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" motion and film transport speeds of 24, 30"and 50 frames per. second

. \.‘\

O URBSTRACT- i

The purpose of‘the 1nvestigation was to collect descriptive )

iikfjand kinematdc information agout the Olympic weightlifting evknt known
"fgas the clean and jerk as performed by provincial and national calibre
4bhiyathletes using the double knee bend style of pulling and a squat clean

S Using one camera p051tibned at right angles to the plane of

.Ji‘ respectively\ two prov1nc:al championships and one national championship '

were . filmed in order to obtain a record of nov1ce and international

. calibre athletes TWo cameras positioned at right ang]es to each other L
- were used\to film the clean and Jerk at a filmltransport speed of 100 “
' <iframes per. second from anterior and lateral p01nts of v1ew in a laboratory
”ﬁvtest session. TWo athletes f 1nternational ‘calibre and expert 1n “the f_‘f
?performance of the double\kne bend style of lifting were used Data '

collected from\the films was compared to the | literature in order to

.‘fpfdeCe a. description of the double knee bend: style of lifting

d

A simple nodel was constructed from information contained in

the literature ‘and. was, tested for 1ts ability to describe the pull phase

 of 'the clean and the thrust phase of- the Jerk A Simplified Version of the

nndel was also tested and both utilized anqular displacement time functions

- for the limbs

A
o

The most unexpected finding of the study was the variability

‘found in both ‘the information given in the literature and the performancesl

'%*of high calibre athletes in competitron The Jerk in particular, exhibited

" a lack of consistency from both ‘an tntra and inter mdividual point of
| View In contrast _the performances of the two subjects used in the ‘

laboratory test session Were’found to be highly consistant, Bar velocities
were at the lower end.of the range characteristic of worqd class performances
and the power genérated by the subJects to complete the second pull and
thrust phases agreed with values found in the literature.i-*" e i
R Lo R S o S
‘ B fvo ‘ \ .
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The<doubie knee bend technique of‘Tifting was found to

: ;_exhibit three characteristic phases to the puTTinq movement and’ these
'“7;manifested themselves in: distinct mOVement patterns at’ ‘the ankle’,. /
'-jknee and hip 301nt$ Data taken from the fi]m records confirmed thei

;fp'uniqueness of the three phases The pu]iing movement ‘Was aiso described

"iin term of ang]es at the said JOTntS , RS

" a means of mihimiZing

. . . Y !

|

) .
! v
\ K

The 51mp1ified model predicted bar ve]ocities which were’

. 7;consistent with actuai neasured values The mode] also predicted the
"'f{premature cessation of knee extension during the first pull.and this’
"'1was Tater confirmed from the ﬁilm record It was found that the mode]

B

ﬁffiand that manipulatjon of the mode] could provide in51ghts into the
‘”~mechanisms involved 1n Tiftinq S

<

‘ t;ufl It was conc]uded that the double knee bend technique offers o
tress, pTaced upan the Tumbosacral 301nt and that

T-fit was a. ‘means by which th body segments cou]d be manipuiated in order .
CLtor pbtain maximum utiTity oub. of the energy expended in 1ifting. It was
_A\;further concluded that fu]lﬂex ension at _the Joints probably hinders
\* f;performance as’ does execution f the so ‘called top pu11 ' Fuither
- research is required in:order to determine the means by which world ,
rf;class weight Tifters achieve high ve]ocities of descent7under the bar

N

Cinematography was found ‘to be ‘an 1ndispen51b1e tool for
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._Justification“*"

s

: JI_NTRODU,CTI_ON s -
Purpose * | .

f;;;“‘ The purpose of this study was to co]lect descr1pt1ve and
k1nemat1c informat1on about the O]ymp1c~we1ght]1ft1ng event,known as
the c]ean and Jerk as performed by prov1nc1a] -and nat1ona1 ca]vbre
ath]etes “In’ part1cu1ar, this research paper is concerned w1th the o -
douUTe knee bend sty]e of ]1ft1ng wh1ch%ytilizes a squat c]ean

R 4 T e T 13
. . . :

VR

Just1ficat1on for the study 1ay in the - 1ack of qua11tat1ve“:

_.and quant1tat1ve informat1on spec1f1ca11y re]ated to. the c1ean and Jerk_7_
. Most of the -data available was . found to. be. descr1pt1ve and had been
: wr1tten prior to the decade of the sixties Although a number of

ipublications had been. published Jater than this,_they were 1arge1y

"1repr1nts of ear]ier works The books«written by Hoffman (1959) and -

Kirkhey (1957) and (1964) are’ typ1ca1 of what is available’for weight-"

) lifting and they appear\to conta1n educated guesses, based” upon years of;p
;élhexperience, of what factors are pertinent 1n successful 11fting. “As one
"might expect where subJect1ve reasoning fs- 1nvolved the op1n1ons expressec
"1n the various pub11cations often contrad1ct each other Thus, 11terature

o of -a scientific nature was found to be. virtually non ex1stant w1th the . -

except1on of three re]ated categorwes of 1nvestigat1ons F1rst a number
of researchers had examined the clean and Jjerk, the snatph and the”parallel

‘squat as’ part of master of science degree programs Second an assortment

of l1ft1ng studies ‘weré' found'ranqwng from those concerned w1th JOb

safety to those wh1ch dealt with anatomical. 1nvestigat36/s 1ntd the ro]e of
1ntra thoracic and 1ntra-abdom1nal pressure while/liftinq fhird a .
number of- researchers had 1nvestigated varfous~aspects of the weight11ft1ng

o

ko
S 3

-, N A .. v |

. e e Y R e L .

N " B . St N 1 . . i
S Lt < ) . T s




events‘butwnon_hadﬁdealt Qith the 1ifts as a‘whole.

\

, In view of the fact that there are at least three bas1c\sty1es
of 11ft1ng1Pthere was a need to Begin to giveemeaning to 1nformat1on
in the literature by viewing it in the context of one sty1e or another,
As a]ready mentioned, this 1nvest1gat1on is, spec1f1ca11y ¢oncerned with
\~the dhub]e knee berd style of 1ifting which utilizes a squat clean. Whe
rebend.technique came 1nto prominence ‘in the mid seventies. Prior to
‘ 4that t1me, a swing sty]e or accorQJng to Garhanmer (1976), a trunk -
.extens1on sty]e of pulling was used in most countries except Japan o
where the Frog sty]e of lifting is used. This latter style was deve1oped \

by the Japanese to su1t the pecu]iar1t1es of thelr anatomical structures.

Limitations .

The scope of the ana]y is of the data co]lected was limited
to descr1b1ng the double knee bend technique of the clean and Jerk It g
" was not extended to a detailed exam1nat1on of the cr1t1ca1 aspects of the .~
event because of 11m1tations in the experimenta] design. ' ' '

< L 0n1y two subJects were used who were expert 1n the style under
ihvestigation. The 1oss of external validity, however, is partially

off set by comparison to’ exper1menta] results in the- Titerature “for -
performancesndy world class athletes. '

8. . . 9

Identification'of Event.Under'Study

a O . . : . v {
‘ Before proceed1ng with a descr1ption of the study and a report
of the results, the reader should have a.clear understanding ‘of the move—,“
- ment being 1nvest1gated Figure 1 illustrates the ‘clean and Jerk - The
‘clean is a movement designed to take the barbel: f:»m the 1oor to the
,_shou]ders while the jerk is’ a movement des1gned to place the barbell at

. arms Iength,over_head. The two dist1nct movements are necessary because

.p

-




of the magnitude of the lcad befng.lifted,»‘
_ ' ' .
. The clean 1s composed of three parts. The barbeTT is first

pulled as high off the platformi as possib]e {pictures 1-4). Second, the
~ lifter lowers himself under the"bar by squatt1ng (picture 5) and he: |
: subsequentTy 'catches' the bar “at the shoulders (p1ctures 6-8). The act

of catching the bar at the shoquers is usuaTTy referred,to as racking'“

the Bar. . ‘ ‘

with the bar secureTy racked at the shoquers wh11e standing
~in an erect position, the Jerk is 1n1t1ated The Jerk is composed of _
three parts as well, F1rst the bar is .given awvertical upward thrust
,(p1ctures 10-11). Second the T1fter becomes a1rborne as he descends

under the bar in order to catch it at arms Tenght overhead..  The

descent is facilitated. by spT1tt1no the Tegs fore and ‘af (p1cture
12). Third from a spTit position w1th the bar overhead picture 13),‘ R
the T1fter recovers to a standing posit1on (p1cture 15) which must
be held motion]ess until the referee signals that the T1ft has ended

‘The parts Just descr1bed can be ‘broken’ down further into
' phases It is convenient to subdiv1de the pull dur1ng the clean into
i thres 3hases - The first puTT takes place between the fToor and knees:
(p1ctures 1- 2) The, scoop occurs when the poS1t10n of the bar is N
between the knee and h1p Joints (p1ctures 2- 3) - The second pull takes
pTace between the hips and the point where vert1ca1 forée ceases to
be appT1ed to: the bar (p1ctures 3-4). |

The word ' sccop refers to a: movement which reaT1gns the

body segments 1nto a nore eff1c1ent codf1gurat1on The h1ps are d1sp1aced '

' ;f anter1ora11y which czuses the knees to fTex or rebend. ’The doubTe knee

' bend or: rebend techn1que der1ves its nane from this characteristic action
b , N ; N C

S \ S ] -

. The dead Tift is one of the events performed in compet1t1ve

power Tifting It has a f1rst puTT 1n common with the cTean
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.Pictoral Repfesentatiqn of Clean and Jerk,




T CHAPTER THO

| ] REVIEW OF LITERATUREJ@ - S ' .tf,ﬁ;t'j
Definition of Terms ”'ligfl;f]{)f:‘1;f;'§ﬂ““fw""°"f ﬁ

_ "Whi tcomb (1969) stud1ed the clean and Jerk from a descrip'ive f?
point of view and. 1n doing so, used fourteen heéd1ngs to c1assi the '
'1nf9nmat10n obtained. The same:breakdown, wjth‘some modifications, .

o videTetions‘and’ddditibns. has been used in this report. For the purposes
- of this study, the clean and. jerk has been divided 1nto seven phases
;which contain thirteen pos1tions of 1mportance | '

o l'”‘:'v',"‘rll‘wje’"5F‘j_ix“‘lri:;:»i:“Puﬁ‘j::,'"{':-; jthat part of the pu111ng motion duving the
o RIS f"'}‘”;cTean which takes place between ‘the floor
o o and the knees. There are three positions
'assoc1eted Y1th the first pull;
The- Starting Position: ‘ the conﬁiguration
" of the body segments, 1mmed1ate1y prior to
__1n1tiat1ng the Tift., . R \‘ .
The Bar Off Floor Position: the configura-
~ tion of the body segments 1mmed1ate1y after
jf1n1t1at1ng the 11ft S R

|

A‘, The Knee -‘High Posit1on the configuration

conmences

'The sedop Pheée} when whitcomb conducted his study, the \ /?//

- ' double knee bend te hnique with its scoop-

“ing motion, was unheard of. He, therefore//
had no. term for it. ‘ The’scoop phase of- thev..

o .11ft refers to that part of the pu111ng
<  motion during the clean which is character-

' " ized by a rebending'or flexion of the knees.

of the body segments when the scoop - i v h




. b ' . > » : ‘F
The Second Pdl]f that part of the pul]ing motion during the
o “clean’ wh1ch commences upon completion of «
the scoop and ends when the body begins
its descent in order to rack the bar. ﬂ
There are three- positions associated with
~the second pull; ; S
. -The Bar On Thigh Position: the configura-
oo tion of the. body segments upon commencement
| of the second pull.”
The Ful] Extended Posftion the configura-
‘tion of ths body segments upon- completion
. of the second pull. ' v
The Bar: High Position: the vert1ca1 posi- -
tion of the barbell relative‘to the 11fter s
T oo - body as if it was in an erect standing
| | ‘ | posit1on upon the platform when vertical -
motion of the bar ceases.

-/The Squat Phase: ~refers to the movement of the body when it .
’ '~ 7 'dips under the bar in order to rack- it at
L ‘the “shoulders. whltcomb defined only one -
. ; posit1on of 1mportance for. this phase of
_'_»; : . S the clean.’ ~ Another positfod“ the racked
'\ » | - E ".. posit1on “has -been added ' \*J
: ' ‘ The Racked Pdsition  the configuration of -
S - the body segménts at the moment that the
$. o NM,\? '.2 | ST barbell has' been racked upon the shoulders

The Full Squat Position: _the configuration

.of the body segments when - the body has
reached its 1owest position during the
.squat. e ‘

‘ ~ The Dip.Phase: - ‘refers to the descent of the body into a
- R D ,P°Sif1°" from wh1ch thrust can be app1ied



' The Thrust'Phasef

The Spiit Phase:

- body segments from which thrust will be .

h and knee'joints' The thrust commences from v
“the dipped position and ends upon- commence- SR
_ment of descent of the body under the bar.

‘Two body positions are associated with this

tion of the: body segments upon completion
- of application of thrust B o
__ The Bar Hgg_fPosition the vertical posi-

%3

tosthe bar dur1ng the Jerk Two pos1tions .

are associated with ‘the dip phase of the | R
jerk; : e o

The Preparation for Jerk Position “the

erect body segment confjguration assumed

while preparing for the descent to the

‘d1pped position.

The.Dipped Position: the-cdnfiguration.of

applied to the'ban“duringﬁthe‘jerk.

:refers_to the"act;of vigorously prope]ling'_'

the barbell overhead by extending the ankie‘

Gosbade S e s 0 e

phase of the 11#t ‘ . : o
The Full Extended Positipn' ‘the configura--

t1on “of the barbell relative to the 11fter s

position upon the platfonm when vertical

[

.
“body as if it was in an erect standing : - i
| |
v motion of the bar ceases |

. refers to. the fore and aft movement of the
;,1egs which permit descent of the body under

* . the bar dur1ng the jerk in order to catch

© to an erect standing position with the bar
,-,atill Oyerhead The split phase is char- -
'acterized by one position,

the bar at arms. 1ength overhead The split
phase also 1nc1udes recovery of the athlete
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The Full Split Posix1on ‘ the configura-

- tion of the body s?gments after the feet
have been replanted upon the p]atform and
all vertical movement has ceased. '

A

This study‘ w111 frequent1y kefer to a;BQeS'at four joihts
“of the body, namely, the metatarso pha]angea], ankle knee, and hip
"Jo1nts zhese angles have been respect1ve]y des1gnated as ¥, 8, ¢, and
~¥. A1l of the ang]es have been referenced to. the hor1zonta1 (F1gure 2)
" Theta and phi and gamma will also be respect1ve1y referred to as the

angles at the ankle, knee, and h}p joints.

ngure 2

I]]ustrat1on of Jo1nt Ang]es Frequent]y RLferred To

ot

T
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Review With Reqard to Phases and F_sitions

[

The 11terature contains considerable repet1t1on, that is, .
the same po1nts are made by many authors ,1he spec1f1c reyiew to
follow is, therefore, ]argely a collection of highlights- from these
wr1t1ngs and po1nts where authors disagree. The reader can consu]t
various authors for a very basic descr1pt1on of the clean and Jerk
k1rk1ey is probably as good as any for that purpose ' ‘

The Start1ng Pos1t1on ¢

}

. further recommewded a hook ~ gr1p, anterior d1sp1acement of the shoulders
re]ative to the bar, stra1ght arms and laterally rotated elbows: '
Gardner (1974) was even more specific when he claimed that the best foot

width is hip thth He further stated that the bar should be" pos1t1oned

- over the metatarsa] joints. ‘lie cr1t1c1zed the’ Japanese for their narrow

foot placement by stat1ng that 1t\resu1ts in a cramped, uncomfortab]e _
" starting position; y1e1ds poor. lutera1 stab111ty, ‘and leads to problems
for 11fters th have anatom1ca] problems such as. uneven 1egs

Both Webster, a’s reported by Wh1tcomb and Whitcomb (‘969)

ana]yzed f11med 1ntérnat1ona1 Tift rs and found that- the w1dth of foot e

:p]acement ranged from 11.4 to. 21.6 cm Webster and "Whitcomb were also

Niagreement w1th regardﬁto the poswt1on of the back wh1ch was found to'f

‘range ‘between 25 and 35 degrees when measured from the hor1zonta1 The
“line of sight was found to be downward at ‘an angle of 45 . The’ h1ps '
bwere slightly lower than the shou]ders but h1gher than the knees . The

shou]ders were%ahead of the bar anh the hands were s]1ght1y wider than

shou]der wldth However, contrary to. Webster Wh1tcomb found the toes.
polnt1ng stra1ght ahead rather than outward

‘>

M111er (1975) has' given three reasons for commenc1ng the 1ift

Cwith: the thigh angled above ‘the hor1zonta1 ' F1rst there is a- natural
‘tendency to d1sp1ace the bar posterTora11y 1nstead of upward Second

: Hoffman (1959) recommended a stance wh1ch is confortab]e The -
bar should be close to the body and the back flat. Sm1th1nunt (1974)

Iz
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X
b

L




_ the leverages of the joints are more efficient. Third, "the’]erer arm
" (where the bar would intersect the spine) will be decreased since the o
back will be lower". o o

The First Pull:

" The Bar Off F]oor Position:

According to Kirkley (1957), the lifter shou]d pull the bar
off the f]oor as. qu1ck1y as possib]e Massey et -al (1959), on the other
hand have suggested that the initial force required to overcome the
1nert1a of the we1ght must be the resu]t of a slow pull. Haffman (1959)
was more genera] in his-description when he stated that the 1ift is
commenced s]ow]y and the velocity of the bar‘increases as it rises off
the,ﬂgoor. Miller (1974a) gave reasons for pulling the bar slowly. He
stated that a fast pull displaces the bar anteriorally. Further; the .
contractile force generated=by contracting muscles deCreases rapidly

as the velocity of contraction increases. However, he later modified

, this‘statement'SOmewhat bygstating that the first pull should be as’

fast as possible having regard for the.leverages present and good bbdy

posit1on (Miller, 1975) but that there should not be any concern for-

lost power as a result of increased. velocity of muscle contraction ,
because the increased mechan1ca1 advantage of the lever system would oot o
more than Gffset the: loss of contractile force. “Gardner (1974) prov1ded

vanother reason for a s1ow. pull when he po1nted out that the rebend a} the:

knees requires ‘time to take place: Sm1th1nunt (1974) has stated. thdt the |

' bar is not Jerked from the. floor and that the ensufng fwrst pull should : \
| be- both c]ose to the shin and the resu]t of contracting 1eg muscles as N
opposed.to back: extens1on

Willer (%974a) has stated that the weight of the body is initially
centred on the balls of the feet and is then displaced posteriora]]y as.
“ the 1ift. continues to the knee high pos1t1on Confirmation of the. shifting
nature of the centre of pressure was found 1n Garhammer's force plate
ana]ysis of the snatch 1ift (1976) The hips move vert1ca11y upwards
and the angle of-the back to the horizontal remains cgnstant. .

o
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Webster (as reported by Whitcomb) found the back to be in thé
same ,position just after the bar leaves.the floor as in the starting
‘position. Whitcomb (1969) found the same thing éxcept the shoulders
: of 'his subjects exhibited a tendency to drop and move anteriora]iy
while the bar was being pui]ed to the knee high position.

