason for

the greater power is that these
muscles are more commonly used i
daily life. Thisis illustrated by the
fact that the crease in the skin at the@ll - case at
wrist is alongthe axis for the palmar B8 \v/rist Joint
flexion.

Range of movement. Palmigexion
leads to a range of movement of
about75 degrees relative to the
forearm Dorsi flexion has a range of
movement of 45 degrees. When bot
wrists act together on a gripped cluk
thesmallerrange of movementtetermines the range of movement of thib.cThe range

of movements thereforet5 degrees in both directiondlnar adduction leads to a range

of movement relative to the forearm of about 40 degrees while radial abduction produces
a range of movement of about 20 degrees. The total range ofmaovéom a

combination of radial abduction and ulnar adduction is 60 degrees. Wrist cocking and
uncocking will get a larger range of movement when based on palmar flexion and dorsi
flexion, than on radial abduction and ulnar adduction.

Effect on forearmall. Forearm roll comes from rotating the forearms at the elbow. It is

the subject of the next chapter. The forearm roll is an important power source in the golf
swing. Placing the thumbs at the side of the shaft so that they are pointing toward the
trailing shoulders requires the forearms to ratatbe set up, to accommodate the grip.

This rotation comes at the expense of rotation during the swing. Rotation in the swing
creates power.
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Chapter 2: Cocking and Uncocking the Wrists

The bottom line:

1 With the club aiming at the target, grip the cluithvboth thumbs on top of the shaft.
This places théead palm facing way from the target and the trailing palm toward the
target.

1 With the wrists, perform a backward movemgalmar flexionin the lead wrist and
dorsi flexionin the trailing wrisj and brward movement (dorsi flexion in the lead wris
and palmar flexion in the trailing wrist)

1 Do notincorporate an upward and downward movement (radial abduction and ulng
adduction) with the wrist
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Chapter 3: Rotating the Forearms at the Elbow

CHAPTER 3. ROTATING THE FOREARMS AT THEELBOW

Let theforearms role

ELBOW ANATOMY

Three bones come together at the elbow joint. The humerus is the bone in the upper arm. The
radius and ulna are the two bones in the lower Bifferent portions in the elbow joirallow the
armto bend or straighten #te elbow and torotate clo&wise andcounterclockwiseat the

elbow.

We shall discussdmnding and straightening the arm at the elbo®@hapter 5The more
important movemeris the rotation othe forearms clockwise amsbunterclockwiseat the
elbow.

The rotdional movement is causéy musclesiear the top of the foreari®ne endhttaclesto
the bone in the upper arm (the humerus)thedtherto the two bones (ulna and radius) in the
forearmT h ey o0 per the &msd that their eantéaction caugbe rotation.

You can observe the clockwise atmlinterclockwise rotation if you hold your upper arm
stationary with one harntd immobilize it and then rotate the foreariou should observe that
your wrist can rotate from facing up to facing down. Thia rotation of almostéD degreesSee
the pctures below for the right arm

Start Position Rotation Outward Rotation Inward
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Chapter 3: Rotating the Forearms at the Elbow

Note that this rotation is separated
independent from cocking and uncocking th¢
wrists as the pictures illustrate.

By rotating your lower arm clockwise and
counterclockwise quickly for a while, you
will fatigue the muscles whose contractions |
are causing the movement, and will get an
intuitive feel of the muscles involved.

Without Wrist Cock With Wrist Cock

ELBOW ANATOMY AND THE GOLF SWING

Grip a golf clubin both handshold it in front of you, andry to rotate the right and left forearms
clockwisewithout involving other movements such as cocking and uncocking the wrists, or
moving the upper arm in the shoulder socket, or rotating the upper arm in the shoulder socket.
Then, rotate the club countelockwise.You should observe considerable moesnof the club

face It is this movement that generates club head speed and distance in the go¥\svaadi.

this movement the forearm roll.

Some advisers recommend against the forearm roll, but as we shalCfepter 12 on modeling
the golf swingthe forearm roll, properly executed, is a significant power saheateshould not
be ignored

The angle between the club head and the forearms can range from about 90 degrees to about 180
degrees. fiere is considerably more movement in the tledd wherthe angle between the

forearm and the clushaftapproaches 90 degremsd less movement when the argpgroaches

180 degreesdiVhen the anglés 180 degrees, rotating the forearm rotates the club face, but does

not cause the shaft of the club to madviaximum movement occurs at 90 degrees.

The angle of the gripped club to the ckiaft makes a differenc€his angles determined by:

1 The way you position the hasitelative to the forearsmat setup and
1 The way you grip the club

In terms of the positionf thehands relative to the forearspwe saw in the previous chapter that
the muscles in the forearm can pull trend bwards theradius bonéradial abductiori

movement toward the thumbr toward the ulnar bone (ulnar adductiomovement toward the
little finger).
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Chapter 3: Rotating the Forearms at the Elbow

NeutralStart Position Radial Abduction Ulnar Adduction

Radial abduction ilf increase the angle between the forearm and the shaft of the golfuatiib
enhance the effect of the forearm r@lbrversely, Inar adduction wil decreae the angle
between the forearm and the shafthaf club and detract from forearm raNhatever the extent
of radialabduction or ulnar adductipit is importanto maintaina constanamount hroughout
theswing

The other factor that
affects the angle
between the forearm
and the club shaft is
the gripin the lead
hand specifically
whetherone grips
the clubalong the
finger ling as in the
left picture or inpalm, as in the right picture

For any amount of radia N -
abduction, the two different 90 Degree Club Shaft - Club Shaft
grips positionsan change the Forearm Angle ] Gripped
angle between the forearm and AccassEalm
the club shaft by 10 degrees.

If one grips the clulalong the
finger lineand at the same time
maximizes radiahdbduction of
the wrist joint the angle

. 4 y S »
between théorearm and the " i

club can approach 90 degrees Haria tine Wi

Maximum Radial

A 90 degree angleetween the . Abduction of Wrist
forearms and the club shaftds
problem in several respects:

1 The geometry does not put the golf club on the grairsgtuplmagine a player who
sets up with arms hanging vieglly from the shoulders. A 90 degree angle between the
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arms and the club shaft puts the club horizontal to the gr®Madheed an angle that puts
the club on the grounahot horizontal to it

1 Maximum radial abduction would make it more difficult to catld uncock the wrists.
Try to cock and uncock the wrists (dorsi flexion and palmar flexion) starting in the
maximum radial abduction position. You will find a diminishhradge of movemern
the wrist cocking and uncocking. Avoid maximum radial abducticensure efficient
wrist cockng and uncocking (palmar flexion and dorsi flexion)

Our golf model discussed in Chapter 12, observes that an angle of 120 degrees gives slightly
more distance than 130 degrees, which in turn gives noticeably more diseamdd@degrees.

Experiment with lowering the angle between yfarearms and club shatfh the 120 to 130
degree rangeby adjustingpothyour grip andyour hand positions relative to tlierearm

Note that to make different angles woyku will likely need to make modest adjustments to the
amount of knee bend, the degree to whichbend forward at the hipthe distance between
your feet and the ball, and the angle betwgeur upper arms and the spine at the stégtour
swing

The bottom line:

1 Do the forearm roll (despite occasional professional advice to the contrary), as it is

significant power source.

1 Execute the forearm roll by using the muscles around your elbows to rotate your fo

at the elbows clockwise and countdockwise.

1 Experimen with lowering theangle between your club shaft and your foreaoribe
120 to 130 degree rand®y gripping the club across the finger line in the lead hand
rather than across the palm, and by getting a stoldgree of radial abduction of the
wrists.

Keep the degree of radial abductmithe wristsconstant through the swing.
Adjustthe amount of knee bend, the degree to which one bends forward atsthibehip
distance between the feet and the ball, and the angle between the upper arms and
spineat the start of the swintp make the improved angieork.

=a =
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CHAPTER4: MOVING THE UPPERARMSIN THE SHOULDER
SOCKETS

Arms and the Swing

SHOULDERANATOMY T PART |

The shoul@r consists of three bones: the collar bone or clavicle; the shoulder blade Wlascap

and the upper arm or humerus. Tlomtwheeethen Ashoul der
upper arm attachee theshoulder bladéscapula)

This joint is a fbaltheroanded ens ofth& umeyus,jwilethee . The bal
socket isa dishshaped structure in tleoulder bladesCapuly.

This ball and socket joirdllows theupperarm to movean a numbeof directions, limited by the
socketand the flexibility of the muscles holding the bone in the sodked. movementsare
singled ait here upanddown, and toward and away from thedy centre

One can get a senseug-and dowrmovement by startingy standing ereawith the arnvertical
tothegroundad ne 6 s si de, t bptothedmantiliit is borizoriiakto thergpand,
and continuing to move it until it is vertical to the groultis movement encompasses about
180 degrees.

One can get a sense of thevementoward and away from the centre of the bbghstanding
erect andholding the upper arm straight out ifit horizontal to the ground, moving the upper
arm on the samieorizontalplaneas far as it will gdo the centre of the body, then moving the
upper arm on the same plane away from the centre of thedsddy as it will go

When the arm is straight out in front
horizontal to the groundh¢ movement
of the upper arnto the centre of the
body from the start position shoube

Arm Elevation Range of Movement from
Relative to thespine | Straight Out Inward to the
Centre of the Body

about 70 degree§he movement from "g0 gegrees 70 degrees
the start position away from the centre

of the body camealmost 90 degrees. | 60 degrees 60 degrees
In carrying out this movement, take | 45 degrees 45 degrees
care not to movgour shoulder socket

forwardor backwardMoving the 30 degrees 30 degrees
shoulder socket forwarahd backward 0 degrees 0 degrees

is another movement to be discussed|in
Chapter 6.
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Now, instexd of starting with the artmorizontal to the ground, lower the aenfew degrees and
retry the movemertbward and away from the centre of the body on the same lewainGe to
retry the movement, each time lowering the level a few degxegs.that as you go to lower
levels, therange of movemerb the centre of the bodiecreases, as tishest andippe body get
in the way.

You can get an intuitive sense of which muscles are perforthimgnovemenby executing a
number of repetitiongperhapsvith a light weight, and feeling where the burning sensation
occurs.

