‘U.8. 0lvmpic Trainin® Center and the Cofto Research Ce

BIOMECHAMICAL ANALYBIS OF ELITE SHOTPUTTERS

The purenze af  the present study was to analwze h

@
pertormance of elite American shotputfer:z az part of a series of
studigs  to be cpnduchu an the U.8. 0lvmPic Committee. Some of

the peorle involved with ﬁhe present study inciude Dro Chér?e5, 3

Dillman of the U.S5. 0lwmeic Committee: Dr. Paul Ward, co@rdinato%;*

of the Elite Athletes Prmdé;t—ThPo¢éP57_af the Chicagae Health [ 

Club orSanizations and from the Cokto Resszarch Centers Dr. M. Ann |

Pennrs Mr. Darv Saars and the authog of the studvy Dr. G1d on7;'

Ariel. The ftws or8anizations invalved in the_ana]vsis- are 'the.;f .

ar.

r‘n

A review of past studiez and a deneral des -P1P+1nn of

biom:zhanical analvsiz of shotputting technisue is summarized  in

R P P

the article by Sats=iarskws Lanka and Shamanuv. This reveiw iz

presented in Appendix A. The prezent studvy iz the mosh

(L)

comPrehensive ztud? tﬁ date relating to shotpuk +echnlquL. For
the first tiﬁe, a compiete three dimens 1nna] anatwvtic procedure
haz been utiTizéd to  evaluate this athletic Parfﬂrmaﬁce.; When
:nmparing " thiz  suantitative method of anaﬁwsis to srevinuéf
studiez» conducted ber .fhe Presént 'éﬂthora “the foliﬂﬁinéi.

differences existi

l.n

'

i

1. The measurements have been cmaloulated in the true pPlane of

2. Mavements were recorded and -al'u;a ad in al three Planes

af motion.



3. Calibhration wasz performed with over—determined esuaticons
which increazes the accuracy of Tthe measurements.

4, A combinpation of Cubic Spiline and Digital filter tec nnlquL

pae
>
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were applied to the digitized data which allowed xtraction

the be

Ix'l

-t fit»fmr the data.

5., The filming sessicn uti]ized:three Eamera; ~== " zide bearﬁ.
:éﬁd fﬁé views. .Traciné iinthe bng Joint centars ma31thuévf.
f%écilitéted since i?_a Jﬁiﬁ# 'ma5-_ﬂ§scuréd form one yie& it was
vizibie from another. |

‘:'6. Three force plates were utiiized‘ tn aszess the contact

rt caT and 1a+ raly directions.
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forces 1n thg hurlhnn+

m

- For  this zpecific studvs  the following elite athletes wer

‘analyvzed:

1. Lorna Griffin - currently longezt female Thrower
2., Dave Laut — 1981 TAC chameion

3. Brian Oldfield — American record holder

~ METHOD

In Mavs 1982y a 9roup of national claszs U.8. elite throwers

9

vweEe invited to fhe Cotns Reiearth'Cenfer, in Coto  de Caéav;
Caiifornia bv the U.S. 01?mpit Cumh ttee for a shatputtin9 .
E]inic.  Attending the clinic wéﬁéiLsame of America’s IETite.
thrower=z in thiz event: Griffin, Laut; and Oldfield,

The prezent analvsisz consisted of three different tvpez of

p

tests. The first test was o evaluate ztength and speed thnnuqh.



ization of the Wilzon—aAriel! 4888 Computerized Exercise

m
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Machine. A deszcription and methed for the use of this machine iz

The biomechanical aﬁa]r: iz conszizted of two different  types -

harlvonfai forces az well as the te mpnra1 re ]aflnnwﬁlPS in . the -

throwing seauences. The second test consisted of high ‘speedv

cinematography utilizing three camera positions —-—-— zides backs 7

and +top views —— with the speed set at 180 frames per secﬁhd;

. -‘

All trials for each athlete were: Fi1med during an ff’:i
_cahpetitian, Appendix D is the master 109 of film data far this

n‘.-

competition and filming session. A representati film sesuence

for each of the throws was  fthen zelected for the computerized

‘biomechanical nnalrsls

The trise three-dimensional parameters  af metion
(displacements velacitws and acceleration) for each point  of
interest on the  subdect were determined  wusing high—-spPeed

cinematodrarhw. The athlete’s performance was Filmed by multirpie.
cameras operating  zimultaneously o and  placed  at different'_f

locations. The iocation of the throw was "calibrated® h? rllmlng ;Q

an obJdect of known dimensions in that zame location with the same

camera orientations. The film se=uence from each camera was then
digitized in the fa]lnmlng manner. The film was epodecteds one
frame at a times ontn a larde rear—prodection digitizing screen.