The Knee High Position: ‘ :
' Webster (as reported:by Whitcomb) found that the primary scurce
of vertical motion is still knee. extension when the bar reaches the knee
high position. There is some extension of the back and the shou]ders
are anterior to the bar. Whitcomb (1969) found essentially the same
" thing. ' : ' ‘

The Scoop Phase: _

~_ As the bar passes the knee hdgh position, the posterior dis- '
‘placement of the centre of gravity of the body reaches its maximum
(Mii]er 1974a). Commencement of the scooping motion dispiaces the
centre of gravity back toward-the balis ‘of the feet where it re51des
until the lifter assumes the full extendeg‘position at th% end of the
second pull. The hips move forward and upward causing the. knees to reP
bend under the bar ' - \

The act of rebending the knees restretches ‘the quadriceps thus
enabling them to pull more powerfu]]y (Mi]ier, 1975). Rebending also
introduces a short period during which the contracting muscles can relax:
- because the quahriceps are eccentrically contro]iing .the - forward and '
downward motion of the scoop Fina]ly. the scoop dramaticaiiy alters

the . system of Tlevers such that the 1ncreased efficiency of the system ' :.\

»outweighs the 1oss of contractile force

0'Shea 01969) has noted -that every effort should be made to
keep the head and- shohlders ahead of the bar as the bar passes the -
" knees. v

A
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The Second Pull:
The Bar on Th1gh Position: :
Whitcomb defined this: pos1t1on as be1ng s]1ghtly above the |
--knee joint. Since it 1s not clear whether or not h1s pos1t1on is the-
" same as that defined in this report, comments from his study. will not
be reported The f1nd1ngs were suggestlve of both the Knee . High and
- _the Bar on Th1gh Po%1t1ons

1
|
il

The Full Extended Position: _ o 1 | Y

_ A11 authors are in agreement that full extens1on is very
des1rab1e Webster (as reported by Nh1tcomb) believes- that the |
extended body" should make an angle of 103 - 1040 d the. ‘horizontal
when measured in the same sense as 6. Whitcomb (1969) found all of
his subjects extend1ng into this range and: some even exh1b1ted
hyperextension. The angle of the back (to the hor1zonta1) ranged
“from 92°”to 105°. The direction of vision was 45°‘upward and_shou]der

e]evation was noted.

It is dur1ng this phase of the 1ift that,the arms and shou]ders<

\exert their pulling power (Hoffman, 1959). “Smithinunt- (1974)\found it

~convenient. to 1ntroduce,%he notion -of a third pull which is character1zed B

, by use of the: arms -and shoulders to apply force to the bar

hbvement of the body to: the full extended posit1on shou]d be
-thought of”as a Jump1ng away from the platform with a weight in the
" hands (M111er 1974a).. The second pull is initiated" by an acce]erated
extenslon of the h1ps and knee joints and not by an extension of the\\\
back. ) ' ' . \ -
M111er has discussed: the act1on of the wr1sts at the top of
the pu]l Flex1on at the wrist joint not only prevents bar sw1ng but
it throws the elbows forward and laterally causing the trapez1us to
-stretch and therefore, contract more powerfu]ly Further, p]acement of
the e1bows forward fac111tates execut1on of an upr1ght rowing motion.
: which causes the trapez1us to pull vert1ca11y and ra1se the scapu]a
maxima]]y upon the ribs If the e]bows were pos1t1oned poster1ora1]y,

£535-
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! _
the rhomboids w111 assume a dom1nant ro]] and the result will be
'd1Sp1acement of the scapu]a resu1t1ng in a reduct1on of pu111ng power.
The Bar High ‘Position: _

‘ ‘Webster - (as reported by Nh1tcomb) found an approx1mate one- {
third sp11t between .those whose bar h1gh pos1t1on was above, level and
below the belt.” he also found that the bar continued to rise after the
lifter had commenced his descént intp the squat. Whitcomb (1969) found
the same thing. 1In add1t1on he found that the feet had already re- o » 5

,estab11shed contact with the platform when the bar high pos1t1on had

WO

» ‘been reached. The shou]ders were abducted and the back was near thé ,
vertical. The back ang]e ranged from 85° to 102°, R
- o
The. Squat Phase: : o ‘ :
‘ From the fu]l extended position, the ]1fter descends into the -
full squat pos1t1on, 0'Shea (]969) produced t1me/d1sp1acement data for “
what he classifies as good and champ1on 1ifters. The author produced .
f1gures for the velocity of shou]der drop .in the vertical plane dur1ng t
;the squatt1ng mot1on Tab]e 1 Summar1zes the f1nd1ngs R Ce | w
o . TABLE 1
Shoulder Drop Ve]oC1ty Dur1ng the Squat
L e em/sec.)
: ,Suhject.'“_, o Good‘Lifter T L Chamg1on < |
I 1951 a3y R
- 2 o e e
- 185.9 . 2743 T S~
- 4 T a3 '22ﬁ..5 R SR |

Average 1769 .| 253.0




14

The total elapsed time for the- descent wasu'24 seconds and it is clear
from the data that the champion performer is able to‘get under the bar
much faster than the’ good 11fter. . | _ B R

i KN

An 1nterest1ng comparison can be made of the above findings C
te the character1stics of the clean by Rigert (Shakirz1anov 1974).

Rigert took between 0.2 and 0.22 seconds to descend into the. fu11 squat S
: posit1on and of this time between 0.05 and 0.07 seconds was spent in * _#
free fall motion. Since the total distance/dropped was 59 cm, the average
~drop velocity was 287. 8 cm/sec. Both the time of descent .. . P
‘and the velocity of descent agree with the data presented by 0 Shea

Gardner (1974) has c1a1med that the descenl to the fu11 squat L
position at such a high- velocity can only be accounted‘for by the abi]ityjh h
1of the 11fter to pu]] h1mse1f under/the bar.. '

sk <o an B N L e el v T

i s e

" The Full Squat Position
- ‘Webster (as reported/by whitcomb) has stated that the back
- should be at an ang]e of 60 - 700 to the horizonta] whitcomb (1969)
found the angie to range from 68 - 82°, In add+t10n “foot placement was _
s]ight]y wider than shbu]der\width and the knees were anterior and lateral -
to the feet. The upper ‘arms were at an ang]e of 45° to the horizontal ‘
“and’ v1sion was straight ahead. ‘

'The Dip Phase T Lo L i b
- - The Preparation fhr Jerk Position: :

R " Whitcomb (1969) found foot placement to be s d)ight]y narrower -
'\thnnoshoulder width " The bar was held on the clavicl s and the. elbows .

‘were d'\lrected\an%._ P A
S T B P S

—

——

‘Hise (1974) warned Tifters against\Fﬁ§h1nq~the jerk and allow-
1ng the bar to slide off the sternum or deltoids He then: outlined
" three basic posit1ons for holding the bar in the preparation for jerk
posit1on e R o '115/ S




 to the bar is directly related to the depth of the d1p

1. The bar is held well back on the ‘deltoids and
' -sternum at a p051tion where the bar.- touches ‘the
. neck. The el ows are high with the upper arms
s para]le] to the f1oor i

. a
A N

2. ,The bar is. held in the middle of the deltoids so-
| ' that it is touching the sternum and the forearms o n
_are. 30 off the perpendicu]ar '

3" The bar'is‘he1d Ft the front.of the de]toids and”
upper chest with the forearms perpendicular to -the
' floor

“ Hise felt that the pos1t10n described in (2) 1s optimum for most lifters
h He po1nted out that ‘as a genera] rule the magnitude of the dip and the

extent of the split are inversely related. This relationship follows ﬁ,,‘h,off."

from the belief that the magnitude of the thrust which can be 1mparted )

~

Nl Kirkley (1957 1974) stated that the dipping movement is

~ effected ﬁy a fair]y rapid bending of the knees to a maximum depth of -

4to6 1nches and that the trunk must be displaced absolute]y vertica11y
if the ensuing tmrust is to be verftca] as well The spﬁit commences

"when the bar is at the top of the head and thé arms apply thrust in ,
- order to- vigorously propel the barbell to' the overhead position O_Shea )
-v(1969) beTieves. that the dip should be short while Hoffman (1959)

recommended a: ‘moderate dip 'wih a jerk or a jolt'. If the dip is too

2

. o : L
T o : . N

low, the body will have ‘a_tendency to\be d1splaced forward Sm1thinunt
(1974) recommended a dip which was 15'cm in depth and Hise (1974) cau-
t1oned against d1pp1ng too slowly. He agreed howeyer, ‘that the dip is

. as vertical as possib1e

The Thrust Phase o e S
At maximum depth 1n the d1p, the legs are extended Near the

—— . ~ -
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end of extension, the body rises onto the'toes ‘- order to achieve max-
imum height before splitting (Kirkfey, 1974; M. -ay and Karpovich, 1956).
0’ Shea (1966) belfeves that thrust comes from extension of the arms and
legs while Gardner (1974) claimed that an overlooked source of thrusting
power is e1evat10n of the shoulders. “Hoffman (1959) has stated that the

weight achieves a height no* muc- greater than the shoulders during the
Jerk movement and the key,'therefore, is to dip under and catch ‘the bar
at arms 1ength before 1t has had an opportunity to drop.

Nebster (as reported by Nhitcomb) found that the split commences
as the bar leaves the shou]ders Whi tcomb ' s analys1s was more precise
. The feet are p1anted when the bar is ‘an inch off the shou]ders
\The Sth B |
© " Commencement of the sp1{tting motion of the feet causes the
body ‘to lose.support upon the platform and the body thereupon descends
to the full split. pos1tion “Smithinunt (1974) seemed to recommend a hard
’push against the bar with the arms after the sp11tt1dg movement has begun
Ganjnér (1974) claimed that the arms exert such a thrust.
The rear foot leaves the platform before’ the front and the bar :
.15 at the. top-of the head when the- feet Tose contact with the ground ,
"(Hhitcomb 1969). Hise (. 974) advised lifters to allow. the back ‘foot to
estab11sh contact w1th the platfonm before the front when splitting
\
The Full Sp]it Position . : _
» This position 1ncorporates ‘the 'feet on floor position of
"Whitcomb. - Whitcomb (1969) found the bar to be 15 cm. above the\hEad
- at .the moment contact is made w1th ‘the p1atform .The body continues to
~ Tower itself into a full sp11t position. The front foot often points '
media]]y and recovery is initiated by moving the front leg back one step
thile the rear leg remains stationary The rear leg is then brought
forward According to Hise (1974) 95% of all top lifters recover in
this manner

R S gy L
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According to Kirkley (1957), vision should be directed straight
ahead and a verticai line shou]d fall. through the bar, head, shoulders
and hip. The/1egs should be almost equally displaced fore and aft.

Paths of the Barbell, Hip and Shoulderxand Their Reiationship ]

The means to comp1etion of :<%uccessfu1 ‘maximal 1ift is the
efficient app1ication of force in the vertical direction. - A measure
of efficiency may be obtained by recording the path of the barbell through-
out the 1ift. The path of the bar was very. apparent when the swing Qr.
back éxtension style of lifting predominated and  the 11terature from that

era ab?unds with discussion about the 'S‘. shaped path produced and how

- one could eliminate it. Identification of the double knee bend as a =
technique has caused the attainment of a vertical path for the bar to

:become a theoretical possibility.  As a resu]t, increased attention 1s

~ now being paid to the path of the bar. : , . s

»

In the past the absence of scientific studies produced as
many descriptions of the 1dea1 path as there were writers expressing an
opinion,  Kirkley (1974) recommended a path which was as close as . .
possib] to the body. Murray (1956) stated that the bar should be ant-
erior to- its starting position when racked. :

Nhitcomb (1969) found considerable variation in the path pro- -
vduced among the_.high calibre 1ifters as well as among ‘the attempts of an

individual. Figure 3 is a modified reproducfknlof the plotted- paths

for the five 1ifters used in his study. Al of the curves exhibit pos-
‘terior disp]acement during the first pul]. anterior displacement during .
most df the second pull and fina11y, posterior displacement again as the
second putl nears its conclusion. Point A is-the extended position in the
c]ean and B is the bar high position Whitcomb. indicated that the squat

is initiated when A is reached Point C is. the preparation for Jerk |
\position.whiIe D is the thrust position. It is. interesting to note that

‘in no case is the dip vertical while the thrust ' tends to  be near the .
vertica] A1though there is & pattern to the puiih there is no tendency

A
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r1gure 3 A' o - : .
-Paths of the Barbell - Latera] View . - @
(Whitcomb, 1969)

a%

Figure 4.

Trajectory of ‘the’ Clean by Dave Rigert
(Shak1rz1anov, 1974)
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.~ shown in the jerk other than the direction is up. The dip is anterior;

aliy:dispiaced'in every case. ' | '
R . . h ) \ ’

It is now pertinent to compare the above curves with the path
produced by the finest 1ifter in the world, namely, ‘the curve of Dave
Rigert (Shakirzianov, 1974). Figure 4 is the path of the bar from the
starting position to the low position in the squat (to- point E in Figure
3). Twenty cleans were analyzed of which seventeen were in competition
and three were training 1ifts. The path appears to be much more verti-
cal than those of the American 1ifters The maximum horizontal dis=
»_placement of ‘the bar during the pu]l never exceeded 4 cm. The outr
standing. feature of this graph is the verticaiity of the pu]] and the
_apparent consistency under stressfu] circumstances

R

. Rigert uses a doub]e knee bend styie of lifting and one can
be reasonab]y sure that at ieast some of ‘the Americans in Whitcomb's

‘stidy were using the back extensicn styie Assuming this to be the case,‘-
the two pictora] presentations offer an 1nteresting opportunity to com-

1pare the paths produced from both’ sty]es

Miller. (1975) has pointed out that the bar must be puiied

verticai]y if maximum efficiency is to be achieved. In’ practise accord-

ing to -him,’ this is not possib]e because the bar is initiaiiy p]aced over
the metatarsals and must be brought in. However a deviation of 5 cm
from the vertical is acceptab]e in his opinion. He further pointed out

~ that bringing the bar in cioser to the ankles will oniy shift the weight
“of the body. back upon the heeis and wiii cause the bar to be dispiaced
even further back. . -

_ 0 Shea (1969) produced two disp]acement graphs which compare
dispiacement patterns for good and champion lifters (Figure 5) The
distance AB represents the first pui] while BC is the second pull. Al-
though the author did not say so, it appears that the level portion of
the shoulder 1ine at B on the champion graph is probably the scooping .