Essentially, muscles attached on the loaed to the upper arm and on the other hand to the
scapula and other bones contraatnmvethe arm inthe various directions

SHOULDER ANATOMY AND THE GOLF SWING
In the golf swing, the lead upper arm is our focus. It provides the power and directiergtifth
club. The trailing upper arm primarily moves to atenodate the actions of the lead arm

Consider the shoulder socket on the lead arm as the centre of a circle. Because the shoulder joint
is a ball and socket joint, the lead arm can move arourshthdder socket in a variety oifcles
Let us consider some possibilities:

1 Option 1: Start from a position wheoeeis standing erect and the lead arm is extended
straight ouperpendicular to the spirat the level of the shoulder sockistove thelead
around in a circle at that elevation. In this scenario, the muscles which cause the arm to
go up or down would retain whatever contraction they started(teitinanage gravity)
but would reithercontract nor relakurtheras the arm rotatesoundthe drcle. The
active muscles would be those that cause the lead arm to move towlaodylcentre
during the backswing and away from thady centre in the downswindVhen the arm
moves from the start position across the body toward the centre, the rangecofient
is about 7alegrees

1 Option 2: Start from a position wheoeeis standing erect and the lead arm is extended
some degredselow perpendicular to the spise that the hand is lower than the shoulder
socket Move thelead arm around a circle in veh the low point in the circle would
occur at the start position. The lead arm waunlivebothacross the body toward the
centreof the bodyand upon the backswing. fien, it would movaway from the centre
of the body in the opposite directiand dowron the downswingdo the start and impact
position After impact, the lead arm would move away from the centre of the body and
up. The active muscles would be both those on the top and bottom of the shoulder socket
that cause the arm go up and dowmas wéd as those at the front and back of the
shoulder socket that cause the arm to move across the body toward and away from the
bodycentre.ln comparison with Option 1, Option 2 is more complex from a muscular
perspectiveThe range of movement across theypes more restricted than Option 1, as
thelower elevation allows thbodyto restrict thearmmovement, but the movement
upward is not restricteddn balancethere is a range of movemeapgproximately the
sameas in Option 1
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9 Option 3: Start from a pasbn where theneis standing erect and the lead arm is
extended some degrees lower tpanpendicular to the spirfas in Option 2)Movethe
lead arm around a circle at the same elevati@tt® start position (as in Option 1.
this option, the mscles that control the up and down movement of the shoulder remain
inactive. The active muscles are those that move the appeoward to the centre of the
body on the backswing and away from boelycentre on the downswing and follew
through. The rangef movement across the body is less than in Option 1, because the
body intrudes on thepper armmovement to a greater extent.

The picture illustrates thiree
options. The vertical line is the
spine.In Option 1, the
movement of the upper arm 4 Circle Radius:
causes th hand/club to trace 5 - Option1
out a circle. The plane of the e :
circle is perpendicular to the H
spine. In Option 2, the upper : .
arm is below perpendicular to i Circle Radius:
the spine, but the movement o . NG ] option2
the upper arm continues to £ nnn RN

AN
\

allow the hand/club to trace ou BTN i i
a circle Theradius & the same . Circle Radius:
as in Option 1The plane of the Option 3

circle follows the radius and is
at an angléess than
perpendicular to the spink.one imagines the elevation of the hand/club as it moves around the
circle circumferencehe track of the club/hand will hawem up and down componeht.Option

3, the radius of the circle traced out by the Helnf is less than in both Option 1 andThe
elevation of the hand/club remains constant as the upper arm moves in the shoulder socket

iy

With Option 1,when one movesdm standing erect to the golf swing setupere the spine is

tilted forward it would be technically difficult, if not impossible, to get the ctubthe ground at
addressas onds unlikely to find a configuration of knee bend, forward lean, angle battinee

club shaft and the forearm, and club length that would end up with the club on the ground. Option
1 was introducetb demonstratéhe concept of a muscularly simple movement

Option 2 when incorporated into the golf swirig,complicated from a mustar perspective
since more muscle groups are involviédnvolvesgeting the right combination alhovements
acrossand away fromtte bodycentreand upanddown. However, when perfected, it will
produce power and distandgecause the radius of theobdr traced out by the hand/club is
maximized This is a good option for the skilled player.

Option 3 is conceptually simpte incorporate into the golf swin@ption 3 requires that the arm
stay at the same elevation relative to the spine. In Optiorm 3néimtal thoughts should include
keeping the club at the same elevatielative to the spinandnot contracting the muscles that
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move theupper arm up and dow@ne needto think only of moving the upper arm across the
body tavardthe bodycentre on théackswing, and back to the start positiord beyonan the
downswing. However, there will be a loss of distaniféhe maximum because dfd small
rotation circle radiusThe lossn distance may be offset pgtter contacfrom a simpler swing.
The més-hits should diminish and the average distasbeuld go upThis is a good option for
beginnes andhigh handicamplayers.

The problem with the movemeaot the upper arm in the shoulder sodkethe flexibility inherent
in the ball and socket shouldeint. The upper arm can go in a variety of direction.

One solution to the problem is OptionlB.this option, focus on moving the lead arm across the
body toward thdodycentre on the backswing aaday from the body centre on tewnswing
and followthrough. Avoid trying to move the lead arm (garticularly on the backswing) or
down

If one opts to pursue Option 2, the issue is more complex

In the golf swing where the spine is tilting forward because of the forward teachallenge is

to get the uper arm to trace out a cirokghich movesthe club head directly away from the target

on the backswing, back to the start position at impact, and directly toward the target on the follow
through.Getting the correct circle involves getting the correctriidaf movementscross and

away from thébodycentre on the one hand, and up and down on the other.

One way to get the correct movemeantheswing s t o assume onebd6s nor mal s
without a clubswing the lead armdirectly awayfrom the airgetin the backswing and toward the

target in the downswing and folletkirough.Use your eyes and brain to tell you whettner club

is on the correct path.l&e the trailing hand on the lead shoulder socket to immobilize it; make

sure the lead shouldsocket does not movilotetherange of movement in the backswirity

should beestrictedas the upper body impedes the moveméfiten you feel the restriction, the
movementoward the body centghould endNote the position of the lead arm relativeotm e 6 s

chest it should be across the chest. Note the position of the lead arm relative to the chin; the lead

arm should not be getting up to the chiiny to get a sense of the balance between the atr®ss

body and up movements in the backswing.

Now, rery the movement, this time holding a golf club in the lead hand. Atrifing range, try

to hit the bdl straighttoward the targdrom your swing setup positionith a onearmmovement.

Do not incorporate any other movements in the swing; use onlgatlearmHit a number of

balls.If you have problems at firstftar you get some skill in the movement, you will start to hit
the ball better. At this point, note whether your balls are straight on target, or to the left or right.
The ballflight will tell you whether the plane of your swing circlg@ng directlydown the

target line As you continue to hit ball$ry to get a sense of thalance betweemovements
acrossand away from the body cen@ed upand down and the limits to your range of

movement.

Many players oveswing. In the interest of getting more power and distaihes, move the lead
arm too much in the up direction and not enough in the atlessody direction. In some cases,

Pagel8




Chapter 4: Moving the Upper Arms in tBaoulder Sockets

they begin with the propercrossthe-body movementput when they come to the end of their
range of movement, rather than stopping the backswing and starting the downswing, they
continue the backswing by moving the lead arninugn effort to get more poweks indicated in
the section on shoulder anatorttyere is no practical limit on the range of movement in the up
direction but there are limits on the acrabg-body movementThe up and acroghe-body
movements become unbalanced in the up direction, and the club nfiothes desiredircular
path.

The typical result is a club path that goes from outside the target line before impact to inside the
target line after impact (i.e. an outsidansideswing). The corresponding ball flights are a pull
hook (closé club face at impact), a straight pull (bléace square to the ball pathimpac}, or

slice (club face open to the ball pathimpac}. Monitor the flight paths of your balto

determine whether you may be owsvinging.

One way to test for oveswinging is to put an object (tee, towel, eto.jhe lead armpit during
the swing. If the item falls to the grouimdthe backswingthe lead arm is separating from the
bodyas it goedoo farup on the backswing. This test also becomes a drill to correct the fault.

Another correction technique is samply realize that if you hold golf club and perform an up

down movement of the lead arm without going across the body, the result will not be the coveted
extra distance, but a golf ball driven into the grourtte mental note that going up too much
doesnot add distancshould reduce the temptation to ogeving.

A third technique is to monitor the position of the lead arm relative to the chin. If the lead arm
rises to the level of the chin, you are probably esxinging.

The BottomLine:

1 Think about thanovement in terms of a circular plane around your lead shoulder so

1 For experienced players, pursue Optiofi ¥ to move théead arndirectly away from
the target on the backswing and directly toward the target doltbe/-through by
getting the ight balance of upnd downand acrosshe-body movements of the upper
armin the shoulder socket

1 Practice this movement using just the lead arm, to get a sense of the movement.
Subsequently, try hitting a number of gb#llsonearmedusing the lead an. Monitor
the path taken by the ball, with objective of getting a path directly toward the target

1 For beginners, pursue Opti@nTry to move the lead aracross the body to thmdy
centre but notip on the backswing and away from the cebtrenot dow on the
downswing. Try tdkeep the lead aron the same vertical plane through the swing by
eliminated the up and down movements.

1 Monitor whether you are ovawinging, by(1) monitoring the flight path of your balls;
(2Qusingt he Tfobj ectpiitotestivhetber yoer Eeabl arantismoving up, anf
(3) noting the position of your lead arm relative to your chin
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CHAPTERS: ROTATING THE UPPERARMS IN THE
SHOULDER SOCKET

Going Around in Circles

SHOULDERANATOMY 1 PART 2
In the previous chapter,eraddressedhe movement of thieadupper arm in the shoulder socket
Now wedl |l tal k bathuppetardinther shoaldeasbcked n o f

To understand this rotatiostart byholding your right upper arnstraightout in front make a 90
degree bndbetween your upper and your lower aand point youtowerarmupward so thait

is vertical to the ground.oosely grab your upper arm with your left hand to hold it in one place,
without impinging on its movemerntlow, rotateyourlower arm inwardaward the centre of

your body, then back to the start position, and then outward to the extent possible.