For each frames a trained woperataer touched the: 1nuat1nn of each



paint of interest (in thiz case the body Joints and the shotput)

n
s
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in a predetermined order usind an elecktronic vius.  As the

points were toucheds their fwo-dimenzional relative coordinate

were tranzmitted to a computer and saved. In additions at some

paint in the seauence of frame -

y o for

1

®

ach rcamera views the

’apératar-_digitized thé pointz of the :a1=brnu-ng abject., Inm thiz

&

studrs a IarSe_;cuhe with spPheres at known locaktions served
‘calibration obJect and is shown in FiSure A.

The next step cConsisted of a numerical fransformation on two -

,ﬁb”"mare - digitizedlp film ™ seqUenc¢§ which tﬁnvebﬁed from
'f¢a—dimensiana1"rhe1étiye cnardlna ta -:threeédiménsimnat
absolute cosrdinates. This uwas dnhé-using a2 method krown as
direct  linear  franstormation, 1mﬁ§rein,-theA tmﬁ—dimensiona]

toﬁrdinates of the known Poinks (:alibratian_ébééct)“are’uzed to

create 2 transformation matrix whlvh in turn 15 applied two

iy
urknown: Pain ts. {(data Pﬂints)-' :r1m1d1ng three—-dimensinonal

b

caonrdinates. The result of this tra nsformation wazs a zeauence of
- thres- dlan’lnnaT "framez"  corres Pandlng to the digitized data
paints from fwo or more cCameras.

These data eeints were then smoothed *o remove. "noise"

introduced during‘-the fi1min9 and.'digitizing‘ ’tag of data
colliection. '.vadthiné was nmPIz«h using a =uPh1=+1raf d

cubic—-zpline or 'digitaT‘-rllferlngklalgnrl+nm which has - been

ot

demanztrated tﬂ be zuperior to a1gnrl+hm" such as polvnomial

[ I

Capproximation orozome  Jdigital rllt rzy  especiallw in  seauence

with high acceleration such as  throwing evenis. The smoothed

m

seauence of frames was then viewed in stick-figure format on 2
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=Tav., 1in additiens during the zmoocthing erocessz  the

velacity and arccelsration of each data wsaints 2z well az ifs

-8

dizplarement were computed and thesze mavy be dizplaved az vecters

on the grarhic displa? or Pimtta

_fLL

az a function of fime for

analwsis PUPP S@s5. Further computation  resulted in the
Paramete nt moflun f zegments  {(linez connecting - eairs of?i-

Paints)s and joints (int ersection of pairs of sedments) in
linear and angular coordinates. Motion Parameters of these

variauzs types are_repnrfgd and dizcussed in this ztudvy.

F@rcg P]atrorm Ana1r>1s

I Frroorparahed ;n*—-~A—uF&F+e————

constructed specifically for this purPoze in arder +q. recarﬁ_the'
contact forces :éf- the feet with the Qﬁound. These forces are’
yerv‘iméﬁrtant for ‘determining the z¥ficiency of . the fhromer,"
The force platforms used in this sztudy were Histler mode{'.?éélé
:.vmulticompnnent Piézoelectric measuring elatform and two rlates ;
made b Advanced_Mechanica]bTechnm}agV1 Inz. The Plates are uséd-:'i?

in medical diagneszes and evaluation as well az for assessinslbu
athletic Partn rmanr' 'r azearch.  The P1atform5' have higﬁ _;
sensitivity Tevels DQeE a wide_fré%uencv-rangé. The elettricalif'
outputz of  the Piates.were conditicned br charge amplifiers and 
amelified ton  zuitable levelsz for LamP!fér sahP1in9 (+/- 10 vblt
peak). Thesze amplified =ignals wefe zampled and stored by a -

dedicated minicomputer at a rate of 40B02 zamplesz/szecond/channel.