]
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‘Figure 5 _ ;
Comparison of Bar, Shoulder and Hip Movement in the Vert1ca1 B ?
P]ane During the Clean ' . ;
Typical Good Lifter  Typical Champion Lifter .
. o , ;
-
1.8, ‘
o
s1.2p
£ ap
- |
on :
@ i
v N £ N
‘ 0 .8: : 1.8 , .
Time (Sec) = Time (Sec) - | N ’
A Start of clean B —m— ——— N
B End of first pull = - "~ - Shoulder — : B
C End of second pull =~ = = Hip ===cmmccaa-- 3 o :
" |Shoulders meet bar - o SR - i
o TABLE 2 - |
'Rejationsh1p'8etween Hip Height andlBar High Position -~
Good Lifter Hip Height (Cm) : Bar Peak Height(cm) " Difference
BergeL . 93.3 - 98.7 I +.5.5
Williams 97.5 - 125.0 - . +27.4
Norton . - - 101.5 1m.2 . o+ 9.7
Total 292.3 335.0 - v .
Overall Total - 621.5 737.0 . v o Lo
Mean <+ 103.6 122.8 . +19.2 o )
| 'Champion Lifter - SR o I I "‘z' |
Kono . 103.0 088 . +8.2
J. George - 108.5 . . 98.7 - L= 9.7
Shepart " 106.1 98.7 - 7.3
- Total 316.1 . 307.2 .
Overall Total. 721.2 - 726.0 . o
Mean = - 103.0 103.6 Y+ 0.6
\ "‘ .
. - a




actlon The graph also demonstpat”s constant upward displacement of the

l hips. The hip 1ine for the good lifter is very steep dur1ng the first
7pUll.wh1ch is indicative cl{the swing style. During the_second pull,

‘the hip of the good 1ifter falls as the back is extended. The champion"
1ifter continues to raise hfsships conf1rm1ng that his liftlng power is

the result of knee and hip extension. Another d1fference is the sharp

‘rise between. A and B of the shoulders in the case of the champion. _
Table 2 1ists some relat1onsh1ps between hip height and. peak bar height

In the case of the champion, the maximum height of the hips at the end

~of the pull is higher than that for good lifters and the height to whlch
the bar is pulled is less for the champion.. Good 1ifters pull h1gher

than hip height whereas the champion 1ifter tends to pull only to hip
helght or less -
. A comparison with the foregoing can be made using the parameters
characteristic. of the clean of Rigert (Shakirzianov, 1974). EThevbar |
high position for Rigert in the clean is 97 cm. Havtngza stature of ‘
- 173 cm, thelathlete's hip hefght is aporoxim tely 105 cm. The diffenence;
‘>therefore oetween’the height of the bar at ihe bar high.position and the
theight of the h1ps in a standing position is 6.7 cm; that is, ngert pull-
ed the bar to a helght which was 6.7 cm below hip height. These,f1gures
~are in agreement with the statements made by 0° Shea. S

o Shea, (1969) pointed ‘out that the pr1nciple of force applica- :

~ tion suggests a delay in the use of arm and shoulder muscles unti? the '

’ force produced by the legs a#ﬁ hips has peaked at which. time, the amms

and shoulders can be applied effectively. In the case of the good 1ifter;,
in his study, ‘the hips peaked too soon and weaker body segments had to
somehow compensate ' '



Lifting Styles In Terms of Joint A_g]es

Lifting technique has been ana]yzed from the point of v1ew of
Whi tcomb (1969)

Joint angles, name]y. the . ank1e knee and hip joints.

repyrted ang1es for all three Joints

-3 summar{zes these results.

‘The subJects were nat1ona1 ca]ibre
American 1ifters and at least one was ranked internat1ona11y
© o (1974a). has also reported joint angles for ﬁhe same three Joints

Miller

\ ) Alterations have been made to the orig1na1 data reported by
" these authors 10 order to make the 1nfonnation directly comparab1e2
definitions of the angles used in this report were reported in the

‘1ntroductionﬂ

TABLE 3 *

v

N - . (Ceqrees )

AnkTe (e) |
Miller (Double Knee Bend
Whitcomb

Knee (4) I
Mi]ler"(Doubje Knee Bend)
. Whitcomb

Back‘ (v) .

Mf]]er (Double Knee Bend)

1 Whi tcomb

Comparison of Joint Angles For The Clean

POSITIONS
Starting Knee High On Thigh Exten;ion

| Table

The

7
79 108
1 63
2 50
37 40
32

95

. 80

103

58

46

9.

56

92
118

62

i

95

22
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Velocity Parameters Associated With the Clean and Jerk
\ : o !

> Ono et al (1969) studied film records of Olympic champions and

23"

Japanese lifters and’ computed ve]oc1ty data from the information obta1ned

Whitcomb (1969) also obtained average velocity data from.his study and
the results from these two 1nvest1gat1ons have been summar1zed in
Table 4. In both cases, the exact nature of the cleaning technique
being used is unknown. As mentioned elsewhere in this Study, the

: evidence'suggests that the subjects, in Nhitcomb's‘study, used the
'back;eitensioh style of lifting. Simjlarly, many of the subjects in
Ono's study were'probabﬁy'using the back extension style also. ‘

addition, the Japanese SubjeCtg'woy1d have used the Frog Style Lf cleaning.

|
‘Studies conducted by Shakirzianoy (1974) ahtharhammer (1978)
: conta1n bar velocity information for 1ifters using the double knee bend

sty]e of 11ft1ng, Shakirzianov reported velocity data for first and
second pulls performed by Rigert. Garhammer, as part of a long1tud1nal

-study of world class Olymp1c wd1ght 11fters, produced peak bar velocity

data for the clean and jerk from the }ifts of 12 Amer1can and Russian
athletes who'perfonnéd_at-either the United States championships or the
Las ‘Vegas Intérnational Ihvdtationa] Meet. Garhammer' s data for the
clean contained one value. (203 cm/sec) wh1ch did not appear to f1t the
“pattern df the others It was excluded by the writer and the resu]tant
mean and range are tabu]ated in Table 4. iRk
| y - .
The average veloc1ty value computed by Ono was over a time’
"1nterva1 of six- -Sixty- fourths of a second. Therefore, the des1gnat1on

of his values to a spec1f1c position should bé regarded as an estimate

wh1ch was effected in order that a compar1son to other studies could be'

made Ono. qomputed two velocity values for the bar during the Jerk.
The first of these has been recorded in Table 4 and it appears to be
| “the velocity of the bar as it passes. its preparatory position. in the
preparation for jerk position. -The exact nature of the second value
1s unclear but it appears to be the average velocity after the bar has
-'passed the preparation for- jerk position S



TABLE 4

Ve]oc1ty Parameters of the Bar
From Studies Reported in the Literature

(cm/sec )
v \_ Full Velocity as the Bar ‘
| Knee High Extended Passes the Prepara-
o Position _(Clean)  Tory Position (Jerk)
© 0no : : 162 187 137 ‘
Whitcomb © -~ 61 19 - 144
Failures (Ono) - ' - . 81
Rigert , RS A 157 .-
Garhammer _ - ‘ - 145 7 - 148
(Range) C o= (127-168) (140-181)

Power Output During_the Second“Pu11 and Throst PHases

Garhammer (1978) computed the power generated by world class
'weight lifters dur1ng the second pull and 'the thrust phases of the
clean and Jerk Values in the vertical plane for the second pull,
phase varied from 2121 to 2335 -watts for two athletes we1ght1ng 52 and
56 k11ograms The loads on the barbell ranged from 117 to 130 kilograms.
Va]ues for the. Jerk were 2563 and 2611 watts for 11fts of 117 and 130
k1lograms respect1ve1y '

Anatomica1 Considerations  ' e S =
~Body Segment'Paramecers'.
- L ) | o
A number of anatomical characteristics of the body have specia]
re]evance for the performance of the c]ean and. Jerk The most obv1ous of '
these features are the body segment proport1ons

RS S UPEFIE AR US SR
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McCammon (1970) and associates conducted a ]ongitudinal study
of 334 subjects from which yearly anthropometric measurements were taken.
Mean absolute and relative stature and crown-rump heights did not vary

r

Figuré 6 \
Axis of the Thigh and Leg Segments , - I
N
1
/ .
~
9
L
|




»%57'._  TABLE 5 . SR
- Comparison of Bone Lengths as a Percentage of He1ght \\
\\} . from McCammon and Maresh :

| T -
+ McCammon - Maresh —~ ——_Average

~ Femar - . 28.7% 28.6% 28.7%

- Tibia .- - 24.1% 24.0% - 24.0%
Lower Limb = - 52.8% - 52.6% - 52.7%
Hume rus B 19.64 9.6 - 19.6%
Ulna R L | 14.8% 1A%

Upper Limb = . 34.3% . 34.4% 34.3%

Significantlyhofter_the age of 19 years. Sitting height (croﬁn-rump
height) wos found to average 52.2% of stature. - T ,
o ) . - . - o ‘\\\._
'S ' : -
Due to the pecu11ar structure of the femur, d1rect measurenent
of - 1ts 1ev r length is impossible where lever 1ength is def1ned as the
‘distance aj
distal centres of rotat1on The mechan1ca1 axis ‘is one of three axis ,
associated with the Tower 11nb (see Figure 6) Both .McCammon (1970) and "
Maresh (1959) have published tables contain1nq bone 1engths along the:

chan1ca1 axis of tWe fermur and the other 1imb seqments ‘as well.
K

hng the mechan1ca1 axis of the femur between the. proxima] and C

Measurements were takem from X-ray photographs and they include the R
most: proximal and distal aspects of the bones. The findings are summar-

1zed in Table 5.
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! TABLE 6 |
Summary of Body Segment Proport1ons Used in- Mechan1ca1 Ana]ys1s ,’J’
) ?as a Percentage of Stature)
- . ¢ o ' : ‘ . Ty
Upper Limb: Humerus - . B ‘ 17.4%
e Ulna _ v | - 16.9%
T/ —%otal . 3433
/ . \\.\\x;‘ o e . .
R T f | J | e T N
Lower Limb: R Femur S 2518% B N
Tibia . 24.8% -
Total | _ - 50.6%
Other: = g' Crown /Rump. Hekﬂhtv - | 45 8% S,
- TAnkle to F]oor : ‘ 3.9% //// R

— Metatarsal/Phalangeal to Ank]e’;;;;//l/Bi// i
| “\\‘\\ - g i E '\\

The data from McCammon and Maresh was adgusted in accordance w1tﬁ
f1gures produced by P]agenhoef (1971) in order to compute the distance S
between the joint centres of the Timb’ segments ~The height of the ankle:
JOlnt off the f]oor was measured to be approx1mate1y 3.9% of stature
The: dpstance from the ischial. tuberos1t1es to the axis Pf rotat1on in.
the acetabulum was estimated to be 6% of stature.. As alresuTt of these-
adJustments, a set of segment lenqths, expressed as a percentage of stature, .
‘was compi]ed for use in mechanical computations (see Tadle 6). Another
1ever length 1nc1uded in Table 6 ﬁs the d1stance between the metatarso-
phalangea] and ankle joints. This d1mension also expressed as a- percent- .
age of stature was measured ‘to be am est1mated 7 8% of stature
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o The d1str1but1nn of body mass and the ]ocat1ons of the seg-
menta] centres of gravity for the mean man were assumed to be as re-

N ported by C]auser et al in Milleri et al (]973) The sum. of the masses
was\greater than 100%. A1l ratios, except for the trunk were sipilar
to ratios reported yn ther studies. The excess was,- therefore de-
ducted from the va]ue ass1gned to the trunk to yield 47.7% rather than
50.7%. The data 1s summar1zed in Tab]e 7 ' Lo

.

. TABLE A g T e

Segmenta] Mass and Centre\of\Mass\Ba§1os S - ?”k
' . h . ‘\f\\\\gf\\f\\\\\iﬁ;\\‘ o
- . Location of Centre of Gravity  ——-
o Mass as a Percentage from Proximal Border as a
Segment - - . of Total o Percentage of Limb Length
head . -7.3 ST e |
Trunk R Y0 A 38
" _Upper Arm S 2.6 .8l
~ Lower Arm .~ 1.6 b 39
*\\ﬁmeyig\\\\\;\\\;\\ 0.7 R 18
~ Thigh : 0.3 - Lo 37
Leg - ' 5.8 : ~ 2N S
Foot ** 1.5 45 | o
— 1 \ ‘
T T
- )”"1\; . - ) .
Rk D1stance from p]antar su;?aee\““‘“-~5“T‘\m4ﬂ



‘The Centre of Gravity of the Whole Body

The location of the centre of graVity has been ‘measured by many
researchers and all have concluded that, on the' average, the centre of
gr 1ty in the vertical plane of the male is located a distance equal to-
56% of stature above the p]antar surface of the feet. Of part1cu1ar \\
'1nterest to this study is the potential for the mass segments to move

. relative to the’ centre .of gravity as a result of chang1ng the conf1g-
uaration of the segments Swearington, as reported by Duggar (1962),
, conducted a comprehens1ve study of t is prob]em Swear1ngton found
that the centre of gravity could be uperiorally §h1fted as mugh as
29.2 cm. as a result of changing the configuration of the body from one
which maximally lowered it to one which maxifally raised- it re]atave to .
its pos1t1on when the body is in the anatom1ca1 pos?tlon :

I

Movement of the Jo1nts

The range of f]ean at the hip 301315 more than adequate for
any segment conf1gurat1on created dur1ng ‘the 11ft1ng movement. The range
. of extens1on, on the other hand, is severely 11m1ted by the 111efem§ra1
ligament. Kapandji (1970) and Steindler (T955) have both agreed that the
.ﬁrange of extension passed the anatomical position 1s ZO/HegreesAwhen the
knee is in an extended p051t1on and 10 degrees when the knee 1s flexed
Jo1nt can be forceab]y extended to. 30° degrees '. i . f'
\““\~-‘e\\\1he_range of extens1on at the . h1p Jo1nt can on]y be rncreased
'”_exaggerated 1ordos1s It is worth not1ng\\as KapandJ1 (1970) has po1nted
“out, that trained ba]ler1nas compensate for tlght h1p 11gaments by thting

the pe1v1s anter1ora11y o s

s
" .
i

, 'The range of, movemzni dur1ng forced f]exron is much greater
than dur1ng actvve flexion and can be as 1arge as 145 degrees Within
this range, the 1umbar 1ordos1s remains norma1 '

Q

K \

The
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The norma] range of dorsi fTex1on at the: ankle Joint 1s\between .

20 and 30 degrees while the normal range of p]antar flex1on fS 30, to 50
degrees (Kapand31, ]970) , Y SRR }lf \

-




Role of Intra-abdominal Pressure During weight1iftihg

The role played by intra-abdominal pressure dur1ng weTght11ft1ng
was first- exp1a1ned by Bartelink (1957) who was search1ng for an explana- -
- tion of why the vertebrae were not crushed dur1ng heavy 11ft1ng movements.
If moments of force are computed in the manner of Bradford and Spur]ing
(1945) loné finds that the act of 11ft1ng a relat1ve]y light we1ght will "
resu1t/1n a compress1ve force of 6,682 newtons at the 1umbo— sacral disc.
The swgn1f1cance of the magnitude of the load becomes c]ear when
_one rev1ews the fracture va]ues for vertebrae (Tab]e 8)

/

TABLE 8 !

Max1mum Compress1ye Force Requ1red to Fracture Lumbar Vertebrae -
, .= . \
e R ;:;LOAD B
Researcher L Newtons
Eie-(1962) . = " g0
Rolander & Blair (1975) = - - 3,008
Evans & Lissner {(1959) . 3,074
L T 6,014
“Bartelink (1957) 6,236

\ T

4

Barte11nk proposed that the abdom1na1 cav1ty acts Tike a ball
when the breath is held. Others have likened it to a rigid cylinder which
is support1ve along the 1ong axis of the trunk Intra- abdom1na1 pressures
have been. measured by various researchers and the results are summarized

“in Table 9. ) : ‘

h\ .,

The magn1tude of the support1ve ‘force generated by’ abdom1na1
pressure was computed by the researchers by mu1t1p1 1ug the area of the ;
d1aphragm by the pressure reading and it was assuMQd to act in a d1rection
‘parallel to‘the long axis of the 1umbo sacra] 3ofnt Morr1s et al (196])
";found that the abdom1na1 force reduced the vert1ca1 1oad upon the Tumbo-

- sacral disc by 30%. - N ‘

30

L




TABLE 9
Intra-abdominal Pressure‘Durihg Exertion

Highest Recorded

' . Pressure . ' DR =
Researcher ~{mm_of Hg.}\ "Remarks = ‘
Bartelink (1957) 140 Athlete - o -
’ 60 Non-Athlete
Morkis._Lucas et al (1961)" 172 Derrick Style of Lifting
| - 200 Crouch Style of Lifting
Eie & Wehn (1962) T 225 Athlete

125 Non-Athlete:

’

‘ It was argued that conf1nnation of the ro]e p]ayed by the
abdomina] cavity would exist if contract1on of the abdomina] muscular

~ ceased when an external support system was 1ntroduced Morris et al
-(1961) had their subjects wear a corset while 11ft1ng . The resu]t was

that e]ectr1ca1 act1v1ty from the abdom1na1 musc]es ceased.




CHAFER THREE . B |

| MECHANICAL CONSIDERATIONS B | i
If the information contained in the 11terature js correct, ‘ s
a s1mp1e mode1 can be constructed. which is capab]e of descr1b1ng the :
kinematics - of key phases of ‘the clean and jerk when appropr1ate
assumptions are made. The following general assumptions hold true
for all of the phases of the 1ift being exam1ned except the f]1£ht
phases
a) the body segments form a rigid 11nk system The'cprrect- v L,» ‘,__;

ness of this assumpt1on will vary between subjects and - _
.within trials for a particu]ar subject depending upon the I
weight being 11fted and the ab111ty of the abdominal
musc]es to’ form a 'rigid cylinder' out of the abdom1na1

' ' cav1ty

7). the 1nstantaneous centre of segment rotat1on at the Jo1nts
does not move but is f1xed re]at1ve to the segments forming
'/;/// ~a joint. 1In other words,_1t was assumed that.the joints
act as hinges. | ‘ . | '
~¢) TR,T, L and F respect1ve1y, represent the 1engths of
“the trunk, th1gh leg and foot segments where the foot ' R
segment is defined as the" 1ength between the ank]e and '

Yo

the metatarso- pha]angea] Jo1nts
d) the metatarsp;phalangea1fjointS'are fixed. : 5 \
e) »mOVement of the body segments is planar.

-
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L *The components of the model are illustrated in F1gure 7.
The trunk thigh, leg and foct segment lengths are respectively

represented by TRy T, L and F while the ang]es Y, ¢, 8, and ¥
respectively. represent ang]es at the hip, knee, ankle and metatarso-
is the hor1zonta] distance of the

_phalangeal Jo1nts The letter ‘'a’

h1p joints from the ankle joints.
e or1g1n of the X-Y co- ord1nate system.