This movement occurs becaugrir upper arm isotating inits shoulder socket You can see
this rotation if you focus on your elbow. Out the outiesg pointing down When you otate your
lower arm inward your elbow point outward away from the body

You should be able to rotageur lower arminwardabout 90 degredsom the start position
(lower arm up, elbow down) to the finish position (lowandiorizontal, elbows out)

Return to the start position (lower arm vertical, elbow doang try to rotate your lower arms
away from the centre of the badyou should experienaelatively little movemenoutward

The total rotation from moving the lowarms inward and outward is about 90 degrbksst of
this occurs when the forearm is rotated inward so that the elbow points outward.

The ability to rotate the upper arm in the shoulder sakses from the fact that the shoulder
joint is a ball and sdet joint. This ability ighe result of muscles contracting around the shoulder
joint.

You can get a feel for which musclae involvedby allow your upper armto hang verticallyat
your sidefrom a standing or sitting position, anstaiing your upperarm quicklyand repeatedly
clockwise and countatlockwise In time, you should begin to feel the burn as the muscles
around your shouldefatigue. If you do not feel this burn, hold a light weight and repeat the
exercise.

UPPERARM ROTATION IN THE SHOULDER SOCKET AND THE GOLF SWING

In the golf swinggrip your club in front of yowvith the thumbs on top of trehaft Both elbows
will be pointing downThe leadupperarm can rotate about 90 degrees, with the elbow moving
from down to outward in the backavg, and outward to down in the downswing.
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This rotation adds to the forearm rotation discuss&thampter3. In that Chapterwe noted that
forearmrotationadds power to the golf swin@he rotation of the upper lead arm in the shoulder
socket adds to ehforearm rotation.

To support the rotation of the lead upper arm in the shoulder socket, one would want the trailing
arm to rotate in the same direction. Howevee, trailing arnstarts initially in a position that is
essentially down; it cannot rotatenard to any significant degregs such, it does not
supplementherotation of thetrailing forearm at the elbowsince the lead and trailing arm®a

linked through the grip and work together, the lack of rotation in the trailing arm limits the
rotatioral effect of the lead arto lessthan the 90 degrees that it could achieve on its Gwe

overall otationof the golf clubfrom the rotation of theeadupper arm in the shoulder socket
combined with the lack of rotation of the trailing upper arm insti@ulder sockes

approximately 45 degrees

We have noted that at setup, the thumb on the trailimgs located on top of the shaft of the

club. This puts the trailing elbow substantially, but not necessarily fully, at the limit of its inward
rotation.To simplify the golf swing, it is useful to rotate the trailing upper arm inward to the
limits of its movement in the setup, and keep it there throughoutiaitiewing, rather than allow
someinwardrotation inward during the swing.

Golf analysts in bookss/ideos or television on occasion discuss the trailing elbow. They usually
make the point that theailing elbow should be pointed toward the ground at the top of the
backswing, and not pointeditward When the elbow points outward, it is sometimes

chamct eri zed as Au#aalilifigfelboyw pantedutwarlda thevtap of the backswing
canaffect:

9 Direction. Theclub headwill likely follow a pathfrom outside the line of flight prior to
hitting the ball, to inside the line of flight after contdgepending on the angle of the
club face at impact, the baliill sliceif club is open at impacgo straight offlinen a
pull if the club face is square, and experience alpadk or duck hook if the club face is
closed.

1 Distance When the trailing ddow is pointingoutward therewill be a loss of distance
The reason is that the rotation of the trailing elbow nullifies the rotation ddtbarm
arnms. As noted in Chapter 3, the forearms are a power source.

The proper rotation of the trailing uppenain the shoulder socket does not add much to the
backswing, but faulty rotation in the wrong direction can do damage.

A test of faulty rotation is to place an object in the armpit of the trailing arm. If the object falls to
the ground during the basking, then there is separation between the upper body and the trailing
upper arm caused by tbetwardrotation, and the object will fall to the grourfs a practice

drill, swing with the object in the armpit, and make every effort not to let the objet fh#
grounduntil after impact

The rotation of théead uppearm in the shoulder socket should be clockwise for the right hand
golfer on the backswing, and countdockwise on the downswingror the trailing upper arm, if
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one starts at the limit ofackwise rotation, then there is no rotation on the backswing, but
counterclockwise rotation on the downswingust past impact, the countdockwise rotation of
the lead upper arm stops as it reaches the limit of its range of movement.

Golf analysts oaasionally talk about the direction of the clubface at the top of the backswing in a

good golf swingThe possibilities are open, squareandclofedle def i ni ti ons of fop
Asquaredo and Acl osedd general |l y stentofoppermpr eci s e,
armrotation in the shoulder sockamdforearm rotationA lot of clockwiserotation for a right

hander can be associated with an Aopeno club f ac
rotation associatedOpndhi @ Mmoot espdwecti ub. face.

AN ASIDE ON THELEAD ELBOW

What about bending and straightening the lead arm at the elbow? The modern golf swing
typically involves keeping the lead arm straight. In theory, bending the lead arm offers the
potential to add another mement to the golf swing, to invoke another set of muscles, and
ultimately to increase distance. Yet successful modernrgalfenot bend the lead elbolvis a
technique that has evolved out of the game, presumably because it does not work; the loss of
accuracy and control is not worth the additional distafibe conclusions: keep the lead elbow
straight till after impact

The bending and straightening of the lead arm at the elbow is caused primarily by muscles in the
upper armThese muscles attachtte lowerpart of the bone in the upper arm (the humerus) and

to the upper part of the two bones in the forearm (the ulna and ra@ingjacting the bicegon

the top of upper arm causes the arm to bend at the elmwracting thericepson the baclof

the upper arm causes the arm to straighten. To keep the lead arm straight, maintain the
contraction of thericepsin the back of the lead upper arm from the start of the swing until after
impact.

AN ASIDE ON THETRAILING ELBOW

In the backswing, the losv and upper portions of the trailing arm bend at the elbow because of a
contraction of the bicep During the downswing, the trailing arm straigi because of the
contraction of thericeps. Is this movement a power source in the golf swing?

The answers no. If one assumes the setup posjtaomd contracts the bicepf the trailing arm,
the forearm moves upward. Contracting tfieepscauses the forearm to move downward. The
up and down movement in the golf swing does not propel the ball forwardsanth, is not a
power sourceT he trailing arm bends to accommodate other movements in the golf swing.

The Bottom Line

1 Rotate the lead upper arm in the shoulder socket in the same direction as the foree
to give added effect to the forearm rolarfa right hand golfer, the rotation would be
clockwise on the backswing, and countirckwise on the downswing. For lefties, the
opposite would apply.

1 At setup, rotate the trailingpperarmin the shoulder sockesd the limit of itsinward
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range of movment, and keep this position throughout the backswing.

1 Do not, under any circumstances, rotate the trailing arm in the opposite direction di
the backswing, i.e. for the right hand golfer, cowateckwise on the backswing and th
opposite for a lefhand golfer.This will cause problems with both direction and distar

9 Put an object in the armpit of the trailing arm and see if it drops duringathkswing
This is a sign of a faulty rotation. As a drill to correct this faulty rotation, practice wit
the object in the armpit and do not let it faditil after impact

1 Inthe downswing, rotate both arms in the shoulder sdoketinforce the forearm roll.

1 Do not bend the lead elbow in the golf swing. Usettitepsto keep the lead arm
straight duringhe backswing and till after impact.
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CHAPTERG6: MOVING THE SHOULDER SOCKETS

Socket it to me

SHOULDER SOCKET ANATOMY

In each shoulderhe sapula and claviclenake upabone structure which hadhe shoulder
socket This bone structursheldinplacdbby muscl es attached to
structure an move aroundeach shoulder socket can move upw@slin a shrugdownward,
forward and backward, and points in between.

One can raise and lower the scapula and clavicle. This occurs thheugbntraction of muscles
attached to thbone structureand thespine,neck and skull. The contraction of these muscles
pulls the bone structurgp. Muscles attached to thene structurand the ribs can contract to
pull thebone structureown (althowgh when standing, gravity also works)

One can also move thmne structuréorward and backward.he forward moementcomes by
contractingmuscles which connect the bone structure to the filotThe backward movement
comes by contracting the trapeziwhich attachethe bone structure the various vertebrae in
the upper part of the spine, and themboids, which attach tH®ne structuréo vertebrae in the
middle of the spine.

To get a sense of the potential effects of this movemieim, a chai with a low back that does
not impede the movement of your shouldemmobilize alljoints but the shoukt socket, and
move the shoulder socket forward and backwaal will notice that you can move your
shoulder socket forward by abdbteeinches, ad backward by the same amouihite extent of
the movemeris illustrated in thdollowing pictures with the ear as a reference point

Socket Start Position Socket Forward Socket Backwardl

THE SHOULDER SOCKET AND THE GOLF SWING
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In the golf swing,thé u p a n d vdnoentiofdhe shoulder socldries not addistance in
the golf swing. Youwcan visualize thidy gripping a golf clutand executing the up and down
movement. The movement does not propel a golf ball forward.

Moving the lead shouldesocket forward toward the front centre of the badg the traihg
shoulder sockebackward away from the front centsa the backswing, and reversing the
movements on the downswing, create a rotation around the spinal column thdtl chstance to
the golf swing.

To understand where the distance comes from, 4

picture the shoulder sockets as two points on the

circumference of a circle, for which the centre is th = .
spinal columnln the illustrationthe yellowdotted ¥ . \\\

line depicts the line between the two shoulder sock
at the start of the swing. The rddshedine depicts B
the position of the shoulder sockets in the backswi
with the lead socket moving forward and the trailin
shoulder moving backward. In the downswing, the [ ]
shoulder sockets would move back to the start ]
position and then go beyond in the followabgh, as AN ¥
depicted by the blusolidline. =
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How important is this rotation? If shoulder sockets are 13 inches apart, and each shoulder socket
can move forward and backward a straight line distance of 3 inches, then the shoulder socket
movement will create eotation of 26.7 degrees.