Eight channzlz of force data were zampled with the vertizal and
“horizontal cemPonents  from each  foarce elaftform. Pecause the

landing won  the middle plate produced a Toraues thiz was "alz»o

measured.
The athlet tarted the 9lide with  the riGht foot on the

[
T
0}

[

,VPearﬁpiater-for the linear stvles and  with their left foots for

“h

.

the turning stvle.  Then the risht foot landed on the slate in =

eg

ek

 the middle of the circle for both styless and then ‘the front

(left 1ed) blocked aSainst the plate located at the front of the

ccircle.

CAfter all trials of throws were recorded and saved ip

z  processed o

auan¥ifv the various rezponse parameters faor each of the throws.

time

The parameters  that were measured @ imPulses
of fForce applications and  the time  between force aeplications.
In additions the different temporal phasess such az sindle and

~double supporty and the airborne Phase weres measured.

RESULTS

The ztrength repﬂrt>enc1osed' in Appendix C illustrates the -

151

perfoarmance tests for all the particirant athletes who were

willing to be measured. A comparison *o a similar clinic held in

Marchs 1982 iz included in Appendik C.



Figurez 1 and 2 precent examplez of the stick figures with
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gments that were traced. Figures I

ko b ereserit the stick Figures for each of the athletes for f-he_-V-‘ ‘
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three dimensional views. . These *hree views

from the side view (X—axiz)s 'frﬁm' the rear3'viem (Z—axis); and'_

b 1]

rom the top view (Y—axis). For proper orientations the v1emeP L

'1ooks along the Z-azis‘tn”view'the_zide view; along theax-axls +o

'vv1 w the rear view’ and aloend the Y-awis to vieuw +he +0P5V1ew.,:»

According t: the literature (Appendix Ady Athe_ﬂ shofPu+°f°

performance can bhe divided inte wvarious ehases.

phases have been arbitrarily aisigned' by Various "inVeétiQatobs

-

n functionally da*lrmineu. L thE¥—PPeFeﬁ+

m

white others have be

studvy the various portions of the hrﬁu have -been hased upon the

kinematics and kinetics of the'p rformance itself utilizing hlgh
zpeed cinematagrarhy and force plates dafta. Accordinglys - the

shot—put activity may be divided into  the Tollowing fﬁnctiohal

phazeas:

1. PUSh‘ﬂf%”éhaze ~ Push—off of the rear legln A the llneér
t?Chﬁique, af Push;mff from the frdnt leg in the spin. thnquL; £

2. Airborne Phaze - The  time the ath]ate' iz 1n‘n°ﬁ‘kﬂﬁfaLtﬁ';'
phaze with the ground after the Push off.

J. Single zyeport phaze -— from the time the rear foot touches
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the circle’s surface until the moment fhe front Fook

ground.,

03

4, Double =upport pha

@ = From the moment +the fronpt faoot

touches the Sround yntil the time that the rear foot leaves the
ground. v

5. Second zingle supeort phaze - from the time the rear fant.

“leaves
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he ground uhtil‘ the r the =zhot or until the

front oo

s

leaves the ground before'reléase;

é. Second airborne'PhASE-—*this-Phase does noif occur; Qith all
thfﬁmers;'hgmeveé; uif it Sécﬁrﬁa.it is ffah the‘#oint.“?ﬁébfrcnt
”fqﬁt 1eft'the ground until tﬁe'releﬁsef
Figufeﬁ 7 tq 1@ iltustrate the ﬁfick figures of thg.ithrowers'

and show the different diviSion"Phases. _Each of the following
figures are divided inta theze phases which are shown at the %taee

-t

the figure. Figures 11 +to 14 presents kinematic data

(unsmonthed vertical dizelacement) of the thrower’s feet uzed *o

different throwers. Table -1 illustrates fhe time relationshie

for the different phasesz for the different athletes.
The Kinematics of the Shot

"The 9nal of the shotputter iz to deliver the shot at maximum

upan Ph¥zical and anatomical

zpeed and at the optimal angle baszed
factorzs., From a  pPhysics point of views the optimal) would be a

release at an and9le of 43 deQrees to the Alane of release. The