A

"The metatarso pha]angea] Jo1nts

are centred at th

FIGURE 7 . | »
o

3

- B F1gurat1ve Representat1on of the Components
of a Model of the Clean and Jerk

phi.MQ,&-s&,é;?% ;%,;,;‘. sl
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parts of the mode] - First, the hip Jo1nt was

A

, The pos1t1Qn of the shou]der joint can be specified by the )
fo]]ow1ng tr1gonometr1c relat1onships B g \ '

‘TR siny + Tsin ¢ + L sin o + F siny (1)
TR cos y:- T cos ¢ +L cos 6 - F cos y - (2)

> =<
1l

3 The First Pull

J

"'The introduction of suitable constraints permfts'the adaptation\
of the above equations to important phases of the c]ean'and jerk The
'barbell moves vert1ca11y between the platform and the knees during the
‘f1rst pull.  Smithinunt (]974) M111er (]9;4) and 0" Shea (1969) have

all recommended the app]1cat1on of 11ft1ng force through contractlon
of the knee extensor musclies as opposed -to the extensors of the trunk
which act about the hip Jo1nts The hips should rise vert1ca]1y
throughout the f1rst pu]] ‘and the trunk should ma1nta1n a pos1t1on

‘paralle] to 1ts conf1gurat1on at the commencement of the 11ft

Three conistraints were placed uponSm;vement of the component
onstrained to move
vertically a d1stance ‘a’ from the ankle Jo1nt ~Second, the initial

: va]ue of vy had to remain unchanged for “the durat1on of the first pull.

Third, the va]ue of v had to maintain a constant va]ue equal to zero

- for’ the durat1on of the f1rst pu]] EER e

The two equations developed ear]ier‘to'describe'the positionf

of the shou]der Jo1nt ‘can be used to descr1be movement of the barbell

34

g1ven the constralnts 1mposed "Since the ang]es vy and y have constant -

o va]ues, the bar must move vert1ca11y in the. same way -as the hip joint
;5and since the hip Jo1nt can only move vert1ca11y, the position. of the
_'h1p Jo1nt in the vert1ca1 p]ane can be spec1f1ed by the eﬁuat1on

Y =T sino +."Lsin7_e N £ )

A
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The equat1on can be fakther simplified by wr1t1nq ¢ as a funct1on of 8:

> = arc.cos[h_ac’;_e;a] R "(4)”

.35

Values reported by Miller (1974) for o and ¢ at the commence- '

- ment of the 1ift were substituted:into equat1on (3) as were va]ues for
T and L developed elsewhere in this report in order to compute the
value for ‘a'. The angle of 6 was then allowed to take a maximum

“ value of 88 which, accord1ng to Miller (]974), is its value at the”
end of the first pull. Knee height was computed as the sum of the

unadjusted shank 1ength (24), the distance ‘of the ankle Jo1nt above the

plantar surface (3.9) and the thickness of the. sole of the boots’ worn
on the feet. It was discovered that the barbell cannot be displaced

above the knee Jo1nts under these c1rcumstances and that the maximum s

.va]ue which ¢ could attain was 46°

‘ In View of - the foregn1ng, it was theor1zed that the appli-
cat1on of force, as the result of contraction of the knee extensors,
would cease when the bar had reached the distal end of the patella.’
':‘Cont1nued vert1ca1 displacement of the bar would be effected by
extension of the ‘trunk at the h1p joint until the bar was in a

\ pos1t1on super1or to the pate]]a at wh1ch time the scoop wou]d commence

The Scoop Co o e '_ SRR

It was further theor1zed that the scooping action wou]d

“-continue until the hip joint had moved horizonta]ly to’ a position over -

" “the ankle joint at which time y .would have a value of 90° ; Cont1nued
*vertical displacement of the barbell during the scooping movement
wou]d have to be the result cf trunk extepsion.about. the hip Jo1nt
The configurat1on of the body segments at the end of the scoop would
~be similar to that which' is characteristic of the dipped p051tion
of the jerk

®

i
kY

ik i
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The Second Pull & Thrust Phase of 'the Jerk B

:
It was theorized that the second pu]l would be essent1a11y

the same movement as the- jerk except that the feet would be s]1ght]y

~ plantar flexed. The distance 'a' would be zero and the trunk would _
be vertiEa11y‘disposed; Displacement of the barbe]] in thé vertical

‘.pIAne would be the same as that_for the h1p Jo1nt

of the jerk, the thrust phase would be, character—

The trunk would be near the vert1ca
red insofar as 4ts .o F

_ In the case

jzed by a zero va]ue for 'a’

- and. thus angular rotation of the trunk cou]d be igno

contr1but1on towards deve]opment of vertical ve]oc1ty of the bar was

concerned. Vert1ca] displacemertt of the bar would paral]e] vertical o , ,

displacement of the ‘hips. Given these cond1t1ons, the vert1ca1 pos1t1on L .
of the h1p Jo1nt during the thrust phase of the Jerk can.be def1ned by

Y = Tsin-¢ +1L sin & # F'sin v (5)

where: ¢ = arc cos ELJ¥¥;11J_‘ o R - | v7 | ol

N

. T - _
’Predictioh of par Velocities By;the Mode]_

nta1ned in the Jiterature is correct,

If the 1nformat1on co
d by the bar - dur1ng

1d predict the ve]oc1t1es attaine

then the mode] shou
or v, ¢, 6 and v,

the d1fferent phasgs of the 1ift if express1ons f
ons 1 and 2 and its

" as functions of ity are subst1tuted into equat1 |
s1mp11f1ed versions™y prress1ons for the: joint ang1es were developed B . e

for the thrust phase of the Jerk An - explanation of the method used

-and the results tha1ned are qonta1ned 1n Chapter S1x




The 0pt1mum Full Sp11t Poswt1on

_ In any skill event, technique is put to optimum use when the |
skill is performed with the. greatest possible efficiency and, therefore,
least energy expended. It appeans to be se]f evident that. energy ex- .
penditure w111 be minimized if the bar is thrust. overhead by the largest
~and strongest muscle group in the body (the quadriceps) and caught at
arms length overhead by 1imbs which conta1nfsubstant1a]1y smaller and
weaker muscles.. In order to accomplish this feat, the athlete must, in
the extreme, either throw the bar to arms length dr-disb]aee.the“body‘
_'under ‘the bar in order to catch it at arms:length. Since both actions

are impossibie 1f max1m3m poundages are Eo be -1ifted, a comprom1se is
effected whereby the athlete uses the quadr1ceps to prope] the bar over—

37

head a d1stance sufficient to allow time for him to. drop under the. barbell!

Y

is character1zed by a forward leg whose shin is near]y vertical and .thigh

s angled 10 - 15 degrees above the horvzontal 4 F1gure 8 111ustrates ‘the

full split position where- ‘the. body segment 1engths are shown as a per-
.-centage of stature. . . .

V1sua1 observation suggeﬁts an opt1mum fu]] sp11t pos1tion wh1ch,j

/‘
Figure 8
Optimum Full Split Position
| o S
% =15 degrees
8 = 90fdegrees




A number of theoret1ca1 computations can be made us1ng the
~stick drawing of the fu]] sp11t position. It was convenient to perform
the calculations- using. body segment 1engths which were expressed as a
percentage of stature. The results could then be generalized to the
whole population of weight Tifters or could also be easily converted

- into specific values for a giyenjathlete once his ‘body height was known.

. The tota] d1sp1acement of the feet from their start1ng _
: pos1t1on is 65 un1ts of which 25 units represents the displacement of
~the anter1or foot.: As a percentage, the displacement of the front foot
1s 38% of the total of the two feet.

“’vThe;ve1ocitykgiven to the ban»during the.thrust phase of the
jerk-is dissipated by‘thetforce of_gravity once the bar has left the
~ racked pos1tion at the shoulders. The time required for the bar to -

lose all of its upward momentum is the amount of time which the lifter .

has to assume the full. sp11t peccition if he is to catch the. bar at arms
'length overhead before the bar commences its descent to {the platform.
‘In the full sp11t pos1t10n, the extended arms requ1re the creat1on of -
33 units of space (17 + 16): between the bar and the shoulders.while the
adoption of the full sp11t pos1tion creates on1y [26(1 sing)] 19 units
of space.. If plantar flexion accounts for an additional 3 units, then
11 units must be created by the thrust 1mparted to the bar '

l
I

_ o Subjects DS and ER are vetpective]y 157 and 160 cm 1n he1ght
Assum1ng the cond1t1ons outlined above, these lifters must respective]y'

- throw. the bar a distance of 17.3 and 17.6 cm 1nto the air. Assuming
‘free fall cond1tions, the requ1red ve]oc1ty 1n each case is 784 cm/sec;

:ngure(9 '

Computation‘of 'a’

a ﬁ;Tcos¢~—.Lcose
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CHAPTER FOUR |

EXPERIMENTAL METHOD AND PROCEDURE :
, : . RS

. The exper1menta1 1nformat1on conta1ned in this report was

gatheredfrom four substud1es which compr1se the total 1nvestlgat1on
into the clean and jerk. '

Sustudy #1 [
Purpose: . to'to]1ect general descriptiVe data from a
' large number of tr1a]s under compet1t1ve ,
: ciﬂcumstances ‘

to co]]ect information about the var1ab111ty of
performance which could be expected from
o ‘provinc1a1 calibre athletes. '

Procedure: twenty four of the best 1ifts performed at
the 1977 A]berta Provincial Champ1onsh1ps were
- filmed from a position lateral to the athlete ‘
at a distance of sixteen meters from the p]at-
L ~ form. The film transport speed was twenty- four\
;//5 frames per second and the exposure time was
1/280th of a second.

Substudx #2‘
\

number of trials under compet1t1ve c1rcumstances.
L AN

to. co]]ect 1nformat1on about’ the var1ab111ty of |
performance which couid be- expected from
national calibre athletes ‘.{_
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Purpose ,": to co]lect ‘general descr1pt1ve data from a ]arget-'

e
W




Procedure:

s

© Substudy #3
S Purpose:

Me thod:

N

displacement.

~ Two varvable speed _variable shutter Photo-
~Sonics #P] 16mm high speed motion picture

twenty-two.lifts performed'at.the_1977'Canadian
Weightlifting Championships were filmed lateral
to the athlete at a distance'of’5.82 meters.

- The film transport speed’was fifty frames per

second” and the exposure time was ]/475th of a
second. '

to co]]ect kinematic data in a 1aboratory test
session ‘with regard to barbel] and lower 1imb

i
A
i

’ tohtest thé“ualidity ot“the.mathematical models
k designed to- describe)the application of force to
the barbell. L L .

P
to co]]ect general descr1pt1ve data from a small

" number of trials performed by two athletes who ~
'are}of 1nternat10na] calibre.

cameras were used to photograph the clean and

- jerk from two vantage po1nts at r1ght angles to

each other The_anter1or camera, p]aced.

-right angle to the frontal plane of the lifter,

was located 15.47 meters from the subject whi]e_
the lateral camera, placed at a right angle to

the p]ane of motion, was located 12. 19 meters '
away. Figure 10 is a schematrc drawing of the .

layout

. ,//
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In order tc-obtain-as 1arge_an‘image as possible

and:minimize'perspective error, it was conVenient
to separate. the 19ft into {ts two parts for test-"

" ing purposes in order to zoom the camera in c]oser
than would otherw1se be poss1b1e The cameras‘\“‘\‘\—l
‘were p]aced at elevations which would be most

‘advantageous for_recgrdlng/th//mot1on of the bar

“when it was moang‘at a le to the opticalk”eﬁ

axis of the cameras. The anterwor "and lateral

. cameras were respect1ve vy at e1evat1ons of 78.74 cm-

and 74.93 cm for the clean phases of the Tift., T
corresponding e]evations for the Jerk phase were

"134 62 cn and 135. 89 ‘cm.

The fie]ds of view of the cameras were made'sma1]

“in order to produce a 1arge image. The" lateral
"~ and anter1or views spanned approximately 1. 22 meters :

in the vertical plane while filming the clean..
The corresponding fields during the jerk phase

were approximate]y 1.83 and 1.22 meters. The .
:depth of field for each camera did not encompass

the backgrounds which, - combined with a minimum f
stop sett1ng produced black backgrounds for each

 view. A silver bar-was used in order to- create _
~ the necessary contrast required for precise dis-
:p1acement measurements. / '

The SCa1e‘used in the anterior view was'the bar

'1tse1f asfboth the d1ameter and. the distance — S

between the knur]ing were known wfth prec1sion
Deviat1ons from the- exact va1ue were used to »”

‘1'est1mate the standard error of measurement and

the reliab111ty of the: measurements Each subject s

e




\ ‘1ifting belt was used as a sca]e in the lateral

t view. Angu]ar d1sp1acement measurements of the
1imbs. were computed with the use of a specially
designed ruler which located the 1ong ax1s of o

‘the body segment as it rotated.
The film transport speed was set at 102 frames . L
.'per second and both cameras were synchron1zed R VLU
through the use of. a strobotack. The Shutter
ang]e was set at 30 degrees with the result that = .

. the exposure time was .1/1200th of a. second. SR ‘
Ektachrome 7240 color f11m w1th an ASA rat1ng of '
125 was _used.. ‘

- ﬁf_.,w.._g;ﬂi,w_

A timing marker, generated by a s1ng]e 1nterga* 5
~electronit t1mer used for the film record, was
attached tc both cameras. The film records were

synchronized by chang1ng the frequency of the =~ - '\,}‘ ‘
timer from 100 Hz to 10 Hz after f11m1ng had o . f;~ ;i?
commenced. o R |

The ICSSCU sp11ne subrout1ne found in the comput-
1ng sc1ences Tibrary at the University of A]berta,
and ]east ,square best f1t polynomials were used ‘
to analyze the data for veToc1ty and acce]erat1on .
va]ues ' s

4Procedure: - Two subJects, DS and ER, were selected far the
_ - laboratory test session becauSe of the1r compet—
% . ance in perform1ng ‘the c]ean-u51ng the doub]e knee
"~ bend techn1que \ The subJects, from the 60 and
67. 5 ki lasses, were asked to perform four /,‘}" | e
cleans a u four jerks at 70, 80 90 and - 190 : B i
percent of their best 1ifts. If all four 1ifts - -
| \‘ - were successfully completed, the load on the bar =

N
N\




© “Subs tudy #4

Purpose:

Method:_"

Procedure:

. for the purpose.

“.

4

\was increased until a failure occurred.a'The .

subjects were allowed to warm up .in whatever
manner they chose and in whatever‘amduht of time
needed between 1ifts. Spotters lifted the =
bar to the subject's shoulders for the'jerk
test phase. o '
. “9.‘ ’

to obta1n angu]ar k1nemat1c data about the lower

1imb segments under competitive c1rcumstances :

in order to validate the information obtained

in Substudy #3.

One of the Photo-Sonics cameras used in Substudy ’

#3 was p]aced at a right angle to the plane of i-.;ﬂ
motion at a'distance of 9.14 meters and at a h
'hejght o7 .698 meters above the surface of the
platform. The magnitude of the vertical field

of view was approximately 1.22 meters.. The’film
transport speed was -30 frames pZt second and the :
_exposure time was 1/480thvof/a.second. ’ !

the subjects used in Substudy #3 were fl]med
at the 1978 Alberta Provincial Championships.
Markers were placed upon the lifting boots at a
.'point where the ankle joint would be in order to
‘ fac111;ate accurate data collection. Angular
displakements were recorded us1ng d ruler des1gned

o
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FAE " CHAPTER FIVE .
/. DESCRIPTIVE AND KINEMATIC RESULTS
; '
Yy
/

Tab]e 10 summar1zes the successful Tifts which were captured
on film as part of Substud1es #3 and #4 '

TABLE 10. . ’
Summary of Lifts Filmed As Part Of Substudies #3 and #4
Substudy #3  Clean (kg)  Jerk (Kg) ~ Remarks )
05 1 1200 110  *Anterior’view only
Ds2 //f‘ 130 o120 - o
DS 3 140+ - 130 . *Fail
DS 4 ©140* - 140% - *Fail E
o :x ?
ER 1 135 s | |
ER2 o1a5% - 135, *Fail o | B
ERGEY, 145 - 185 - S | - | -
ER4 155 ~155%; v *Fail | e j
Substudy #4 : " Cleah & Jerk (Kg) Remarks f\ ;
DS 1 . - 12000 - | . B !
‘bs2 . .~ 1300 ° ¢ T o !:
DS 3 5 - 135.0 = New Canadian record i'
ps'4 . _ 0 137.5 " New Canadian record (v
ERT Y 8.0 - | 3 H
CER2- o 1s6.0 S A -
‘\ o SR _' R .._" - Ch L e |
| ‘ . . : ‘ ot

) Subjects DS and ER are considered to be good 11fters from a.
technical point of view and both. hav% recently reached an 1nternationa1 s
1eve1 of competency The maximum lifts of both subjects are only'“




kiiograms away from the current Commonwea]th records ~ The lifters are
. 1n the-60 and 67 kiiogram classes respective]y R o

~

s

K o Two additional subjects were filmed as part of Substudy #4 as

jassourob qf additionai descriptive 1nformation Therefore, depending
‘upon the data contained a particular Table may report the results from
1ifts performed by two or four subjects. |

The findings from each substudy have not been separateiy re- -
~ported in the main because of the redundancy which would result.
~_ Rather, the headings found in the rev1ew of literature were used as
b, focal points fdr discu551ng the resuits from all of the Substudies
Where this format was not convenient or appropriate the - 1nfonpation'
was discussed separateiy ‘ T - '

Kinematic'information was not taken from the films shot in
o onjunction with Substudies #1 and #2. 'However, some ‘information was
‘ co]iected which was indicative of the tempora] sequencing of events. The
'nominai frame rate was considered sufficiently accurate as a timing mech-

anism and statistics were not deveioped because of the very 1arge variabi]-

ity found Probabiy the most unexpected result of the study as a whoie was
‘the variabiiity in performance under circumstances where one would have
_ expected con51stency - tndividua] differences notwithstanding Large
differences in perfonnance were expected . and found in the results of
Substudy'#i where the calibre of performer ranged from the high]y skil]ed
to the novice. However, variability ‘was expected to disappear at a \
' nationa1 1eve1 of competition ' '

o
v

By far the best examp}e of variabiiity of performance was “ound .