In addition to the rotational effect, therward movement of the shouldswcketin the backswing

is important because it allows a full@nge of movemerdf the lead upper arm in the shoulder
socket The previouschaptemotedthat thebody and chest can impede tiaage of movemeruf

the upper arm in the shoulder socket. Moving the shoulder socket forward creates more room for
the upper arm to clear the chest and upper bbkiig enables a widerange of movemeror this

arm

For many golfers, the movement of the lead shoulder sémkeardtoward the chest occurs
unconsciously in the backswing while the golfer is moving the Ugaaérarmtoward a full
backswing. Whasome players miss arey the downswinghe rotation othe lead shoulder
socketfrom the forward position to theackwardpositionand the correspondingtation of the
trailing shoulder sockdtom the backward position to the forward positidhisis a missed
opportunity forpoweranddistanceNext time onthe course gst to see whether yauie
achieving rotatiornwith your shoulder sockst

In some golf swings, the lead shoulder socket moves upward toward the neck, rather than
backward, in the downswing. A sign of this movemerat isgh, rather than lovipllow-through
This movement in essence stops the rotation, and causes a loss of distance.
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Watch the practicand balstriking swings of professional golfers, particularly on short iron
shots.The followthrough actionsire very low, andypically look & if theprofessionalsre
purposely focusing on moving the lead shoulder sob&ekward.

The Bottom Line:

1 Move your lead shoulder forward on the backswing and backward on the downswir
your trailing shoulder backward on the backswing and forwarti@dawnswing, to give
extra rotation, power and distance.

1 Concentrate on the downswing rotatiamd make sure that the lead shoulder socket
moves backward and not upward. This movement is a potential power souroartlyat
players do not take full advaiga

Page26




Chapter 7: Twisting and Untwisting the Spine

CHAPTER7: TWISTING AND UNTWISTING THE SPINE

Letdés twist again, |like we did | ast suml

SPINAL ANATOMY

The spinancludes thirtythree vertebrae. A vertabra is a bone structures that include a cylindrical
front part, with two bones sticking out oither side at the back. The bones at the back intertwine
to create a canal to house and protect the spinal Merges leave the spinal cord through small
openings between the bones at the back of the vertebra.

Of the thirtythree vertebrae, nine at thettom are fusednd do not move; howevedwenty-four
at the top are separated by disks, which are like cusHibrese cushions alloeach vertebra to
move slidntly relativeto the vertabra above and below.

Cumulatively, these small movements betweerviddal vertebra allow the spine to bend
forward, bend backward, tilt to the left, tilt to the right, and twist clockwise and ceunter
clockwise.

Muscles contractions cause the movements in the spine. Muscles at the front of the body in the
abdomen and chesontract to pull the top of the spine forward, causing the forwardibehd

spine Muscles at the baakf the spinecontract to cause the top of the spine to end backward
although tle spine does not bend readily in this directibdtuscles at the sidef the body contract

to pull the top of the spine to the left or riglhese movements are relatively straight forward.

The spinal twist is less so.

To get an intuitive feel of thepinal twist,sit on a bench or chair in front of a mirror, rest a club
across your upper back below your shoulders (to ensure you are not moving your shoulder
sockets)hold it in place with your two hands, and gently rotate your shoutdieckwise and
counterclockwise Keep theclub parallel to the ground to ensure thatiare rotating your
shouldersSitting in a chair ensures that your hips are stationary solthatation occursn the
spinebetween the hips and the should@itse clubthat you see in thmirror should be on the
horizontal plane throughout.

Start Position Twist Right Twist Left
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Several miscles groups are involved:

1 One set of muscles &tached to the upper ribs at the one end and various bones in the
lower abdomenTo rotate the lower spine clockwighe contracton of these muscles on
the left sideshortens the distance between theribk and the lower abdomen,
contributing to clockwise rotation.

1 Another set isttached to the lower ribs and finent top of the hipTo rotate the lower
spine clockwisethe contractionof these muscles on the right spldls thelower right
ribstoward the right hip, further contributing to the clockwise rotation.

1 A third set of muscles iattache to the back of the hip and the uppenbar vertebrae
and the last rilat the backTo rotate the lower spine clockwigbe contraction of these
muscleson the right sidshorters the distance between the right rib at the back and the
right hip. This contributes further to the clockwise rotation.

Note that the spinal twist is a relatively simple motion controlled by large muscles in the
abdomen and backith relatively few opportunities for mistake. Unlike movemehtst useball
and socket joints, it is relatively easy to get the spinal twist right.

How much can you twist your spine? The first consideration should be your health; you certainly
do not wanto injure your back by overdoing the spinal twist. However, there is much you can do
to increase your ability tbothtwist your spine and protect spinal health.

In a normal, healthy persarho has warmed up the spinal muschkespinal twist 0ol20 degees
(60 degrees in clockwise asdunterclockwise directionsyhould be attainableithout
assistance. If you use hands and armssastn the twist, you should be able to rotafe 160
degrees in total, or 80 degrees in clockwise @anahterclockwisedirections. For most people,
the primary constraint on spinal twists is muscle weaknes@ftetibility in the spine.

Spinal health is importantuscles pulls occur frequentlyhere are a number of muscles tied to
the spinetheyfunction among othethings to protect the spine. Muscles pulls can be reduced
through proper warm utretchingexerciss, and goodswing techniques.

Disk damage is a major concern. The disks separating the vertebrae can withstand a lot of
pressure. The spinal twist shoyddt equal pressure on all parts of the disk. Bending forward, or
backward, or to either side, would focus pressure on one side to which the bending takes place.
Intuitively, twisting would appear to be healthier than bending. Also intuitively, the cotidrina

of twisting and bending could be problematic, siadeend would puadditional pressure on the

side of a disk that would already be slightly stressed fronwtis¢ing.

SPINAL TWIST AND THE GOLF SWING T PART 1

The Aspinal t wi sitsg iinsd lhdeit fififlsegproennat! ftriolm 6a occur s t hr
of muscles on your side¥he spinal tilt will be the subject &@hapter9. The focus here is the

spinal twist.
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Expert studies of the golf swing have noted that players who hit the balttthesterequently do
so because of gOneway te look atshp golfi saving idwistitogdil the spine
on the backswing, followed by a fdstist in the opposite direction tmcoil the spine on the
downswing

To get a sense of the impdhe spinal twist can have within the golf swing, remain seated in
front of the mirror, grip thelubas you would in a golf swing, hold it out in front of you, ensure
that your shoulderand armsemain stationarytwist the spine, and observe trengeof
movemenin the club head from the spinal twist

We noted above that thumassistedpine can twist about 120 degrees. Of this, 60 degreessoccur
in the backswing and the downswing to the start position. In the modern swing, the spine has
typically roteed perhaps 10 degrees beyond the start position at the point of iffipagtthe

total rotation in the downswing would be aboQtdégreesThis rotation at the centre of your
swing creates considerable movement of the lokdd.

Because the spinal twistcurs with the spinkentforwardatthe hips, the shoulders do not

remain parallel to the ground within the swihgthe backswing, the trailing shoulder will be

higher than the lead shouldegcause the spine is bent forwaihen you look at someorel s e 6 s
swing, or observe videos of your own swing, you need to look closeBetthe spinal twist.

Because the shouldamppear to change elevation during the swing, a common swing problem is
that golfers tilt the spine to get the change in shouldeatt#vduring thewing, rather than

twisting it. As we shall see in Chapt@rthe spinal tilt has a role to play in the golf swing, but if
done at all, it should be done with, not instead of, the spinal twist.

You can work on your spinal twist away frohetgolf courseSimply sit in a chairput a club

across the back of your shoulderstate clockwise and countetockwise, and concentrate on the
contraction of the three major muscles involved. Then, insert this muscle awareness into your golf
swing

Take your backswing and hold your position at the top of the swiog should feel the
contraction of thehree musclegroups f you dondét feel the contractio
may not be turning to your maximum potential. Now take a slow dowgsavid follow through.

Again, feel the muscle groups being used.

As a final note, the spinal twist is a potential source of power in the golf siiedong hitters
are obviously tapping into this source. If you are not a long hitter, ask yourself wyathene
fully using thespinaltwist in your golf swing.

The Bottom Line

1 Become aware of the three musgteupsthat cause the lower spine to twist.

1 Take care of the health of your spine by warming up before twisting the spine, and
working to increase fbability with assisted and unassisted stretching.

1 Sitin front of a mirror, put a club or similar object across the back of your shoulders
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rotate your spine clockwise asdunterclockwise,andmake sure he club remains
horizontal to the groundhis isthe movement you want to use in your swing.

1 Incorporate this movement into your swing.

1 Recognize that when you lean forward from the hips, the spinal twist will appear to
shoulders at different elevations during the swiigu are looking for rotation
perpendicular to a forward leaning spine, not horizontal to the ground.
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CHAPTERS8: MOVING THE OHIPSO

ltés not hip. (ltés ankl es.)

AHIPO ANATOMY

In thischapter A h i ppandarilytcettfe @ip, knee and ankle jointdnatomically, hips, knees
and ankls are separate entities, but in golf, they work as a sysiémthe ultimate goal of
moving (primarily rotatingthe spinakolumnthat sits above it

Think of the hips in terms of a bos&ucture The upper part of this structure provides the base
for the spinal columnThe lower part of the structure provides the ball and socket joint for the
upper leg (femyr

The hip joints are inside the periphery of the bone
structure. That is becautee upper leg (femur) is L
shaped. Thepper leg (femur) has longstraight
verticalcomponent leading to a bdilke structure
called the trochantemhe upper leg then has a \
horizontal componenwith a ball at the end. The ball ' ' Pelvis
fits into a socket within the bone structure

Because the joint between the bone strucuckthe
femur is a ball and socket joirtachfemur can move

in a variety of directions relative to the bone structure
toward the fronttoward theback, away from thbody
centre, toward thbodycentre and a variety of
positions in between. It can alsotate within the hip joint. You can get a sense of this rotation by
sitting in a chair, and turning the knee clockwise and cowhbekwise.

Right Hip Left Hip |
Right Femur  Left Femur

Muscles attach to various points on the femur and the bone struteiecontraction and
relaxation causefiése movemest

The muscles around the hip joint control the tilt of the bone structure relative to the upper leg. For
example, contracting the muscles around the hip joint to bring the upper leg forward effectively
tilts the bone structure forwardrhis in turn tilts the spinal column forward

Apart from the tilting of the bone structurbgetbone structure goes where tiye joints takat. If
thehip joints tilt so that one is higher than the other, the bone strudtsrmo. If the hip joints
move tothe left or right, the bone structure and spinal column fodad moveo the left or
right. If the hip joints rotate, the bone structure and spinal column rotate.
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The base of the spine comes out of the bone structure. It goes where the bone stkastiire ta
Moving the bone structure requires movement of the hip joints. Movement of the hip joints
depends on the workings of joints below it, namely the knee and the ankle joints.

The knee joints a hinge joint between the upper leg (femur) and the twe$im the lower leg
bones (tibiaandfibula). In the absence of gravitwhenmusclesattached to th&ont of the bwer
and uppeteg bonegquadricepstontracttheycau® a bent leg to straighteMVhen nuscles
attached to thback of thdower and upjerleg bonesontracttheycau® a straight leg to bend
behind.

When gravity is involved (for example in bending the knee from a standing position), bending the
knee will come from relaxing the contraction of the quadriceps.

The knee joint does not allatlie two bones in the lower lég rotate relative to the upper lekp
get a sense of this, sit in a chair, straighten the knee out in front, hold your upper leg to
immobilize it, and try turning your lower leg (not your ankle) left or right. You willfimat much
movement.

The ankle is where theot and thetwo bones in the lower leg meet. It includes thoéets that
collectivelyallow the foot to move in a variety of directions. One:can

9 Pullthe foot up toward the shin (dofkxion) using the muscles of the front part of the
lower legsor pushthe footdown away from the head (planflxion) using the muscles
in the back of the leer legs.

1 Rotate the toe relative to the heel either inward (pronation) or outward (supination).

9 Turn the entire sole or the foot either outward away from the centre of the body
(eversion) or inward toward the centre of the body (inversion).

Test all thee movements by sitting in a chair, moving the foot in the aforementioned directions,
and sensing which muscles are involved.

Observe the movement of the toe relative to the heel. If you start with your foot perpendicular to
the ground, you should be aliterotate your foot inward toward the body centre (pronation)
about 10degreesand rotate your foot outwafdupination)about 60 degrees.

AHIPO ANATOMY AND THE GOLF SWING

Thefhipsd are important in the golf swing. One way to get a sense of their imperisito

immobilize them by sitting in a chair, atften to try to hit golf ballsAlternatively, place your

butt against the back of a chair, and hit golf balls while keeping your butt in contact with the
chair. You should be able to feel the importaace t he fAhi pso by noting
they are immobilized during the golf swing.
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There are two ways golfers
can use this bone structure to [ i T 7 7 T 1 1]
create power in the golf swing.

gram provides a top

Right Hip Joint

-} Left Hip Joint
e. The spinal column igi t——--——
in the middle and at

ds of the bone
e.

Spinal Column

1 Rotateit.
1 Move itlaterallytoward the target.

Onmov

T

ing the bone structutateraly toward the targetye make teseobservations:

By the end of the golf swing, the bone structure has moved toward the target and rotated.
Good golfers will invariably finish their swing with the bone strucfaeng the target

and moved forward so the centre of graistgver the leadoot. Much of this movement
occurs after impact, and as such has little relevance.

Moving the bone structure toward the target only makes a difference in the absence of
spinakilting away from the target. Moving the bone structure toward the tergjes
downswingmoves théase of thespine toward the targabut if the spinal column tilts

away from the targethe upper spine, shouldees)darms do not move, and the net
distance effect of the bone structure movement is zero. The head is a goodrirmdicat

the position of the upper spirdany great golfers keep their head behind the ball until
after impact

Even if the headupper spine, shoulderandarms move forward with the lower spine

and bone structure, the distance effect of this lateral meneism smallA lateral

movement of a few inches the downswing of a fraction of second does not translate

into a lot of miles per hour in club speé&hapters 11 and 1&ill illustratethis point

Moving the bone structure toward the target requirels bigt joints to shift from an

initial position toward the target. Since both feet are essentially planted on the ground,
the physical action that will shift the bone structure toward the target is rolling the sole of
the lead foot inward (ankle inversiomyhich moves the lead leg and hip joint outward,

and the sole of the trailing foot outward (ankle eversion), which moves the trailing leg
and hip joint inward.

Moving the bone structure (and spinal column) fodwelnanges the centre of gravity.
Depending a the extentthis changeanput the golfer off balance. The typical response

is to tilt the spine away from the target to maintain the centre of gravity and balance. This
negates thdistanceeffect of the movement.

The knee joint cannot contribute tetmovement. Bending or straightening the knee
changes the elevation of the lemtructure, but does not movedarward
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1 The hip joint cannot contribute to the movement of the bone structure, since the
positioning of the hip joint is determined by evertttha knees and anklddowever,
there may be sontetation of the upper leg in the hip joiiat manage balance and
stability.

On rotating the bone structure, we make these observations:

1 Rotation will amplify the rotation from the spinal twis%/e saw in Gapter7 that the
spinaltwist can provide considerable power in the golf swing, and bone structure rotation
can add to this power.

1 There are two ways totatethe bone structure
1 Pure Rotationand
1 Push andClear (for lack of a better term).

Pure Rotaton

To get a sense ¢fure Rotationstanderectwith spine vertical to the grounith your feet
directly below your hip jointdock your knees, kedmthfeetflat on the floorput your weight
on the instep of each foot (by eversion at both arildesolling both ankles outwajdand then
turn your hips clockwise and counidockwisewnhile keeping your weight on the step of both
feet If you start with your hips in a neutral initial position, you will be ablita about45
degreesn each direction

The 45 degree rotation in both directions occurs even though one can only rotate each foot inward
by about 10 degrees and outward by about 60 degrees. The explanation for the seemingly
contradictory numbers is a combination of the effects of plantdofiexf one ankle and dorsi

flexion of the other, and vice versa, as well as rotation of the upper leg in the hip socket.

A key to the movement is keeping the head and spine in the sameR@eoeming the
movement in front of a mirror allows you to manihow you are doindf you findyour head
and spine haveoved, chances are you aaflowing one or bottankles to roll. Inversion of one
ankle and eversion of the other, taken alone, will move the bone structure laterally

In the golf swing, the hips mmally lead the swing, so that at impact, the hips have moved
beyond the start position. Consequently, the downswing rotation t h s likelly o pesalbout
10 degreesmore than the backswing rotation.

Consider what happens to your weighPimre Rotation when done properly without eversion or
inversion of the ankle¥ our centre of gravity and the location of your weight will generally sit in
the middle of your stance, not toward your heels or toes, or toward one foot or another. You can
check the puty of your rotation by doing #aPure Rotatiormovement on a balance aid such as a
BOSU ball or balance boaadt a mirror

Try this exercise again, but this time, try to discern which muscles cause the hip rotatiba.
exerciseclockwise and countaslockwiseuntil you begin to fatigue the muscles. You will
discover that it is the musclasound your ankles that are causing the rotation
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Let us look more closely at what is happenin@ime RotationThe hip joints rotate in a circle
around a centre jput between thenilhis point is close to the base of the spiferotate in a golf

swing that starts at the neutral address position, the lead hip joint would move toward the ball and

away from the target on the backswing, while the trailing hip jointdvowve toward the target

and away from the ball on the backswing. In the downswing, the hip joints would return to the

neutral start position, after which the lead hip feiould move away from the ball and target,
while the trailing hip joint would movtoward the ball and targethe table below summarizes
how ankle and knee joint movements in one leg will move the related hip joint.

Ankle and Knee Joint Movement

Related Hip Joint Movementin the Golf Swing

Moving the foot up toward to the shiddfsi
flexion of the anklg

Moves the hip joint toward the ball.

Moving the foot down away from the head
(plantarflexion of the ankle)

Moves the hip joint away from the ball

Rotating the toe relative to the heel inward
toward the centre of the body (pronatimfrthe
ankle)

Rotates the leg in the hip joimward

Rotating the toe relative to the heel outvaway
from the centre of the body (supination of the
ankle)

Rotates the leg in the hip joiatitward

Turning the entire sole of the foot inward towatr|
the centre of the body (inversion of the ankle)

Moves the hip joint laterally away from the outside (¢
the foot

Turning the entire sole of the foot outward awa
from the centre of the body (eversion of the
ankle)

Moves the hip joint laterally toward thetside of the
foot

Increasing the bend oheleg at the knee
(without changing the angle between the foot ¢
the lower leqg)

Moves the hip joint awafrom the ballanddecreases
the elevation of the hip joint.

Decreasing the bend of the leg at the knee
(without chan@ng the angle between the foot ar|
the lower leg)

Moves the hip jointowardthe ballandincreases the
elevation of the hip joint.
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Here is how the musclagork through the three phasestbé golf swingin Pure Rotation

Golf Swing Pha® Lead Leg Trailing Leg

Start Position to Top of Dorsiflexion and pronationof Plantarflexion andsupinationof

Backswing the ankle, causing the lead hip t{ the ankle, causing the trailing hij
move toward the ball and away | to move awayrom the ball and
from the target. toward the target

Top of Backswing Back to Start | Plantarflexion andsupinationof | Dorsiflexion andpronationof the
Position the ankle to the neutral position,| ankleto the neutral positign
causing the lead hip to move causing the trailing hip to move
away from the ball and toward | toward the ball and away from
the target the target

Start Position to Impact Plantarflexion andsupinationof | Dorsiflexion andpronation

the ankle, causing the lead hip t{ causing the lead hip to move
move away from the ball and toward the ball and toward the
away from the target. target.

For knees to contributeure Rotationthe lead knee would need to straighten from the start
position to the top of the backswing to move the leaddripardtoward theball, and bend from
impact to the finish to move the lead hip away from the ball. The trailing knee would need to
bend in the backswing to move the trailing hip away from the ball, and straighten from impact to
thefinish to move the lead hip toward thell.