“to be assoc1ated with the. Jerk. If ideal form is as outlined in the
. chapter headed 'Mechanica}‘Con51derations , then the very strong Visuai ,
: 1mpre551on from the film—o? substudies 1 and 2 was one of lack of .
' competence It appeared'that the iifters did not know where the bar was

S
: when descendinq Under it and/or had not been coached in proper technique.
' Most faiiures occur in- competition during the Jerk part of the c1ean and

g:id
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R
jerk and the fa1lure rate at the 1nternat1onal level 1s Just as h1gh
as it was.at the nat1ona. level of competition. Var1ab1l1ty in perform-

“ance existed between 1nd1v1duals as. well as within attempts of a s1ngle
performer B lm , S .$ ‘

General\DescriptivgéResults
"~ The Star ing Position' : ,
The start]ng pos1t10n exh1b1ted a: large var1ety of body seg-
ment. conf1gurat1ons and the number and magn1tude of the variations seen
in competition seémed to increaseas the calibre of athlete participating
increased. Most ‘competitors assumed a posmt1on in accordance with that
which is - recommended in the l1terature ‘The width of the feet never
exceeded shoulder width, a hook grip was used by all and the shoulders -
"were pos1t1oned ahead of the bat. There were a number - of exceptions to
the forego1ng, however A number of competitors<at the ‘Canadian Champion-

ships assumed a startlng pos1t1on character1zed by shoulder placement over

or even behind the bar. One Tifter swung back and forth. ﬁn an ‘appargnt
attempt to put the extensor muscles of the Tower 1imb 1nto a prestretched
conf1gurat1on in- order to. generate more contract1le power from them

The variation found suggests that the configurat1on of the body
- segments at the starting pos1t1on is not of 6ruc1al 1mportance although
coaches place great importance upon 1t,»:The film analyzed as part of -
this study supports this concluSiQn.‘i : ' T ’

The First Pull'

Bar Off Floor Pos1t1on

All of the l1fters pulled the bar off_ the floor as opposed to
jerking it off. Slow motion analysis revealed a}noticeable change in '

‘body segment'configuration once the 1ift had been'initiated The shoulders

moved to a position over the bar and the leg and thigh segments became

}more vertically d1sposed while the trunk became more horizontal during
the first few hundredths of a second It would. thus appear that the

- body makes its. own smatﬂ adjustments to the_ load being lifted regardless
~ of the posltjon adopted - in the starting position. -

oA
'




Once the body had begun to 1ift the we1ght and the 1nit1a1 \ o
configuration adjustments had been made, the bar was 11fted by ex- . |
tension at the knee and hip 301nts such. that the h1ps rose vertically
while the trunk maintained 1ts position re]ative to the horizonta]

. A phenomenOn not reported in the‘literature and one which
cou]d only be c]early seen in the high speed laboratory film of
' Subs tudy #3, was noted as the bar approached the knee high position. . \ '\
When the bar was opposite the patella; the h1ps momentarily ceased their '
vert1ca1 motion; that is, extension at the knee joint stopped. Con-
t1nued vert1ca1 d1sp1acement of the barbell was effected by extension at

 the hip Jo1nt Th1s phenomenon lasted until the scoop1ng action was -

- initiated. . AR S ‘

Knee H1gh Position: ﬁ, R Lo R 3;
This position did not coincide with knee height ‘but was found
to be s]ightly above the superior border of the patella. As noted above, _

the on]y segmenta1 motion in evidence at this pos1tion was trunk extension.

~

| The' Scoop . x'" | - ’ . . o \

when the bar reached the knee high p051t10n, the scooping motion
' \commenced The angular motion of the trunk. continued as the hips began to-
rotate towards the bar and the leg began to rotate. anteriora11y The
position of the ankle joint remained fixed during the initial moments of
the scoop but when the angle 8 decreased to approximate]y 80° “the position
of tﬁe 1eg became fixed relative to the foot and both leg and foot rotated
together unti] p1antar f1exion had reached a value of approximately 15°
Rotat1on of all of the segments continued until the bar on. thigh pos1t10n
was reached

The Second Pull:
The Bar On Thigh Position:

The ‘bar on thigh pdSition marked the beginning of the second pull
. B “\\“ .




~

phase of the 11tt and itAoccurred with e,definite‘coilision betweih_the
.thigh and the bar. The col1ision has been described as a "brusping"
together but visual evidence from the film suggests.thet,"col]ision"

‘would be more appropriate. ‘The trunk rotation exhibited during the scoop

continued as thiﬁbar passed through the bar on thigh position al though.
at ‘a much 1ess§r\rate and -rotation did not cease until the. trunk had
extended ~approximately 10 degrees past the vertical

. | @% |
. At the bar on thigh posit1on the knee joint commenced extension
' 'whi1e the Jifter rema1ned\on the balls of his feet. At this moment  _
the barbellwwas just below the level of the crotch. The subjects used in
Substudies #3 and #4 tended to extend verthca]ly from this point through
- to the full extended pos1t10n However, greater rotation of the trunk
during the second pull was exhibited by many 1ifteis at the Canadian
' Nationel Championships ‘As extension neared: conpletion, the feet plantar-
flexed a further 5 - 10 degrees - Sy

. . . A .

~

j\ _ " The Full Extended Position:

Ful]”extension of the‘body was found to-almost neuer occur as
‘there was always slightly less than 10 degrees of flexion at the‘joints.
~ The angle Y at the hip Joint had passeg through 90 degrees for a11
subjects. '

|
i
|

Once the. fu]l extended pos1tion had been achieved there tended

to be. a slight paugg%%gsting approx1mate1y 5/100th's of a second during -

which time the arms were observed f1ex1ng However, elevation of the
shoulders was not. seen. " The pause has been referred to by some authors
_as the ' top pull' where the weaker musc1e groups in the arms and shoulders
-apply force after the large muscles of the thigh have completed their
action, o ’ ‘

Tthe Bar High Position: \

i .

‘The -bar high position occurred after the second pull had ended
' and at a]most the exact moment of rep]ant ur1ng the sqaat. phlte\ oftithe

|




Tift. The less ab]e and 1ess experienced athietes pulled the bar much
higher during the secqnd pull and as a result, the maximum height
attained was higher also. " Data from the Alberta Provinc1a1 thampion-
ships (Substudy #1) illustrate this point (Figure 11) The absissa
may be regarded as an ability scaie because it is a measure of the
“amount of weight being 1ifted At contests such as these -all weight
classes 1ift together -and the bar 1is progressiveiy loaded. Thus, the
more capable lifters tend t0'1ift'1ast Referring back to the _ o
graph, a generai trend towards a Tower bar high p051tion can be seen |
-as the weight on the bar 1ncreased The lowest values, which have: been
shaded, are the values for the two subjects used in Substudies #3 and
#4."
, The g%r high position in Substudy #3 depended up n the.
magnitude of th load being Tifted and it ranged from a po ition Just
be]ow the be]t to one slightly be]ow the levei of the hip j01nt '

~ Figure 1
Ba High P051tion 1977 Aiberta Championships

=

. (Belt)

Bar High Position

~ Amount.of Weight Lifted




,TheiSquat Phase; o ' S - . R \

v

The descent 1ntolthe full ‘squat position was 1n1t1ated by flexion -

. at the knee and ankle joints followed by . orsplacement of the feet off the -
- platform. and hip flexion several hundnedths of a second later.  Flexion
at all three joints continued unt1l an andle of approximately 90 degrees
at the knee joint was reached at wh1ch time flexion at the three joints .
ceased ‘The l1f%€r//hen fell under the influence of-gravity to the
platform without changing the conf1qurat10n of the body segﬁﬁ@? " Once- -
contact had been re- established flexion cont1nue! unt1l ‘the. thighs were:
approx1mately parallel to the floor whereupon d scent ceased unt1l the
bar was racked at the shoulders . The body and bar then descended to the
full squat position from wh1ch the lifter recovered to an erect stand1ng :
position (the preparation for Jerk position). '

_The bar was situated between the ggpoli and the-clavicles upon
re- establish1ng contact with the platform. X he trunk then descended
‘relative. to the bar until the elbows Were d1rectly under the bar. where- =

upon relat1ve motion ceased, The bar was then above the clavlcles Bothi;,

the barbell and the athlete continuved to descend at the same rate until
the. thighs approached a posit1on parallel to the platform. As already
described, the lifter ceased his deéscent 1n order to allow the bar to

settle onto the shoulders o |

~

An attempt was made to compute. the average veloclty of descent
1nto the full squat pos1tion in order to compare the resultant value w1th
those prov1ded by 0'Shea (1969) The time taken by the subjects wis _
approx1mately double - the value of the times_reported in the literature
Term1nation of descent was. then redefined as the moment when the shoulders

eased their descent and the 1lifter waited for the bar.. The heaviest
-'l1fts performed in Substudies #3 and #4 were analyzed and the resultant
average velocities were still equal to or .less than those characteristic
of the 'good' lifter in 0'Shea's study (see Table 11)

f

-




" TABLE 11 S S s

Descent Ve]ocity‘Determination During the Cleas.

N o} .
B ﬁ - A\zerage \{e]gmty -
Trial tance - Jime - cw/ggcohd v
T :: N JE29 2 . Gh - . 'Z%

‘Substudy #3 - SR
: ER T 82g 386,

Substudy #4 DS 40
T ER 36 . Bl 154

&

‘ It is 1nterest1ng to note that the descent ve10c1t1es were
much lower in the 1aboratory session. than they were in competitlon '

The Dip:
Preparation for Jerk Position

‘Foot placement varied somewhat but it never exceeded shoulder

The body was always held erect as possdble to the extent that
The arch

N

width
a not1ceab1e arch to the thoracic cage was evident in Some.

"* had the effect of displacing the head poster1ora11y and thus part1a11y
e]lm*nating it as an obstacle to the bar when jerked A determination

of the‘mqnner of support at the shoulders was not made but since ‘the

angle of the upper arm to the horizontal tended to be near 30 degrees. B

it was assumed that the bar was held in Hise's second posit1on (see

the review of_11terature,- the Preparation‘for Jerk Position on page 14).

The aCtua]ldippinp motion also varied.

at the Canadian Championships left the bar behind when dipping with the

{

41_._4..4 -—-.—.sn-h-’\-N w&‘\-&«}ff i:_?__‘.‘..: s

A'numbernOf lifters




result that a gap was clearly visible between: the bar and shoulders.
As a general rule, however, most dipped at a moderate speed and sthe
‘displacement of the hip joint tended to be vertical. The subjects
.used in Substuqy #3 dipped{vertica11y as’ can be seen from.Figure 13.

The Dipped'Position:

Figure 12 tabulates depth of vertical d1sp1acements from
Substudy #3. The depth reached by each subject exhibited a s]1ght
tendency to increase as the amount of we1ght increased, The va]ue

recorded 1n every trial was greater than that recommended in the Tit- -

~erature.
. FiQUre 12
MGQNitudeiof Vertical Displacement During Dip -
 (Substudy #3) | o
- o o R ““:
© Subject - R,
| D1 » N , : T 17,29,
o2 . ERIALE
03 S P A% §
U . 20.16
| £l B L1837
. B2 SR P9 3
B ' . 18.60
E4 R N
»\
The Thrust

After a momentary pause in the dipped position most lifters

#

commenced the thrust phase of the 1ift with a stight. disp]acement anterior-

a]]y In every case the knee was initially extended by moving the thigh




only for a short per1od of time after which the leg ‘commenced i ts
angular motion. A great de&W of variability was found amongst the
athletes attend1ng the Canadian Championships but, in contrast, ‘the
subjects used in this s tudy exh1b1ted vélrtical. trajectories (Cee Figere
13). Once under way, the act of 1mpa ting thrust to the bar was.
'accomp11shed by first extending simultaneously at the knee _and-ankle
joints and then p]antar f]ex1ng as the end of the range of mot1on
neared. -

The Full Extended Position: » » R \

Just as in the case of the clean, this pos1t1on marked the
~end of the application-of thrust by the large muscle groups. The full
extended position was typically held for a few hundredths of a second
after which flexion at the ki :e of the anterior 1imb marked the beginn-
ing of -the descent into the full sp11t position. Unlike the clean,
however, on]y the anterxor foot was in contact with the platform at
| th1s t1me because the rear foot had: a]ready begun 1ts d1sp1acement
poster1ora11y -

The displacement pattern for,the'jerk was very uniformt Point;
CA&SB respecfive]y represent ch moments in time when displacement of the |
rear and front feet began. A straight line marks the location“of the
11fter s hairline along the forehead while standing in the preparation for'
jerk position. The data/1nd1cates that the rear: foot commences its
posterior. d1sp1acement when the bar is approx1mate1y chin height or Just
below. The front foot commences 1its anter1or d1sp1acementrwhen the bar

5 in the v1C1n1ty of the nose. ‘ :

The Bar High Position: - 5 |

A review of Figure 13 indicates that the final resting place

Jr the barbé]l at the end of its upward trajectory is a point at the i

;op"of or siight]y above the top of the'head When a relat1ve1y 11ght
weight was being handled the bir high position was 9. 15 ¢ém N '
above the hairline. Otherwise, the bar high position tended to be
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“located near the top of the head.

The Split:
_ Of all the phases of the clean and jerk, the split phase ex-
~hibited the worst form if ideal form is-as descr1bed elsewhere in this
’report Many competitors at the Canad1an Champxonsh1ps appeared to have
‘no idea of where the bar was or what to do with their feet. The result
-is all the more aston1sh1ng wﬁ%n it 1s rea11zed that many of these same“’
‘athletes were nat1ona1 champions.

F]ex1on of the kneé of the anterior 1eg always proceded
lanter1or displacement of the foot. --Thus, the splitting, movement. did not
coincide with the. be91nn1ng of the ‘descent of the body into thleull sp11t a
pos1t1on Further the rear foot rep]anted 1tse1f well ahead of the ant- o
‘er1or foot in the maJor1ty of cases There were a few exceptions and A
subJect ER was one of ‘them. ' .In his case, both feet tended to replant o
'themselves s1mu1taneous]y Increased hyper-extens1on of ‘the back was )
not observed dur1ng the split phase of the 11ft

Q,

The Fu]l Split Pos1t1on

A

The front oo%‘was found to point forward or med1a11y wh11e the
rear 1eg remained rigid and extended. Recovery was initiated by moving.
the. front 1eg back one. step while the rear leg remained stationary\ The -
_'rear leg was then brought forward V1sxon was stra1ght ahead and the
bar, head ﬂ@ﬁpu]ders tended to lie in the same vertical plane when v1ewed
-JateraIW;; % L '

>

“u;«,x

The body segment: conf1gurat1ons were sfmvlar to that theor1zed

© 7 in the mechanica] relationsh1p chapter of th1s report, However Figure 14

“’presents fbot displacement data taken from Substudy #1 as_ an 111ustrat10nv
" of the var1at1on 1n foot p]acement wh1ch tan be expected relative to

- their position at the start of the dip. The anterior d1sp1acement of the
forward foot from its starting position as a percentage of ‘ the tota]
idﬁsp]acement of both. feet has a]so been shown ‘ '
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Tab1e 12 d1sp1ays d1sp1acement values for the 11fts recorded
in Substudles #3 and-#4. The values are in the same range for all of the -
studies but . the means differ slightly. hg rounded mean for Substudy #1

{

was 40% while for Substud1es #3 and #4, it was 44%.
. / ' )
A Pearson Product Moment Corre]at1on computat1on was carried
out for the values of the d1sp1acement and the angle of the thigh. A
‘value of .22 was, found. S1nce a mechan1ca1 analysis 1nd1cated that
there is a d1rect re]at1onsh1p, it, must be concluded that in actual
practise, var1ance ‘due to other factors 'so overwhelms the re]at1onsh1p,»
that the correlatlpn between the two is comp1ete1y 1ost

| TABLE 12

Anter1or Foot P\acement ~ Full Sp11t Pos1t1on :
(Substudies #3 & #4)

C e . . 1

v . D1sp1acement ‘a¢ a Percentage
- Trial ' w = . of Total

Swbstudy #3 DSV - o4
| DS 2. . a0
DS 3 | | 53 )
DS "4 - 48
ERT | a2
ER 2 s
ER3 \ 347
N . : 4y
. . ) \
Substudy #4 - DS 1 T AR V)
. , ps2 - ,,4\ 43
| s 3 b A - 43,
BRI S ~ B 1
R 1 A

L ER2 e

z
e
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Paths of the Bar, Hip and Shoulder Jo1nts and .Their Re]atlpﬁsh1p :
During the CTean i

e

Figure 15. 111ustrates the paths of the barbell of the success-;'..f

fu1 c]eans performed as part of Substudy #3. A1l of the cuﬁies exhibit
the same general form as those found in the 11terature A strxkﬁng
feature of the plotted paths is the un1form1ty of the pattern of ﬂﬁa

- from one trial to the next. Each 1ift ternded to have the same bar h?gh”fﬁ

]:pos1t1on and the magn1tude of posterior disp]acemenp during the f1rst
pull was identical. in each Case.