Although use of the knees in this way is a theoagpossibility, they are not part ah effective

golf swing for several reasons. First, successful golfers do not swing this way. Ihtfest,

change théendin their knees at althey do eactly the opposite. Secoykhee bendings

another movement areyerymovement carries the risk of errdihird, the combination

increasing and decreasing the bend in the knees throughout the swing will lead totdifferen
elevations in the bone structuesd will ultimately cause thgineangleto changeFourth to get

a Pure Rotationthere needs to be a balance between the amount of movement toward and away
from the ball, and toward and away from the target. One can get adequate balamage with
changimg the bend in the knees, with the result that knee bends can desthbikaving.

The diagram illustrateBure RotationThe balls at the end of
the lines indicate the hip joint positions. The grdetiedline
denotes the start position. The blattktedline shows the

rotation for a righthanded golfer on the backswing. The red |}k
line indicates the hip joirgosition at impact (i.e. slightly .
beyond the start positiprBoth hip joints are moving around [ bk
the circumference of a circle (more or less).

The hp joints aretypically about 32 inches from the ankle ~ [=i¥ %
(ground). A change of a few degrees in the angle between the -
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ankle and leg will end up moving one hip joint several inches. The two hip joints are about 7
inches apart. Moving both the lead and trailimp joints a few inches around a circle when they
are relatively close can translate into considerable rotatitme base of the spine.

If you want to experiment witRure Rotationhere are some ideas:

)l

Stand vertically rather than leaning forwardthe extent possible. Leaning forward
complicatePure Rotationas we shall see in the next chapter.

Maximum rotation occurs when the legs are vertical, so the feet should be giitectly

under the balls at the top of the femur.

Your weight shift shouldbe minimal, since the centre of gravitiyouldnot chang. If

your centre of gravity is changing, chances are you are rolling your ankles (eversion and
inversion).

Check out your ability to rotate without changing the centre of gravity by using balance
aids such as a BOSU ballalance board or mirror

Do not cange the bend in youkneein the backswing and downswiingPure Rotdion.

The leadeg may straighten in the follow through, but should not straighten before
impact. Straightening the lead leg dgntracting the quadrices the downswing prior

to impactpulls the lead hip joint toward the ball and dampens the rotation.

Tiger Woods has suggested that to get poweunskd toslam his lead knee back away

from the ball. While it is hard to argue Wisuccess, the movement occurring before
impact is counterproductive, and at worst, could cause hyperextension injuries in the knee
joint.

The key to power is the ankles. The muscles at the back in the lead ankle need to contract
to point the toe awafyom the body i.e. plantdtexion (and the lower leg and hip away

from the ball)). Bubba Watson executes this move with such force that he sometimes
appears to gsh himself off the ground.

A bulging calf muscle in the lead leg is an indicator of the pldiggion that is moving

the toe away from the head. Video your calf

Push and Clear

Push andClear works Thefi p u s h dgnermtno v e
lengthens the trailing leg during the downswimpe

ipus ho c pontng theftogandstraightening
t he
hip joint out of the way.

The diagranillustrates what happens with the trailing |33 i i g T
l eg
front viewat the top of the backswirfgr aright-hand
player Thediamond at théottom of the line depicts
the foot, while the ball at the top depicts the trailing h JEAE AN 0
joint. The line is in fact the line from the foot t0 the Rif-iiii it oo doersino oo
joint. Because the femur hasight angle bend at the |17 bbb i

l eg at the knee. Th¢ii. L

dur i ng soldélack lipaudspictshe
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top, the linedoes not depict the actual leg. Note that the line is slanted, because in normal
circumstances the foot would be placed at shoulder width and the hip joint would lie inside the
shoulder widthThe dashed red linhows what happens at impact to the linemvthe trailing

leg is lengthened and the hip joint elevation remains constant. The trailing hip joint moves in the
direction of the target.

You can figure out how much you can lengthen your leg by standing next to a wall, with knees
bent as in a normaksup. Measure the elevation of the hip joint on the wall. As we shall see, this
is the effective length of your leg at set up and at the top of the backswing, because we suggest
the leg should not move in the backswing. Now, straighten the bend in #naktatand on your

toe. Measure the elevation of the hip joint on the wall. Compare the two meagssreo

determine how much you lengthened your leg.

To get an accurate determination of the movement of the hip joint in the downswing, you would
have toapply some geometry to account for the angles involved, and you would have to take into
account how much leg lengthening occurs up to imJdet.geometrys addressed ifChapter 10

and 11 Regardless of the specific measurements, our purpose hereasvtavisbre the power

comes into the golf swing

As indicated above, lengthening the trailing leg involves straightening the bend at thusikigee

the quadriceps combi ned wi th moving t heflexioje away from o
Lengthening the leg by i is not sufficient to create power in the swing. The leg lengthening

has to be in the direction of the targgtis requires:

1 Turning the trailing ankle outward (eversiomurningthe ankle outward with the foot
planted on the groungbints the trailig knee inward antbward the target.
1 Ensuring a position at the top of the backswing that will allow the push forward. This
position is best achieved by ensuring thattthi&ing hip joint, andheknee and ankle
joints below it do not move in the backsmg. If one allows them to move laterally away
from the target, or to rotate away from the
initial part of the downswingnust focus on getting the trailibggi n posi ti on t o fAp.!

The diagram illustratethe bp down view of théush
and Cleardownswing.The balls at the end of the lines g iiiteddododnd
indicate the hip joint positions. Thwtted horizontal — [rieiedfiedodfiind
green line denotes the start position. The black line
shows the rotation for a righianded golfeat the top of |5 i i i i 8w
the ba&swing Thesolidred line indicates the hip joint [{: gt i
position at impact (i.e. sliglytbeyond the start position [i-~i-gé-z-*

of the downswing

Note thatthe bIaCk ba” |S on top Of, and Covering, Wha R RS R R U U JUN- N OO S RS- OO O R T
would be the green ball, illustrating the point that the
trailing hipjoint has not moved from the original position during the backswingddition, the
lead hip has moved toward the ball and away the tahg@tnpact, the red ball denoting the
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trailing hip has moved directly toward the target, whilelead hip has mad away from the ball
and slightly toward the target, all relative to the start position.

ThePushandClead o wnswi ng involves a fipusho off the tra
|l eading I eg. The fAcl ear dtallows adhei Mmpasthadant caproide
rotation of t he b movemed inthaleating tegtize samk movdmerit thea r 0

occurs withPure Rotation

The bone structure and base of the spine move laterally toward the target and away from the ball.
Theamount of movement is small.

If you want to experiment with thieush and Cleamovement, here are some ideas. Keep in mind
that leaning forward at the hip joints affects Bhesh and Clearso you get the best sense of the
Push and Cleamovement by standg vertically to the extent possible.

More knee bend at set up and at the top of the backswing transtatgesater lengthening of the

trailing leg on the downswing, and ultimately more power. Conversely, relatively straight legs

defeat the purpose die¢Push and Clearlf one starts with relatively bent legs, the bend in the
trailing leg disappeaii n t he fipushd movement, but the bend ir
mai ntained in the fcl e &traghtemiogwbantdedegontmt i | aft er i
downswing has the effect of moving the lead hip joint toward the ball, wieictralizes the

rotation

The direction of the Apusho during the downswi ng
the trailing leg inward) during the downswing playlseg role in determining the direction thfe
Apusho. A Apushodo toward the target commits ener ¢

An essential element of thush and Cleais that the trailing hip joint does not moirethe
backswing To clarify, the hip joinis inside the perimeter of the bone structitrehouldnot

move. Howeverthe outside points of the bone structure wathte since the bone structure itself
is rotating When you look at videos of yourself or others, or watch other players, or lpolrat
swing in a mirror, look at the upper trailing leg, not at the belt position of the side of the trailing
hip. A stationary trailing hip joint is indicated by a stationary upper leg.

The belt position on the side of the trailing leg should move, bedhasone structure is rotating
around the stationary trailing hip joint. As we saw in the section on hip anatomy, the upper leg
can rotate to some degree within ball and socket joint in the hip.

ThePush and Cleafeels like a powerful move, because leg extension uses the quadriceps to
straighten the leg at the knee, and the ankle muscles. These are among the strongest muscles in
the body.

There is a theory i n gteetrdlingtleh iathebackswing §.é. shiitl d @Al oadc
o n e 6 s ttomkeibackfootlandthen push forward in a power mowe the downswinglt does

not make sense to move oneb6s weight backward in
position and beyond in the downswing. There is extra, unproductive moventleistswing. It

makes more sense to start with oneds weight on t
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Apusho. This should wor k, provided apgosgtion niti al [
t o A pus h de tbpplayera tefthot to wing this way. Most start the swing at address
with their weight relatively evenly distributed betwdead and trailindeet

Proper foot position at address can facilitateRbsh and ClearThe trailing foot should be at

least perpendiculapthe line of flight at address, @msure the trailing leg is in a position to

Apusho. A trailing foot with the toe pointed sli
the downswing. It can also help keep the trailing hip joint stationarpgltiie backswing, since

it restricts the abilityts ability tomove A lead foot perpendicular to the line of flight can
facilitate t he flaxohd thefaot (i.e.srove the toesawgy franrthie head) can

i mpl ement t h eram lzelow iBustrates thé positiod i a g

j| The ball

A

Right foot not like this

Left foot not
like this

Suggested lead foot Suggested trailing foot

Pure RotationVersusPush andClear

As a reminder of the technical differences betwieere RotatiorandPush and Clearthe

previous diagrams are repeated beldte balls indicate the hipints. The green structure
indicates the start position, the black the position at the top of the backswing, and the red the
impact position.

Pure Rotation Push and Clear
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Which to pursueThe gory is not finished. Chapter 9 deals with the spinal tilt, which is
intimately related to how one uses the hips and lower body. Chapters3@eal With the
physics of golf, and they too have something to say on the qudstiarever, the conclusion is
that you should try both approaches, and see which works best for you.

Your assessment should take into account the potential distance effect (from the physics of golf),
spinal health (related to the spinal tilt), your ability to achieve the potergtahde consistently,
and your ability to hit the ball online.

TheBottom Line

T Recognize that your #Ahipso are not a
where your ankleand kneesell them.

T I'f you ar e goi,thgntHhink indrnmsiofrmoving the hip jointp s 0

1 Understand that there are two ways to move the hip jdtore RotationandPush and
Clear.

1 To executéPure Rotation

0 Use both ankles to rotatee bone structure

Stand vertically rather than leaning forward, to the expessible

Place the feet directly under the balls at the top of the feimunaximize rotation

Minimize weight shift; keep the centre of gravity around the middle of your stance.

Use balance tools such as a BOSU ball or balance boandrorto helpyou to keep the

centre of gravity around the middle of the stance.

Avoid inversion ancversion of the ankles, as thahift the centre of gravity.

Keep your knees, whether straight or bent, out of the movement

0 Recognize that the power comes from the eslthrough a combination of backswing
and downswing plantar flexion, dorsi flexisypination angbronation

M1 To executéPush andClear:

0 OPushbthe trailing siden the downswing by straightening a bent knee and
pointing the toen the correct directiarin effect, this elongates the trailing leg
and moves the hip joint above it forward and around.

0 Getthecorrect directionn the downswindpy turning the trailing ankle outward
thereby turning the trailing knee inward toward the target.

o Place the trailig foot at least perpendicular to the target lovggerhaps pointing
modestly toward the target.

0 Get positioned for thépushd in the backswing by not moving the trailing leg
and hip joint

o fCleamthe lead side in the downswing by pointing the lead fitlgowt changing
the bend in the knee, effectively moving the hip joint away from the ball

o Place the | ead foot perpendicul ar
movement.

O O 0O

O O
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CHAPTER9: FORWARD LEAN AND SPINAL TILT

Understanding the Stack and Tilt

SPINAL TILT AND THE FORWARD LEAN

The hip joints rotate under tlure Rotatioror Push and Cleascenarios. Furthermore, when

they rotate, the two joints generally stay at the same level, so they remain parallel to the ground,
and the axis of rotation iseppendicular to the ground.

While the two hip joints may be on the same level and generally parallel to the ground, the spinal
column is tilted forward. This occurs becatise knees are typically bent. Thriscles around

the hip joints contract to inclinflerward the bone structure in which the hip joints sihémhe

bone structurés inclined forward, the spinal column is also inclined forward.

The angle between the upper leg and the bone structure, when seen from the side view, is 180
degreesvhen onestands verticallyWhen one goes from standing vertically, and then starts to

bend the knees, the body typically reacts at the ankles by reducing the angle between the ground
and the lower leg, and at the hips by tilting the spine forward at the hipgarmsing the angle
between the upper leg and the bone structure/spine from 180 degrees. These movements maintain
the centre of gravity over the feet and ultimately keep the body from falling forward or backward.

In the golf swing at setup, the bone
strudureand the spinal column
which comes out of the bone
structure, ardilted forward a few
degreesas shown in the picture.

Bending forward at the hips
(compared to standing vertically) hag
a number of effects

Hips
Tilted

Forward

1  Without any corresponding
compensation, wvill lead to
a rotation of the midpoint of
the shouldersluring the
swing This rotation will
cause the head to move awa
from the ball and target on
the backswing, back to the start position at impact, and toward the target and away from
the ball at impaic

T The gol fer 6s ca&so movethraughougtheswingt Itywill @oiay ffom
the ball and target on the backswing (i.e. weight toward the heel of the trailing foot), back
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to the start position at impact, and toward the target and awaytmbrall on the
following through (i.e. weight toward the heel of the lead foot).

The picture illustrates the rotation

that occurs around the shoulders Rotation
when the bone structure and hips at
lean forward Of particular . 4l Shoulders

interest is the amount of
movement at theentre of the
shoulders and the heakhe
amount of rotation at the top of
the spine will be directly related Hips

to the amount of rotation of the Tilted
hips. If the hips rotate in the Forward
downswing through 45 degrees,
the downswing rotation at the top
of the spine willbe 45 degrees. If
they rotate through 22 degrees,
the downswing rotation will be 22
degrees.

You can get a sense of this
movement by sitting in a chair, bending forward so that the spine is about 20 degrees from the
vertical, and swiveling on your buttait 45 degrees in each direction from your initial position.
Note how much the centre point between the shoulders and your head will move as your swivel
The centre point between your shoulders and your head will be rotating in a circle whose
diameter willbe determined by the distance from the centre point between the hip joints and the
centre point between the shoulders, and the degree of forward filt.

The gol f s wiallthgi®nsovemenacavary. dhe sirhptest physical response is the

ido innogtoh approach, so the shoul de-rawagfeomthe e and he
ball and target on the backswing, and toward the ball and target on the downswing. A more

complex response is talllify the movemenby lateral side bends of the up@pine. As the

rotation of the inclined spine moves the shoulder centre away from the target on the backswing,

the upper spine tilts toward the target. Let us explain the spinal tilt further.

THE SPINAL TILT: SPINAL ANATOMY AND THE GOLF SWING T PART 2

The o0spinal tiltodo is the bending of the spine sict
flexion of the spineThe muscles at the side of the body contract, causing the upper spine to bend

left or right, when seen from the front, relative te tbwer spine.

If you lay a golf club across your shoulders, a lateral side bend will move the club from the
horizontal plane tsomedegrees off the horizontal plane when seen from the front. The spinal tilt
contrasts with the spinal twist, where thelchtays on the horizontal plane.
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Start Position Spinal Tilt: Club is off Horizontal Plane

I n the golf swing, the fAspinal tilt &kswirgf er s t o ¢
and away from the target on the downswing. Since the head sits at the top of the spine, side

bending causes the head to also move toward the target on the backswing and away from the

target on the downswing.

The spinal tilt is a power source, ateemild one, in the golf swing.

One can get a sense of lateral side bending as a power source by taking a five iron, putting a ball

on a tee (to ensure a clean hit), coswingacting tl
and thercontracting thenuscles ortrailing side on the downswing, all while immobilizing all

other muscles. The lateral side bending will create a rocking motion that will propel the club

away from the target on the backswing and then forward toward the darged downswing

causing the ball tgoforward.

You may find a bit of a challenge in hitting balls only using the spinal tilt. If you do, step away
from the ball, do a number of spinal tilts to get the feel of usimgthe spinal tilt muscles, then

retry hitting the bl. You may be able to get 10 to 20 yards distance, which would amount to one
club less on iron shots.

The stick diagrams below illustrate how side bending can move the shoulders around a circle
centred at the base of the spine. Because the arms andhifexi#nd substantially beyond the

base of the spine, the shoulder movement translates into a power source capable of moving the
ball forward. The curved line represents the spine, bendjhgin the front view in the

backswing (righthander) in the leftiagram,andthen bendingdeft in the downswing in the right
diagram. The equal length sides of the triangle depict the arms and the top depicts the shoulders.
The line at the end of the triangle depicts the club. The black circle is the ball. The lzovesv s

the direction of the hit. The red ball indicates the centre around which the shoulders are rotating
namely he base of the spine.
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In Chapter 1, we shall see that this power source is reasall.

The spinal tilt is a golf movement highlighted by Plummer and Bennett when they introduced the
istack and tilto golf swing. However, a number
tilt/lateral side bending in their swingslost do sainconsciouly. When you watch good players

swing, the head and the centre of the shoulders typically stay relatively motienmgsshough

their bodies lean forward at setapd they rotate their hip$his occurs because lateral side

bending is taking place to coteract tle effect of hip rotation in combination with the forward

lean

Keeping the head relatively still during the swing makes maximum use of vision as a controlling
element in the golf swing. If you think vision is not relevant, try hitting balls yatir eyes

closed. Because of the importance of vision, most good players keep their heads (and eyes)
relatively still during the swing.

Look at swing videos of the top players. Draw a line from the head to the centre of the stance, and
then watch what hagns to the belt buckle. These days, the belt buckle stays on the line or moves
only slightly away from the target in the backswing, but moves forward while the head remains
fixed over the ball in the downswing. To a large extent, the only way to achisy#itionng is

to tilt the spine through lateral side bends.

You may also be able to feel lateral side bends in your golf swing. To do this, swing slowly, and
see if you can feel the muscles around your ribs on your lead side contracting during the
baclswing, and the muscles around the ribs on your trailing side contracting during the
downswing. As a further experiment, try to keep your head in the same place over the ball in your
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backswing, and see if you can feel contractions on the muscles on yeutegpside. On the
downswing, try to keep your head motionless and see if you can feel yourself automatically
contracting thenuscles on your trailing side.

Is the spinal tilt healthy? Maybe not. In most cases, tilting the spine will occur simultaneously
with twisting the spine. As discussed under Spinal Anatomy, one would think intuitively that this
could put undue pressure on disks, particularly when the movement is performed quickly. Some
spinal tilting is likely to be okay for most people, but an gesgted sipal tilt could be

problematic, particularly when carried out without adequate wagrnin cold weather, or with
countless repetitions.

The spinal twist involves primarily the | ower di
primarilytheuper di scs in onedés back, the health risks
spinal tilting engages the lower discs as the same time that spinal twisting engages these same

discs.

HiP JOINT MOVEMENT, THE FORWARD LEAN, AND THE SPINAL TILT
Spinal tilting and hip joint movement must be considered together, since they function
interdependently. They combine to produaerfoptiongor the golf swing

Pure Rotatiorwithout Spinal Tilt
Pure Rotatiorwith Spinal Tilt
Push and Cleawithout Spinal Tilt.
Pushand Clearwith Spinal Tilt.

= =4 A A

These options will be explored more fully when we look at the physics of the movements in the
golf swing.At this point, the spinal tilt is presented as an option for your consideration.

The Bottom Line

f The rotat ioonboonfe tshte ufichtiuopr e, i n combin
at setup, will cause the shoulders and head to rotate in a circle, in the absence of s
tilting.

1 This rotation affects the head position, the ability of the eyes to control the swadntipea
centre of gravity throughout the swing.

1 The spinal tilt neutralizes this movement, keeping the head and shoulders relatively
centred in the same place throughout the swing.

T I'n muscle terms, the spinal tilt is
1 The spinal tilt is a power source, albeit a relatively small one.
I Thespinalit can be har.mful to oneds spine
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CHAPTER10: SOME ELEMENTARY PHYSICS

ltds el ementary (my dear Watson)

CLUB HEAD SPEED ANDSHOT DISTANCE
This should not come as a surpri€éub speed is related directly ttoe distanceof a golf shot
The faster the clumoves the farther the ball will go.