A]though similar in form, the curve of BS d1ffers in detail .
from that of ER. Poster1or deflection is not as great,but anterior
deflection during the second pull is larger than the‘eorrespohding
va]ues for ER. A]so the bar high pos1t1on is. anter1or t% the'starting

~ position ‘of the bar. '

'
- LacH
[

©. Maximum horizonta] dwsplacement exceeded thatgpf Rigert in al]vf

cases. It is apparent\that horizontal movement dur1ng the  second pu]]
is the result of the 'brush]ng act1on ‘at the bar on thigh position.

In view of the lower d1sp1acement va]ues for R1gert th1s athlete must
-perform the scoop with 1ess contact w1th the bar.

| . . a

. : \
The vertical paths of the bar, shouldecs and h1ps were a1l

similar but not identical to those reported by 0 Shea (F1gure 5). The

. displacement curve of the shou]der JOlnt did .not possess the hump at
" ‘B’ and the d1sp1acement durve of the hip Jo1nt d1sp]ayed the same :
:‘general form as that of the champ1on Tlifter except that 1t decreased in -

f .

value just before peak1ng at 'C‘ N

(. ) . L ."_ |
R
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Lifting in Terms of Joint Ang]es ﬁw:~—

N | The results of Substud1es #3 and #4 have been tabu]ated below

in Tables 13 and 14a and 14b.

TABLE 13

Exper1menta1 Compar1son in Degrees of Joint Ang]es for Clean
(Substud1es #3 & #4) R -

~

POSITIONS

n‘ .

Bar Off Floor Knee High On Thigh Full Extension

A. Ankle (8)  #3 66 83 68 C 82
T 64 ' 86 70 83

B. Knee (¢) #3 30 63 61 67
. #4 29 63 ~  63. 79

C. Hip(y) #3 Ry AR~ R L 91

#4 26 34 o 720 97

s

\\

: The pattern of the doub]e knee bend can be seen in tenns of the

values of the angles at the "ankie, knee and hip joints. . The ang1e 8 -had

an initial va]ue 1n the mid 60 degree range wh1ch 1ncreased by 20 degrees
at the knee h1gh pos1t1on and then decreased by 15 degrees by the end of
the scoop. The said 15 degrees was recaptured at the: ful] extension
pos1t10n The ang]e ¢ "at the knee had an. in1t1a1 average va]ue of 30
degrees which doub]ed by the t1me the - knee h1gh position had been reach-
ed. The new va]ue was in the 1ow 60 degree range and was maintained
through the scoop The ang]e ¢ had increased by a further 20 degrees

.by the time the full extended positIgn had been reached. From an initial
value in the mid 20 degree range the qng1e.y increased to the low 30 .
degree range at the knee high position. Commencement of the scooping
motion caused the value of y to increase by 40 degrees to the mid 70

@

L i kSR it P




degree range at thé bar on thigh position. The value of y increased by
another 20 degrees to produce an angle whose magn1tude was in the- m1d
90 degree range at fu]] extension :

TABLE: 14
(a)

Exper1menta1 Comparison in Degrees of Joint Ang]es for Jerk
(Substud1es #3 & #4)

Dipped Position  Full Extended Position

‘A, 51 : 78

53 - 81

8. B A -

| .48 8l
C. -81 © . 8#d’

83 | . 88

Angular D1sp]agement ‘at the Ankle, Knee & Hip Joints
During the Pull Phase of the Clean.

Utilizing the Double Knee.Bend Technique
&
100
\ , == Angle & at ankle jointb
i © . —.— Angle ¢ at knee joint
.9 50 —— Angle y at hip joint'
o ' '
[J] .
o
0 .42 .56 .7

Time (sec;f

A it o it




Kinematics From Substudy #3

_ The edges be tween the knur]ing‘On’theibarbe]1 are a known

~ distance apart and can be seen in the anterior view. Repeated measure-
ments were taken of these landmarks and the mean value was used as a
scale in subsequent computations of displacement of the barbell in

the vertical p]anej' Maximum variation from the mean never exceeded

14, o
‘ (:) .

Dfsp]acement points were taken at .021 second intervals
and were smoothed with a cubic spline curve which was differentiated
to prdddce\velocity and acceleration values for each point A Ch'ii
Square goodness of fit test was used to compare the smoothed and raw
-data po1nts The fit was found to ea good one as the data 1n
ﬁTab1e 15 demonstrates.

&
 TABLE. 15
X2 Goodness of Fit Test for Spiline Curves =
. ) (Subs tudy #3) ' ‘ ! _
S o : S \\.
CLEAN o . JERK SR
Trial 'XE_ Critical Value(p=.001) 53_ Critical Value(p=. 001) °
D1 3.68 86.661 2.48 - 56.89
D2 499  8.661 . 3,03 56. 89
D3 T - .. 391. - 56.89
D4 - S - 434 . 5689
\
Bl 3,73 . 86.661 2,63 5405
E2 . 2.78 - - 86.661 L h | |
E3 4,82 . . 8.661 671 . 5405 f

E4 | - R .75 ©° - .58.30

frams
=3

Y




The smoothed d1sp]acement points and the correspond1ng

velocity. and acceleration values were graphed and are displayed 1n’
F19ures]6 through 22. Table 16. summarizes pertinent veloc1ty in-
format1on and compares it to values found in the 11terature

. TABLE 16
-Velocity Parameters for the C]ean and Jerk - Substudy #3
\ (cm/sec) | , } .
CLEAN - JE;&K’..’
Trial Knee High Position Peak . ‘ Peak .yﬁ;J" FP
DI L K - U 146
D2 110 122 136
D3 Y | 99 (Failed) 29 - .
04 106 - 105 (Failed) 122 (Failed)
IR (A o R o
gz S 0102 127 . - 126 _ e
3 0 no | 127 s
- | _
E4 92 \113 (Failed) 22 (Fa11ed)
'Literature Average - Average Average - S
Ono 62w S o137
" Whitcomb -~ 61 [RE . 144
Rigert 137 - 157 I
Garhammer - 145 \ \ 148 \ o S
o - IR 4 - -

'\l

_ The exper1menta] results for the\Jerk agree with va]ues
found “in the ]1terature With regard to the\clean, va]ues produced
. by Ono (1969) are greater than the experimental results while the va]ues '
obtained from the. study of Whitcomb (1969) are less in the case of the
“knee. high pos1t1on and in agreement in the case of peak values attained. \
It should be noted that five of the eight values for the knee high
pos1tion fall within two standard deviations of Ono's mean. Only

two peak va]ues, however,\are within two standard deviat1ons of Ono's .
‘ . : | '




mean for that parameter.

‘Caution must be exercised when making direct;comparisonsf
with results in the literature. The ‘change in style of lifting.
which has taken p]ace over the past few years has caused direct com-
parison to become. a venture full of risk. " It is a virtual certainty
that both Ono and Whitcomb examined a var1ety of sty]es which resembled
the double knee bend techn1que in varying degrees. Second, the degree
of mooth1ng performed by. these researchers is unknown and further,
_ th fact that both used averaging techn1ques guarantees d1fferent
',res ]ts even 1f the lifting style had been the same. '

<
~

of more_interest isﬁthe pattern of velocity values y1e1ded

e eight clean trials. SubJect DS failed when the velocity ‘at the

““knee high position went below 105 cm/sec whereas subject ER was sucess-
ful until it went below 1071 cm/sec - This is an. 1nterest1ng resu]t be- \
cause subjective Judgement wou]d rate DS as be1ng the s1gn1f1cantﬂy |
superior ]1fter from a technical point of view while, on the other

| hand, £R is. c]ear]y the stronger of the two.. The peak velocity values
are remarkab1y s1m11ar for the first two trials. SubJect DS failed
..when ‘the veloc1ty was less than ]05 cm/sec. Subject ER, on the other

'"idhand‘ was successful at 110 cm/sec but fa11ed on his last 1ift even

| though the peak veloc1ty was 113 cm/sec

eby

_ .The ev1dence suggests that w1th in reason, the ve]ocity of the
“har dur1ng the first pu]] is not of crucial 1mportance Rather, the
funct1on of the f1rst pull is to place the bar in a good pos1t1on to

. scoop - from The opp051te is true for the second pull which is a powerfu]
'poswtion to pull from if. the correct bar on thigh position has been
:attained - It is net unconmon fo& a good lifter (from a technical point
of v1ew) to be ab]e to rack more wg1ght from a hang position (bar on
,th1qh posit1on) than he @an accompTish from the f]oor

: : ,
-The ev1dence a]so suqqests that correct execution of the scoop
is crucial for successfu] performance of the cTean. An examinat1on of
bv,thFSdata from Substudy #3 revealed fal]1nq ve]oc1ty patterns as the

~
>




scoop progressed when a cubjeet failed to clean a weight. In one 1nstdnce

.“(E3) the falling pattern was reversed and the 1ift saved. The tide was
also reversed in the case of trial E4 but this was due to chang1ng the

- attempt to a dead 1ift from a c1ean ‘As a result, the subJect was unab]e
to effect. tpe seceﬁd/pu1] and thus the c]ean attempt failed.

pd

" Power Generated During the Second Pul] and anust Phase

The maximum.barive1ocity:valueé‘for the;secdnd'pu11 and thrust
phases (Table 16) were used to calculate the poner generated'in-thé»vert1ca1
‘.p1ane byvsubjects ER and DS where power is defined‘as'the product of f6rcev
and ve1oc1ty Total power in the vert1ca1 plane was computed as the sum
of the works performed on the barbe11 and the centre of graV1ty of the
athlete divided by time. The values computed have been d1sp1ayed in Table
17 as have comparab]e values for world c]ass we1qhtl1fters of ‘a similar size.

Table 17 T \

Max1mum:PJwen in Watts Deve]dped
o During the Second Pu]] and Thrust. Phases '
- g of the Clean and Jerk
(Substudy'#3) |

Trial | Second Pull’ Thrust Phases - Literature
' Load (kg) 'Power " 'Load (kg) Power p(Mean)
DS1 120 2434 110 2432 K \ .
ps2 - 130 . 2272 120 2399 : | "
ps3 . - - 130 2402 (2336)
. »DS4 -‘ " o S | IR
BRI . 135 | 2633 125 2578
ER2 - - == - 135 2494
eR3 145 2638 145 263 (2336)

ER4 155 2393 - -
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Figure 21
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,ﬁxtended the movement of the centre of gravity would be- expected to | ‘ \ 3
~ be similar to that of the barbell. . The results appear to bear this | !

: // f | ' | \
~ The veldc1ty of the centre of gravity-was assumed to be the \ L
same as that of tne barbell. This assumption was necessary because it
was not possible to develop a time-displacement curve describing its ' 3
motion. The assumption probably does not introduce gross error. Since ) '\
the phases examined involve displacement when the body is relative]y - o \

conclusion out. Values are similar for the two phases examined and i
to va1ues found in the literature
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CHAPTER SIX

MECHANICAL ANALYSIS ~ o

Angular Displacement Functions for Limb Segments . - \

The plates on ‘the ends of the bar blocked direct view of either

~~ the hip or knee joint throughout the pull phase. Repeated measurements

indicated that joint angles at the various defined positions of the pull
could be measured with acceptable consistency for descriptive purposes
but that the level of accuracy was not acceptable when the purpose was
to develop time functions which described angu]ar displacement - Functions
for those joints, therefore, were not developed..

> In the case of the jerk, angular displacement functions could
not be formulated for piantar f]exion from the data gathered from -Subs tudy

#3- due a8 “f‘fgge size ard boor 1tghting around the feet. Angular
; herel could not be substituted into the models for validation

T TR
purposes, S nce tﬁe subjects used in Substudy #3 were also.part of Sub-

~study #4 and the magnitude of the weights they handled were similar, -

functions developed from Substudy #4 were substituted into the modeis
: i ‘ : . 1’, a . -
Angu]ar di§p]acement data from the fi]m record of the jerk

from Substudy #4- was differentiated for veloc1ty and acceTer:Sion values.

" Each 14ft was ana]yzed three times and the average was used in the

formu]ation. An exampie of the data recorded is contained in Tab]e 17;
Variation‘from the mean averaged approximate1y~one ha]f degree. = *

Least square quartic and cuﬁic functions were developed from
the data.» -An, anaiysis of variande sub. program accompanied—the least

’,; square program - The value,of 'p' associated with the functions for e

S

and ¢ never exceeded 0 0001 whi\e the ' p associated with v attained a

maximum value of 0 0072 “A-function for v was: not formulated since. o
according to the mode1 the contribution of Y is negligibie . "'\
, _ . X . , L
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_ Graphs of the smoothed angular disp]acement points and their

~derivatives are 1lustrated in Figures 25 through 27. The 1east\square _
curves did not generate zerb'derivatives at the commencement of -the 1ift
and the result, therefere, is distorted-values until the 1ift is well
undenway. The displacement pattern changed slightly as the load being
Tifted increased. 1In all cases, extension at the knee joint commenced
before extension at the ankle joint.

o Time functions for ¢» 8 and y were substituted into equat1ons (1)
' ndw(z) of the model (page 34) and into equat1on 5) wh1ch is a simp11f1ed

Peak Bar Ve]oc1ty Durinq the’ Thrust Phase of the Jerk
- Yielded by the ‘Model - Substudy #4- ’
o v_ : (cm/sec )
. b g& , : . o Successful:
(A - T Simplified Values -From -
. Trial . Model . - =~ Model - : _ Substudy #3 -
o LD VA 1.1
D2 0 e 136 -
g D3R 126 T e o~ 129
ENE 2 R i - o A o ‘ S N ) : . i
e D4 . . hs-105 . .34 - = PR
, - T SRS ‘ |
E . 10 - 133 . 168 . - 131
E2 h nmz o o 26
;‘Y; T , - In a]‘ but thebheaviest of lifts‘performed by DS, the velocity
' of the bar peaked either efore or c61nc1dent with plantar flexion. ' , R
It 'would appear, in v1ew of this-finding, that plantar flexion does not IR I
contribute to the thrust\app11ed to the bar 1n circumstances where the - - o 4ﬁ
L . . - : . oy ~. . : -
. e ' : | e Y oY
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bar is light. 1In the chse of trial D4, a second peak occurred after
plantar flexion had been initiated. Sinca the model describes the
path of the bar only while in contact w th the shoulders, it is not

clear whether or not the bar had lost contact with the lifter. The v

same twin peak was produced as part of tria] 1. o f§§

The angu]ar funct1ons for the thigh and leg were such'that
the model produced horizonta] movement in évery case and add1t1ona1
horizontal velocity was added when the feet plantar flexed. dn view

of the vertical d1sp1acement cuvves traced by the bar as séen from the -

side, it appears that trunk rotat1on is of sufficient magn1tude SO as

to offset unwanted horizontal movement. Hor1zonta1 movement of the
hips appears to be a normal movement and if not compensated faor, a .

horizontal velocity component can be easily transm1tted to the bar.

A re-examination of the film produced as part of Substudy #3 indicated
that failures, resulting from forward displacement of the bar, were
characterized by the absence of significant trunk rotat1on.

Nith the except1on -of trial E1 and E2, the s1mp1if1ed model
produced .results which were very comparable-to the actual ve]oc1t1es '
computed for the 1ifts comp]eted in the 1aboratory test session and
represent additional evidence that the velocities computed for Substudy

#5 are correct. _As explained. prev1ous1y. the. comparab111ty of the -

t_ values was expected Subject DS. demonstrated ‘a high degree of con-.
.'sizfency in other aspects of the 1ift (as did ER) and Garhammer (1978),
" Sh&k

1r11anov (1974) have provided evidence of high 1evels of consistency

by highly trained weight lifters , , ‘\

\

The 1esser degree of agreement. between the predicted and the ;f 'aﬂb,/.ﬂi

actual ve1bc1t1es for ER can be. partially exp]ained Plantar f]exion

-was of such short duration that it could only be. seen 1n four frames.

Thus, - there were’ 1nsuff1c1ent data po1nts for the formu]ation of anything

-,‘except a second or third.degree polynomial. A quartic expression 7ppears :
_to be more. representative of the movement. = L
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Maximum Dipped Position , = ;
% BEN . . ) ) - ) \ . Wy - Mé
Given a maximum range of movement for dorsi flexion of 30 =

degrees and the cohstraint that the hip joint must mové'on]y in a
frontal plane which passes through the ankle Jo1nt the m1n1mum
value which 6 can take is 60 degrees. The m1n1mum will be Towered to )
55 degrees if 1ifting boots with-a half inch heel are worn. The value
of - ¢ "which, ih'terms of the'model, corresponds to a value of 55
degrees for o, is 56 degrees. Once this limit has been reached, further
descent can only be 6cc6mp11shed by knee and hip flexion which will put
the trunk into an»into]erab]e poeition from which to jerk the weight
(Figure 28). The ang]e of the back will have significantly moved away
“from the vertical and the moments of force required to bring it back
to the normal will be large. From a physiological point of view, the
~optimum value f- ¢ is 59 degrees which is the angle at which the
quadriceps exert maximum effective force (w11]1ams and Stutzman, 1959)

P

RIREL

Figure 26 e ‘ ‘ o -
\

Maximum Dipped Position ‘ \
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Descent Under the Bar : _ ) - " ' ! f

It is widely “believed that force applied to the bar accounts A
~for the extra-ordinary speed with which the athlete can descend %nto
-the full squat and split positions. The flight phases of both the
~clean and the jerk were tested for an acceleration of the bar equal
'Hk,to g u51ng least. square parabolic functions and cubic spline analysis.
Both procedures failed and both indicated values which were less than “
‘g' which is indicative of_barbell/lifter»interaction. N

i Visual observation suggests that there is_a mechanism apart
from tne direct application’ of force which will explain, in part, the
high average veloc1ty of descent. The squatting and splitting move-
,1ments of&the legs cause a redistr1€ution of the body s mass about the : H
e : centre of gravity. The net result is a downward displacement\of the
 trunk relative to the centre of gravity. ]n ‘addition to that which results i
from grav1ty alone In. order to examine this _phenomenon more closely,

a model of a hypothetical weight liﬁter was developed and manipulated, | TSR

Using the segmental data for the mean man.found in the \

chanler on anatomical considera ions. the location of the centre of
gravity of the whole body was c:lculated for the full extended and \v
full squat positions of the clean and the preparation “for Jerk and full )
split pOSitions of the jerk. The shoulders were found to descend :

o [‘relative to the centre of gravity an amount equal to 7.0% of stature L ”\H
in the case of the clean and 4% of stature 1n the case of the jerk. i
The magnitude of thlS relative displacement was not enough to. account ) x
for the high velocities of descent characteristic of world class | »
lifters (see page 13)

It seems unlikely that an applied impulse at the full
extended position is the answer either As mentioned elsewhere, ' \
“there is a distinct pause in the ful“ extended position which is - -
,ﬁ\ . followed by knee flexion. It 1s only after flexion is under way
", that the Tifter Toses contact with the platform Cy




'should be vertical and at the same rate during the first pull; but .

- is done during a 'dead ]lft' (Figure 27b). However, this body con- -

' by the position of the shoulders along the aré of a circle whose
' radius is the athletes anm Anterior displacement of. the shoulders

vreverse problem presents itself when the shoulders are positioned

’ of support \ “\, S _ S \ . o _ L f

3 T
‘

Theory dictates that displacement of the hips and shoulderf

analysls of the movement from film records LClearly demonstrates the

natural tendency of the hips and shoulders to move forward. An v — .

examination of Figure 27a is 1nstruct1ve of the consequences arising .

out of movement performed according to theory. The centre of mass of - g

both the thigh and leg are displaced posteriorially causing a relatively \gt

small posterior displacement of the centre of grav1ty of the system as a - g
!

whole in the absence ‘of any compensating anterior displacement of the

f barbell and arms,

_ . Anter1or displacement of the hips, on the other h:gd__cfusgs/
a relatively large forward displacement of the centre of gravity of the
body unless the trunk is accelerated to a more vertical position as

figuration does not permit the development of a strong second pull

,;and,avcleaningemovement therefore, is not possible The alternative DR 'p\

is a trunk angle which remains parallel to its original p051tion or

- decreases relative\to the starting configuration In either of these S o

events, the only means by which bagance can be maintained is to
displace thedbor posteriorially

\If it is given that the 1deal starting position is one where | ?,\
the bar is initially at rest over the metatarso -phalangeal 301nts,
then, by virtue of the attachment of the body to the bar by the
arms, the configuration of the remaining body segments js determined

rapidly raises the hips and produces a powerful position ° _
from which the lower Timbs can exert force. The back muscles, however. s
are -in an impossible position from which to work (Figure 27c). The e

posterior to the bar. The lower lﬂmbs are in a poor p051tion to exert \/ :
‘force and the\anns must.work to hold the bar forward over the base 0 /

~
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" The Grip

“‘yf{Vheav1est of barbe]ls 1f one hand is the reverse of the other as 1s

T has been reached (Figure 30b) The loss in ve]ocity generat1ng potent1a1 L
‘Tink system cons1st1ng of two ‘segments 1abe1*ed L and T. As L cuts equa]l

- arc lengths while rotating clockwise, the end po1nt P of segment T is
'1fld1sp1aced 1ncreasing]y lesser distances a1ong the hor1zontaJ

type of grip 1f the bar is to be racked Assumpt1on of a: c]ean1ng

vof the bar to rotate thus enabllng the bar to roll out of the .
o strength by prov1d1ng resxstance to the tendency of the bar to roll

R f1ngers over the thumb of each. hand

87 -

|
" The Tever system formed by the 1ower 1imb segments exh1b1ts ' \.\
\ d1fferent potentials for‘deve1op1ng high veloc1t1es depend1ng upon the
_ phase of clean and jerk examined (Figure 30a and b). The angle ¢ does

not increase as qu1ck1y as g8, in the case of the c]ean ~as o 1ncreasesi
in value from 70 to 90° during the first pull (F1gure 30a) llhen the _
displacement -of the hip joint (Y) is graphed as a function of'6 and ¢ B _\
(equat1ons 3 and 4), the slope of the curve becomes 1ncreas1ng]y negat1ve
However ‘the changes 1n slope are not large and slightly accelerated values

for 0 will produce constant or accelerated vertical movement at the hip : q;

joint. S e S . - ST

-

N

Although the re]at1onsh1p between ¢ and o is near]y linear for‘v
the thrust phase of the jerk, the function, which graphs ‘the d1sp1acement
of the h1p joint (Y) as a function of o and ¢ (equation 5 of the. mode]), ' o
exhibits a slope which rap1d1y goes-to zero once a va]ue of. 70° for o

can; be best explained in terms of F1gure 300 “The- f1gure shows a r1g1d

An‘ ord1nary gr1p w1]1 normal]y be strong enough to. ho]d the

done" when dead 11ft1ng i However. both hands must take an over the bar i

grip tmmed1ate]y enta1ls an esthated 25 50% less in gr1pp1ng strength
in all but the strongest of lifters. The reason ]1es in the ab1]1ty

dnd1vidual 'S hands Adoption of .a hook grip will restore. gr1pp1ng N\ R

out ‘of the hands. The gr1p involves wrapp1ng the f1rsﬁ\and second

-




1 ‘\T\“;: correct,, If, for psychohogica] reasons, a ]1fter must d1ve for the bar,
: :L'fhe\should be sure that 1@15 preliminary movement allows h1@$§o tafs a

| pf“V'than the shou}der Jomnts A hook grip is mandatory for those with v
R suff1c1ent f1nger length because of the extra secur1ty 1t affords. The §~

CHAPTERSEVEN
DISCUSSION OF THE RESULTS .

: N Ny e L
GENERAL , o % : ' R
v There is a maxim 1n physical education which states that the o 5
' gifted athlete will be successful in spite of faulty techn1que, There |
is a good measure of truth to* that statement and .given. the var1ab111ty , ' 5
which accompan1es human performance, it is the w1se coach or\researcher g
* who will avoid def1n1ng proper technique in too r1g1d a manner. - In. the :
'~absence of Hhow]edge of the pr1nc1ples of performance involyed-in an event
1d1ocyncrac1es will be confused with technical error. The: 11terature,
as it re]ates to o]ymp1c weight 11ft1ng, is a case 1n point. A]though
it contains: muth that is correct, it a%so dwells upon factors which
_ appear, to. have Tittle to do. w1th correct performance The ensu1ng
d1scu551on w111 have, as 1ts focus, the deve]opment of pr1nc1p1es of
. performance for each phase of the c]ean and jerk, App11cat1on of these
-\pr1nc1p]es will enab1e t he coach or athlete to focus upon s1gn1f1cant
performance 1nd1cators rather than 1nd1v1dua1 1d1ocyncrac1es

[
Y . .

R The sta4t1ng pos1t1on is not a position of cruc1a1 1mportance
in the. sense that . the a11gnment of the body. segments must be preeﬁse]y
def1ned Once the lift has been initiated, the body will: make adJust- .
'ments in keepwng with the need for ba]ance Prelim1nary movements, such
T? as rock1ng back and forth or diving for the bar.,’ are quite perm1ss1b1e
provided care is taken ‘to ensure that the bar off\ #loor position is

proper grip and’ that unwanted- horizonta] force 1s not app11ed to the bar ’.ﬂ

fas a.result of" the d1ve L RIS R

R —’

_.Foot. and hand widths should respect1vely be narrower and w1der Lo

: bar shou]d bé’ Placed near metatarso pha]angea] Jovnts but exact p]acement
“will depend upon the stature of the ath]ete : T

e e



1Gf.fthe f1rst pull

There appears to be an opt1mum speed of performance wh1ch is f
desirable during the first pu]] A rap1d Jerking\motion when max1mum e

loads are used, 1nvar1ab1y causes fa11ure to comp]ete the first pu]l

yReversion ‘to-a very slow movement, such as 1s typ1ca1 of a dead 11ft, ;

changes the 1ift to a re]at1ve1y easy one to accompl1sh If for:’ ,_'“
s1mp11c1ty sake, the kinetic energy of ‘the bar’ 1s reag.;entat1ve of the*

A 25% increase to: 125 cm/sec from 100 cm/sec w11] requ1re a 64% 1ncrease

in the energy requ1red to 17Ft the weight. Since ‘the energy source ’

: dur1ng performance is the a]act1c system, sma]] 1ncreases in ve]oc1ty _
~w111 cause. relat1ve1y large demands upon th1s energy source "and if near.
~maximum loads are being Jifted failure 1s 11ke1y torbe the resu}t

Some authors recommend that the bar: should be puﬂled as fast :

as poss1b1e but, in view of the forego1ng, empha51s upon deve]pp1nq speed -
during the first pu]]adfll sl§n1f1cant1y increase the energy requ1rements'

of the musculature and thereby, piace heavy demands upon the alactic
system. Further, the Tever system formed by the Tower ]1pb segnents 1s
ina poor conf1gurat1on for deve]op1ng h1gh ve]oc1t1es and the restrict1on

. that the hip must be a distance 'a' from the ank e Jdﬁnt, is'a detr1ment |

to malntenance of ve]oc1ty at the end of the range of motioh. The .
evidence appears to support those who advocate,a ‘$ubmaximal effort dur1ng

L

. JHoffmanh(1959) ‘Massey et-al. (1959),. Mi]]exr(1974a) Gardner v

_(1974) and Sm1th1nunt (1974) have all-agreed that the fxrst pu]] 1s
‘performed- slowly. In an effort to define slowly M111er (l974a)
‘recommended that the ath]ete "pull as fast as the levers will a]]dw"

However, this statement 1s not entirely sat1sfactory either because a
very slow pulJ, as werformed in the dead 11ft w111 perm1t the atta1nment

*~c2520f a much greater 1ift°than a fast pu]] as performed 1n the Snatch

venergy expended by the muscles of the thigh, then ‘the energy requ1red to o
'successfu11y execute a given 1ift will vary as the veloc1ty squared

q
Y
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be to pull w1th the force necessary to attain the: velOC1ty required to‘;, vf
effect a smooth transit\on to the scoop Veloc1ty values for the first
R and second pulls obtained" from film analys1s and the l1terature 1nd1cate .
”*f’ ‘a veloc1ty for the first‘%ull wh1ch is 15- 20% of the peak atta1ned durlng
| the second ‘-\ '}’.C- - S - ;: : “'
S T | o R
The recommendat1on that the athlete ma1nta1n a shoulder
pos1t1on anter1or to the bar durlng the f1rst pull, is. not a sound
pract1ce‘1n the writer's op1n1on ‘As 1nd1cated elsewhere in this study, .
: the pos1t1on of the shoulders is determ1ned by the position of the hips
ja‘:j ~and' the need to ma1nta1n balance If movement is.to be performed in -

accordance w1th ‘the limiting. parameters set forth- in the model, then. :
the pos1t1on of the shoulgers is predeterm1ned and 1nstruct1ons to pos1tibn S
the shoulders eTsewhere will: be a conflict.

LA

v a

The 1mportance of the forego1ng becomes clear if one speculates
about the poss1bility of el1m1nat1ng the trans1t1on phase between the L

v po1nt where knee eitens1on ceases and the scoop begins. The reader w1ll' //;;/?////il

T recall that continued vert1cal displacement .of the bar was carr1ed out IR
through trunk rotat1on during this transit1on phase. The value of’ﬁ//i/// :

_ at the ankle was found in this study to be less than the corresponding "‘- vl
value reported by Miller (page22) while the respehtlve values for ¢ - o
and y-at the knee and hip joints were, 51gn1f1cantly smaller and greater

AS a result, the pos1t1on of the bar was lower when.:knee : extens1on ceases* : L
in the case. of subJects DS and ER than it ‘is when values reported by e
M1ller are used _Thus it would appear ‘that a lower- 1n1t1al position of

" the h1ps, result1ng 1n a more vertical pos1t1on of the trunk than '
character1st1c of the l1fts performed by DS and ER, 1s conduc1ve towards .

~el1m1nat1ng the trans1t1on phase - This conf1gurat1on ‘places the shoulders g
over the’ bar ratﬁer than anterlor to it. Execut1on of. the first pull

~in th1s new conf1gurat1on \oJl elfm1nate most of the poster1or deflect1on
of the bar which occurs dur1ng the f1rst pull ‘and. the result wwll be a
'curve s1m1lar to that of R1gert : i ‘ ’

e

] ) .. -




3 c1ear that the ]oad1ng is of suff1c1ent magnitude to st1mu1ate the
o musc]e spindles or is of suff1q1ent1y short duration to yrevent 2) B
- adaptat1on of the sp1nd]es to ‘the load. The most important s1gnif1c-

: contract1ons performed by the quadr1ceps

R :
Ay AR "
A L
T .

f]] of the ava11ab]e ev1dence suggests that ‘the cr1t1ca] phase
of the pu111ng act1on is ‘the scoop. A weight 11fter shou]d normally be |

- able to handle any 10;9 durwng the f1rst pull. When a- fa11ure occurred
. dur1ng the exper1menta1 test sesston, the scoop phase was character1zed

-~

by a. dropp1ng ve]oc1ty pattern
v N
The scooping actlon causes the quadr1Ceps to contract eccentri-.
ca]]y but it 1s not correct to conclude that the restretched quadriceps
muscle is ab]e to contract more powerfully as a result. It is not

cance of the scoop is it's functnon of rea]1gn1ng the body Segments.

3 2>

e,

Persona] experience and the results of 1nforma1 test1ng wh1le

'coach1ng have demonstrated to the wrlter the need to prov1de exerc1ses

spec1f1ca11y de51gned to. strengthen the scoop part of the ‘clean.

. Ne1ght l1fters in Alberta are weak in this ‘phase of the pull in the
‘:absence of Spec1a1 trann1ng The’ scoop is very. tra1nab]e and 1oad

=~

values well 1n exéess of a lifter' 's best c]ean are eas11y atta1ned S
The naturaL strength of . the movement has its or1g1n 1n the eccentq;c ?.

RN
e ;
7

TheapErformance goa1 in efféctfdur1ng the second pull is’-the
\5T~vert1ca1 extens1on '

‘he body hav1ng regard for

.certa1n 11m1tat1ons and qua11f1catﬁons “Full extens1on, in a 11teral

sense, is both undes1rab1e and not attained in actual pract1se Fu]]
extension® at the knee. Jo1nt for examp1e would: cause the knee "screw
home" Subsequent flex1on w111 requ1re the knee to un]ock before the
f]exor muscles can perate upon the Jo1nt When flexion is able to

Texor: muscles w111 be act1ng upon the Jo1nt at a
3

take,p]ace..the

~ very ‘poor ang]e S = ST ARV .

s .
ol Y.

f'\ o There are, howeVer more 1mportant reasons\igr not over'\
emphasizing full extension. The most importgnt of these is the v

o] 1Fé? _ -'V'A=i°'f§J.7"




) ’e11m1nated from coaching theory: and in its place, a shou]der shrug v _
t1med to co1nc1de with extension at the knees and ank]es should be - _—

92

-

_ v NG
'_1neff1c1ency of the lower 11mb lever system at the end of the range N
of motion. The angu]ar ve10c1ty of the body segments must increase
enormously in order to prevent dece]erat1on at the end po1nt of the

system Compound1ng this problem is the weakness of the arm and
shou]der musc]es which cannot fully compensate In sum, full \
’extens1on ‘represents wasted effort . The amount of extra. height*
~dchieved by pulling with the arms w111 probably be more than offset. - -

by the loss of time created for the -descent. ' ‘

\ .