The graph below relates distance to club head speed. The table shows a direct relationship
between club speed and distance. For evemlé.per hour increase in club speed, total distance
increases by about 2.57 yards. Keep this in mind as a point of reference.

Club Speed and Distanc

400
350

300 //
250 —
200 %

150

100
50

Distance (yards)

60 70 80 90 100 110 120 130 140
Club Speed (miles per hour

Total Carry

Source: Jaacob Bowden, Carry Distance versus Swing Speed Chart, (www.GolfWRX.com)

DISTANCE TRAVELLED BY THE CLUB HEAD
There aréwo elements talub headspeed: distance travelled and time. Speed is the distance
travelled divided by the time taken to travel the distance

We are all familiar with straight line distance. We meastnaght Ine distancavith familiar
measuring degies such as our feet, our paces, rulers, yard sticks, tape measures, and range
finders.

Distance around a circle can also be measusetd) measuring devices, but it is usually easier to
calculate this distanc&o do so, we need to know the circumfereoicéhe circle, and the portion
of the circle traversed.
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1 The circumference of the circle in turn can be calculated from the radius, using the
formula where the circumference is 2 times the radius of the circle (straight line distance
from the centre of cife to the circumference) times the constar(approximately
3.1416).

1 The portion of the circle traversed can be calculated from the degrees of rotation in the
downswing, divided by number of degrees in the circle (360).

Almost allmovements irthe golf swing, taken individually, caugée club heado move around
the circumference of a circle

Determining the radius of the circle traversed by the club head through particular movements
(taken in isolation) is more complicated, and involves two notiondeaiadius, and distance

from the circle centre to the ball. In some cases, the circle radius is the distance from the circle
centre to the ball. In other cases, it is different.

To illustrate the difference, picture a stick hanging down from a shaftahabotate vertically to

the groundlf the shaft rotates very slowly, the stick appears to not move but continues to hang
vertically to the ground. The distance from the circle centre to the tip of the stick hanging from
the shatft is the length of theckj but the radius of the circle traced out by the hanging end is
zero.

If the shaft rotates sufficiently quickly, the stick will move in a circle perpendicular to the shaft
and horizontal to the ground. The radius of the circle traced out by the looskteadstick will
be the length of the stick, which is also the distance from the circle centre to the circumference.

One can imagine the situation where the shaft rotates atthabtzausethe loose end of the
stickto trace a circle with a radius gater than zero but not the full length of the stdtie

distance from the circle centre to the circumference of the circle traced by the loose end of the
stick is the length of the stick, but the radius of the circle being traced is less than thefiémgth
stick.

The picture below depicts what is happening. As the angle between the axis of the shaft and the
stick increases from 90 degrees to 180 degrees, the circle being trabgdailoose end gets
smaller. Note the difference in size betweendinge with the dotted line compared wittetbne

with the solid line. In both cases, the distance from the circle centre to the circumference is the
same.

Call outs in the picture emphasize key concepts to be applied to the movements in the golf swing:
the rotation centre; the axis of rotation; the distance from the rotation centre to the circle
circumference traced out by the golf club and including the golf ball, and the angle between the
axis of rotation and the line from the rotation centre to thelgdl at the circumference of the

circle.
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4] Axis of

Rotation
Centre

Angle Between
Swing Plane and
Axis of Rotation

Effective Qub
Path

Swing Plane: Line i
from Shoulder to

The picture shogthat the distance to the circéenence from the centre of rotation is not always
the radius of thelub head pathircle. The critical issue is the angle between the axis of rotation
and the line from the centre of the circle to the circumference.

The sine of this angle is used to cédte the radius of the

club head path/circle when the angle is from 90 to 180. Th Angle Sine of the Angle

table provides the sine of various angles between 90 and ] 90 1.000
degrees. Note how the sine of the angle starts to drop quiq 100 0.985
after 130 degrees. 110 0.940
When the angle is 90 degre#i® radius of the circle traced 120 0.866
out by the club is the distance to the circumference from th 130 0.766
centre of rotation. When the angle is 130 degrees, the radi 140 0.643

of the circle traced by the club head is the distance from t

) . . ; 150 0.500
circumference of the circlieom therotation centre times
160 0.342
.766.
170 0.174
CALCULATING DISTANCE TRAVELLED 180 0.000

A key aspect of physics is measurement, and here are sorre
basics we will apply for the golf swing in total and individual movements:

1 Lengths of arms, legs, spine and distance between body pdrtassioulders and hip
joints. A tape measure works fine.

1 Angles such as between the club and lower arms, the upper and lower legs, the spine
relative to the vertical, etc. Pictures of the golfer and a protractor are excellent tools.
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1 Amounts of rotation ttough the various movements such as cocking and uncocking the
wrists. A protractor and mirror are useful tools.

1 Trigonometry can assist in calculating distances which are difficult to measure directly.
For example, if one knows three of six elements (lengt angles) of a triangle,
trigonometry can calculate the remaining lengths or anglere are triangle calculators
on the internet.

MEASURING TIME

Measuring the time required for the golf swing and its components is essential for calculating

club headspeed. Accurate measurements require sophisticated equipment, but a simple technique
can help.

High speed video cameras typically take pictureatas defined in terms ffames per second.
Counts of the number of pictures in the downswing will let getermine the seconds required
for the downswing

An analysis of all the frames during the downswing can generate a great deal of time related
information, including duration of the downswing, the duration of particular movements within
the downswing, thaumber of degrees of rotation of the club during the frame and the
relationship between degrees of club rotation and time in the downswing.

The table below illustrates the results of a detailed analysis of the golf swing pictones
typical high definiion camera. The results have been incorporated into the golf swing.model
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Frame Club Angle (Horizontal = Degrees of | Observations
Number 180 Degrees)at End of Rotation
Frame)
0 180 Start of downswing club is parallel to
ground
1 178 2 Hips have sartedto rotate
2 175 3
3 169 6
4 162 7
5 154 8 Spinehasstaredto untwisti the angle

between the shoulders and the Hips
begun to decrease

6 142 12 Upper armdavestaredto move in
shoulder sockefs trailing elbowhasmoved
closer to théody

Shoulder socketsavestaredto movei
lead shoulder sock&iasmoved away from

chin

7 115 27

8 85 30 Forearmshavebegunto roll and wrists
begin to uncock

9 50 35

10 -10 60

11 -90 80 Impacti Club has reachegerpendicular to

ground

Obsevations from the table include:

1 The downswing has taken 11 frames and the camera takes 27 frames per second, so the
elapsed time is (11/27 £)407seconds.

1 The club begins the downswing horizontal to the ground, and ends ventaral aR2
dimensional perspective, it has rotated 270 degrees.

1 The number of degrees of rotation increases throughout the downswing.

1 Not all movements start at once. The hips start rotating first, followed by the spine, the
arms and shoulder sockets, andhttiee forearms and wrists.
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1 The rapid increase in degrees of rotation occurs because different movements are kicking
into action during the downswing, but may also occur because each movement imparts
some acceleration to the club head during the course ehbvement.

AVERAGE SPEED ANDIMPACT SPEED
In all movements, we will be calculating the distance travelled through the movement divided by
the time required for it. The result is the average speed during the movement.

More relevant than the average spe®dhe movement is the speed at the moment of impact.

We are not in a position to provide a definitredationshipbetween average speed and impact
speedHowever, here are some ideas:

1 From the previous section, it is clear that the club head speetising the golf
downswing However, the previous section provides one explanation, namely that the
acceleration during the downswing occurs because the various movements kick in a
different times.

1 One would expect th&ach movement ian efficientgolf swing, taken in isolation,
would see an increase in speed (acceleration) during the downsitnthe maximum
speed occurring at impa@&pecifically, br each movement in tltownswingtaken in
isolation the club head will begin with a speed of zatthe start of the movemerthen
accelerate throughout the downswing (i.e. increase its speed), leading to a peak speed at
impact. After impact, the club will decelerate (i.e. decrease its speed) and end up at speed
zero at theend of the movementhe grap below shows this process, and illustrates that
with such a pattern, the speed at impact will be greater than the average speed. The blue
curve illustrates the relationship between distance travelled by the club head and time
during the downswing. At th&tart of the downswing, there is relatively little distance
travelled per unit time. However, as time passes, the club head travels larger distances
and the slope of the curve gets steeper. At impact, the distance travelled per unit time is at
its maximum.and the slope of the curve is its steepest. After impact, the club head slows
down,with less distance travelled per unit time. At the end of the swhiege is no
further movement. The red dotted line illustrates the slope of the curve at its steepest
point, namely the point of impact. The red dashed line passes through the start position
(time and distance travelled = 0) and the impact point. Its slope illustrates the average
club speed during the downswing. The dotted line is stakaethe dasheddie. Impact
speed is greater than averapeed.
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1 One reason for acceleration in the downswing is inertia. An object (the club) will stay at
rest unless a force is applied. Initially, the force works to overcome inertia. However, in
the golf swing, the cluis relatively lighf some muscles are much stronger (legs and
ankles) than others (wrists), and some movements occur in shorter time periods
(uncocking wrists) than others (hip rotation).

1 Attention must be paid to how muscles work. They wtbrkugh sigals to contract from
the brain tdiberswithin muscles. The messages probably arrive relatively
simultaneously. In other words, muscle contraction is more akin to an instantaneous
process leading to rapidatrsition to full speed, rather thaequenced,rgdually
accelerating process.

I That saidthebrain probably takeinto consideration the risk of injury when rapid
acceleration occurs at the end of a range ofemeent This could lead to slow rates of
contraction at the extreme end of thege of meenent, followed by fast rates whé¢he
injury risks are lower

1 In addition, nuscles do not generalbpntractat the end of their range of mementin
day to day livingAs a consequence, they may not be as strong or conditioned to contract
rapidly

Each moement will likely see acceleration during the downswiergause of the need to
overcomdnertia, muscle weakness at the end of range eemenflack of muscleconditioning
at the end of the range of mement and the sequencing of contraction instruditrom the
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