_ Loncentrat1on upon the action of the wr1sts at the top of-the
pull will. cause the athlete to lengthen his pause at the top of the pull
and all of the above negative consequences will acerue. Further, the
anatom1ca1 consequence of wr1st flexion, as reported in the 11terature,
\1s ]arge]y incorrect. .(The pos1t1on of the e1bows does not alter the
.act1on of the trapez1us ) It is very unlikely that wrist flexion

prevents bar swing because, given the magnitude. of the we1ghts be1ng

lifted re]at1ve to the strength of the flexor musc]es wrist f]exlon can'
gon]y take place when the thrust being app11ed to the bar is reduced.
: .Invar1ab]y, the body moves towards the. bar in these. c1rcumstances

, In view of the forego1ng, thé pr1nc1p]e of. performance requires y

that the coach stress atta1nment of a full extended pos1t1on for the
' ypurpose of ensur1ng a proper]y extended second pull. "If an ath]ete does
not extend over’ the max1mum range poss1b]e the coach shou]d take the
above factors 1nto con51derat1on before insisting upon more complete o
extens1on P]] reference to a 'top pull’ with the arms shou]d be

Y

recommended Not. on]y are the trape21us muscles capable of delivering
~an effect1ve force but the. 1arge we]] developed- trapez1us and re]atxvely
“underdeveloped biceps trachii musc]es of world c]ass 11fters suggest )
that the forego1ng ana]ys1s 18’correct The above argument coupled

_ w1th the decreas1ng ab111ty of the 1ower ]1mb to. produce h1gh acceler-
fvat1ons once a: va]ue of approx1mate1y 70° for 6 has been achieved




suggest that the’ second pu]l shou]d be of very short durat1on Once n -~
the impulse has been de1.vered the ‘body 1mmed1ate]y descends to the
full squat pos1t1on o ’
C 3
The magn1tude of the ve]oc1ty of descent 1nto the fu]] squat
.,‘pos1t1on reportéd in ithe literature 1s d1ff1cu1t to understand because
it is hard to 1mag1ne the movement executed with more rapidity than that
' “<erformed by subject DS. ‘A poss1b]e exp]anat1on lies in the method of
computat10n The studies 1n -the literature were all characterized by the
use’ of relatively sTow film transport speeds ‘Shakirzianov (1974) used 20
frames pertsecond and the others were in the range of 60 frames -per 4
- second. As a result, the initial knee f1ex1on and/or the abso]ute ST

‘ bottom1ng in the full squat may not have been seen. The def1n1t on of _1‘ :
when the movement commenced any’ f1nwshed may have differed. In con-

c]us1on, it may be said that the mechanism, whereby weight Tifters '_v o
e create 1arge veloc1t1es dur1ng descent under the bar, is not at al] c]ear

i

The most 1mportant pr1nc1p1e of performance to be observed -
_ dur1ng the jerk is the attainment of vertical d1sp1acement during the
Ad1p and thrust phases of the 117t ‘As was the case with. the.%ther )
pr1ncjp1es, a s]1ght,amount of rar1at1onAcan.be to]erated.
A problem assoc1ated h1th a vert1ca1 jerk is gett1ng the bar o
' passed the head In a norﬁa1 stand1ng pos1t1on, the bar is 1nfer1o¢ _ j‘
to the angle of the mand1b1e and when the bar has left its racked ﬂi BGS
' position, the head must be . w1thdrawn if flight 1s to continue. ,The‘ A
\ :'tendency of a]] ]1fters to 1mpart a forward ve]oc1ty~to the bar dur1ng _?_ﬁ;5"'
'the thrust phase. may have, in part, its or1g1n in the need to avoid a.ff
co]]is1on w1th the head. -A 'ta]]' pos1t1on can: be assumed 1n wh1ch SR Y
the 1ntercosta] muscles are contracted in order to Tift the rib cage. ]
| The resultant reduction in kyph051s causes the head ‘to be d1sp1aced
poster1ora11y and the centre of pressure in the feet to 11kew1se move
back towards thé hee]s of the feet.” Vertical d1sp1acement of the bar
is great]y fac111tated when the. body 1s in th1s conf1gurat10n.r SubJect

DS was observed to Jerk in th1s manner. . o _ R
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The primary source of bar veToc1ty is extension of" the knee
.JOTHtS and the peak is atta1ned before full extens1on of the Jo1nts
occurs. It appears safe to conclude that extension passed 8o° con-
'tr1butes Tittle to the product1on of veToc1ty and efforts to ach1eve
'greater extens1on shou]d be cons1dered as . a waste of time. ¥

An ideal anter1or foot- d1sp1acement ratio of .38 vas
developed in. conJunct1on w1th the full sp11t position. Dev1at1on from
_this rdtio can be used as an indicator of unwanted hor1zonta1 movement |
of the body as a whole. It is. un11ke1y that forward movement will ever
be entirely eliminated and the quest1on wh1ch then presents itself, is
:how much d1sp1acement can be tolerated. It would appear that a normal

o
t

range wou]d be .4 to 450

LY
*

‘ , Certa1n joint angles appear to be more 1mportant than others
- The vaTues for ¢ and y for the bar off f]oor pos1t10n are .a case 1n

g po1nt. Since these angTes determ1ne the position of the shoulders,

only the 1atter needs to ‘be mon1tored by .the coach The value of the
joint angles at the commencement of the 'scoop- are aTso important and -
these-‘may vary 'somewhat with body structure The vaTues app11cable

to a partwcu]ar lifter can be ea511y computed us1ng the equat1ons and

" diagrams found in the report.

3 ) ST : v.llv.
. v . ]

The bar veloc1t1es character1st1c of- DS and ER were. at the‘

VCjTow end of the ranges: reported by other researchers SubJect MK, in . R :*”ftf

_Garhammer s study (1978) 11fted wfth peak veToc1t1es of 124 and 127.‘
:‘.cm/sec dur1ng the cTean which are comparabTe to the average vaTues ?f
Tproduced by DS and ER, namely, 130 cm/sec. for PS and %23_ mlsec; for
ER. SubJect AV, in Garhammer s study, lifted in the 52 kg cTass “and"
-attained a peak veTocity of 140 cm/sec dur1ng the Jerk “The average

-

'.vaTues for DS and ER were 137 cm/sec and 130 cm/sec respect1ve1y

‘The ev1dence suggests that h1gh]y sk1]1ed we1ght11fters ’
’do not throw the ‘bar 1nto the air. and catch 1t as hypothes1zed by the

o -
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model outlined in this study. It appears that they throw the :bar
"high enough to enable the arms- to easily 'press' the bar ‘to its final
resting position. - ‘ | a

-.‘Q;. -

-

-

v

or be1ng a very eff1c1ent method of lifting. A vert1ca1 d1sp]acement
path for ‘the barbe]] 1s, 1n theory, mechan1ca11y possible and large’
ve]oc1t1es do not appear to be requ1red for success In order to e
develop the technique to 1ts full potent1a1, ve1ght lifters shou]d be

. trained to use the first pull and SCO0p as a“ means to pos1t1on the bar .

for the second pull. The second pu11 should then be performed w1th a
‘rapid extension of the body and a. concom1tant shou\der shrug after

" which the body 1mmed1ate1y descends ‘into the full squat. pos1t1on

{he large trapez1us muscles | are\qu1te capab]e of de11ver1ng a short
~impulsive force wh11e extension is be1ng carr1qd out. All thought 4
~of .pulling w1th the arms should be forgotten for two reasons F1rst,
the arms are not Strong enough’ to prevent dece]erat1on and second .
- pu]]1ng the bar to.a Tow bar h1gh pos1t1on be?bre descend1ng is not '
compatible with de11ver1ng thrust with the arms " The fact that

‘ _'champ1on weight lifters are characterized by a Tow bar high pos1tion

strong]y suggests_that they,do\not waste t1me_pu1]1ng with the arms,.

The doub]e knee bend tech n1que can a]so be v1ewed as-a ‘means
'fwhereby the compress1ve forces upon the 1umbo sacra1 d1sc are m1n1m1zed
The. increasing’ ve]oc1ty of the bar as the pul] progresses para]]e]s the
decreas1ng torque requ1red of the erector spinae to ma1nta1n an arched
sp1na] configuration. At the levcl of the disc, th1s trans]ates 1nto
decreasing compressive force. Upon: comp]et1on of the scoop, the trunk

,Awsiwn\a”nearly vert1ca1 pos1t1on and ‘the torques requ1red of the erector.

‘hsp1nae are S1gn1f1cant1y reduced The body 1s now in- a “good mechan1ca1 o

poswt1on to de11ver a 1arge 1mpu]s1ve force to the bar and the 1umbar

sp1ne is 1n a super1or pos1t1on to w1thstand the concom1tant compressive

forces _ * BT N - s

The double’ knee bend\techn1que appears to offen the potent1a] '

95

\*

o
)




—

R WP ey 2 7 L L S i e e
. i

N
R

- 96

; The pr1nc1 Te 1nvo1ved can be more eas11y understood.1f it 7
- is assumed that -the 1 1t1nq factor in we1ght11ft1ng, from an anatom1ca1
-po1nt of view, is the magn1tude of the co, ress1ve forces which the 1umbo-
‘sacral junction can withstand. Chaffln (1p69), has prov1ded evidence that
th1s assumption is not unrea]rstlc and ‘that tbe body w111 1imit the \;--
amount of compress1ve force to ‘approximat 1y 5880 newtons G1ven a H,ﬂ
~ maximum value of this amount, this magni ude of load can be supported

on]y when it is app11ed vert1ca]1y to 3 stat1onary disc which is hor1zonta1- B

1y, dlsposed The amount of we1qht1 wh'ch can be Supported will decrease.
from the maximum when an angle of inc ination 1s 1ntroduced to the d1sc

or if an upward vert1ca1 acceleratﬁo is. 1ntroduced _Both of these factors :

ex1st during the pul] phase dﬁ ‘the c;ean The double. knee bend techn1que

“can be regarded as a means whereb d1sc 1nc11nat1on and accelerat1on are - .

.,var1ed to produce opt1mum ‘conditions for 11ft1ng max1mum we1ghts

Vien

?

Reformuiation‘ot‘the'Phases hd Positions of the Clean and Jerk .
fo ghd Posi! _ rk

~The’ exper1mentay/resu1ts 1nd1cate the need for mod1f1Lat1on to -
.the breakdown of phases and pos1t1ons used in. this study . The fol]ow1ng
paragraphs contain-a sunmaﬂj of a new breakdown :

The thrust seg nt or pu]] part of the c1ean was or1g1na11y
subd1v1ded 1nto first and econd pu11 phases separated by the scoop or

»rebend phase - The data suggests that recogn1t1on of a transit1on phase o;f _'“ \

- may be needed 1norder to co p1e;% th descr1pt1‘l\ Th1s phase was’ seen
©\in the lifts of 'ER ans DS but i

v haracter1st1c ‘of . the techn!que or phenomenon d1sp1ayed by ‘the two

/js'nbt known whether or not. th1s isa

*; ubJects -The mechan1ca1 ana]ys1s performed suggests that 1t is the
former In e1ther event. the trans1t1on phase w111 be, e1ther someth1ng
.to aVo1d_or a constan1 feature of the rebend sty]e of 11ft1ng

. It has: bee"decided to’ 1nc1ude the tran§1t1on phase as a’
,jzisubphase of'the f1rst“pl11 - The knee Tow pos1t1on has- been created to .
mark 1ts beginning and i 3 end 1s marked by the knee high posit1on

// 1',:" o fiThe scoop,or_‘ bend'phaseQremainsfunaJtered_as’does,the;second




.

, second pull phase conprisedeof'the'bar on thigh‘position,'the'fu11
"extended pos1t1on and the bar high posit1on "This latter pos1t1on
occurs wheX the squat phase is under way and so temporai]y, it be1onqs\ Vo

‘to that ph se. However, it 1s 1og1ca11y a part of- the second,pul]
and hense its 1nc]us1on as part of'that phase - . e e

_ , The squat phase remains una]tered as we]] ' However, thws T
. was done with reservations. It is clé&r that the squat can be broken
up into descent and ascent phases " The: descent phase can ‘be further
’,-subd1v1ded into numerous other d1v1s1ons.‘ The temptatlon to ffect y
E further subdivisions was. resisted because it 1s unc]ear which of these

"‘,are swgn1f1cant and wh1ch are not At the root of the problem is” the

1quest1on of how wor]d c1ass ath]etes descend to the full squat posit1on
:so qu1ck1ys e " ‘ ' '

- - The breakdown of the Jerk rema1ned the same except fon the«;"“ I
.add1t1on of a bar” hiqh pos1t1on as part of the thrust phase Recogn1t1on » .

of th1s pos1t1on will focus. attentlon to its importance Wh1ch 11es 1n 1ts : o f
_inverse re]at1onsh1p w1th the magn1tude of the sp11tt1ng action dur1ng the : ' .
sp11t phase\ R 'vi_a'“ T ;: L e Lo _'f'; b

/. \ > o | ; v y K E
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_ Based\upon the data qathered in this study, the ¢lean and - "W. S
Jerk’event may be broken down int the foi]owwng phases and key pos1t1ons A
P T L R :

e T C]ean o S e
L ) F1rst PuT] Phase:
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The phases and positions appear to represent significant
parameters of the clean and’ jerk event + The de11n1at1on of phases
permits the break up of the who1e lift into meaningful parts which are.
read11y amenable to further analysis. The defined positions represent
1mportant visual touch stones for the recogn1t1on of proper execut1on
" of techn1que

A550c1ated wfth the positions are angles at the h1p, knee and
ank]e Jo1nts. Their pattern of movement dur1ng the pull segment. of the
clean appears to be characteristic of the doub]e knee bend techn1que
The exper1nental values gathered 'in the study bas1ca11y agree with values
' reported in the 11terature

Nhen the 1ift . is executed proper]y, a characteristic path of
the barbe]l 1s generated as are velocities and power -outputs. The
literature supports the f1nd1ngs of this study, name]y, that the power
output in the vertical plané 1s zimilar dur1ng the second putl and thrust- |\
phases One might have guessed this to be the case from a know]edqe of the
pos1t1ons associated w1th these two phases. The body configurations and
movements are highly s1m11ar
‘ Having identified: phases, an attempt was made to formulate
principles of- performance which suggested themse]ves from the data co]]ected
These: have been summar1zed be]ow

1. The start1ng pos1t1on is not of crucial 1mportance
2. There appears to be an opt1mum ve]oc1ty character1st1c
‘of the first pull.” A]tﬂough a nune-ri a1 val'2 was not
- ass1gned, it ‘appears. that 1t must e of suf%1c1ent magn1tude
v-\ L to ‘ensure a smooth trans1t1on to the scoop phase. '
3. The pos1t1on of the shou]ders relative to the bar will be
‘ - determined by-the‘technigue cf pu]]ing used. Once a technique
f o ,‘ has heen determlned as des1reab1e for an ath]ete the position
. of the shoulders w111 be determined by the need to mainta1n
ba]ance

9y
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- 4. The scoop phase appears to be of critical importance for
the execution of a successful clean.
5, Fu]T extension during the second pull and the 'top pull’
are probably detrimental to optimum performance |
6. Vertical displacement of the bar during the dip and thrust -
| phases of the Jerk is of, cruc1a1 1mportanfe to a successful
L1ift. | | :
7. The. magnitude of -the upward disp]acegpnt of the bar during
the jerk is fnversely related to the magnitude of.the split -
i necessary for successful comp]etion of the Tift.

- I

CONCLUSIONS

~The double knee bend techn1que used by subJects DS and ER was .
found to be essent1a11y -the same as descr1bed -in the 11terature Ve1oc1ty
‘values of the bar at cr1t1ca] phases of the 1ift were at the low end. of
- the val : ranges typ1ca1 of world class athletes. It was. conqluded there-
' ”fore, ‘that although the size of the sample of subJects\was small; it was
representative of performance of the double knee bend techn1que as ‘
performed by h1gh1y sk111ed ath]etes

-
\9
r L

The doub]e knee bend techn1que is a means by which an Olymplc
we1ghtl1fter can .use the structura] character1st1cs of the body's ‘
lever systems to 1ift ore than he could otherwise. High bar velocities
are not requ1red thro ghout the pulling phase of the clean and the energy o
expend1ture requ1red o 1ift a glven load can be minimized. ‘In add1t1on,.

- there is ev1dence to suggest that the compress1ve forces upon the lumbo—

+ sacral disc are m1n1m1zed ~The 1mportance of this 11es in the be11ef

of some researchers that the u1t1mate determ1nant of 11ft1ng ab111ty is

the capac1ty of the body to absorb the loads put upon the 1umbo- sacra]

. dise. .7 v

- ' The doub]e knee bend techn1que of pu111ng 1nvo]ves three
d1st1nct movements “the f1rst pu]], scoop. and Eecond pull. Ana]ys1s ‘
‘ ind1cated that the 11terature does not suff1c1ent1y recoon1ze the un1que- e
nes$ of - these three movements In view of the pr1nc1p1e of spec1f1c1ty of
”training. knowledge of the three moements is requ1red for optimum resu]ts

Toe
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The- modb] developed from 1nformat1on conta1ned iR the 11terature
. appears to be capable of descr1b1ng bar ve10c1ty and acceleration patterns
~dur1ng the jerk when ¢ is written as a function of 6. The model was also

capable of pred1ct1nq a trans1t1on phase dur1ng the first pull when extens1on -

\ at the h1p Jo1nt sustained the app11cat1on of force to the bar.

~  Full extension of the joints does not appear to be compat1b1e
with optimum performance and ev1dence was found which suggested that
plantar flexion contr1butes m1n1ma1]y ‘to the application of thrust to the
bar dur1ng the pull. phase of the c]ean and the thrust phase “of the jerk.

[
A\

The descent phase of the Jerk is- the weakest segment of the clean
and jerk in terms of performance Not on]y is it a naturally d1ff1cu1t

'movement but the visual evidence suggests that it is a poor]y understood .
and coached phase of the 11ft

Cinematography,.as’a‘means of investigating O]ymp1c we1mht-

- 1ifting was found to be. an 1nd1spens1b1e tool for descr1pt1ve purposes.
Coordinated anter1or and lateral cameras at 100 frames per second prov1ded
detail of. movement temporal sequences and bar/body relationships wh1ch
wou]d have ‘been very difficult to obtain us1ng other tools. However,
c1nematography was found to be-an inadequate 1nvesthat1ve tool when
a more deta11ed exam1nat1on was requ1red The need to record planar
mot1on resulted in an exper1menta1 des1gn which d1d not perm1t visual

/access to all aspects‘of the 11fts

- . Recommendations -

1. Further research 1s needed 1nto ‘the exact nature of the
» mechanism which operates during the descent phases of the
' clean and Jerk to produce the large veloc1t1es attained.

2y A sma]]er 1atera1 f1e1d of v1ew than used in Substudy #3
is reou1red if accurate angu]ar d1sp]acement data for the .



A

\

lﬁlqwer 11mb 1s to be obta1ned The or1q1na1 1ntent was ty

have a field of view: 1arqe enough to capture movement 0-
the trunk during the jerk but it 1s now cTear that th1s

“:Vwas not necessary-, . | R .‘15{?\

3. Further research is requ1red to determ1ne the nature of

.angular 11nb d1sp1acement when 1arge res1stances are

%mttmposed in: qenera] and of d1sp]acement dur1ng the c]ean

ER

?1n part1cu1ar

P
.
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