ELT, RKEAR—LR—DXYIFEHREMHEL, BEL-LDTY,

F 17T RBIBRNAFTANZVAFZEZKRE

FEBERNAAFANZYRER

TERAEEXRE RE PRXF


http://idaten.c.u-tokyo.ac.jp/jsb/

BERNAFA AN IR ER

FAThH ERE

9 B 13 H(Z) 13:15-13:45 431 H=E

BENAFIDZHOZAZRPRER BRAFTEK

WMAFFARK (198352 A)
RHFAKDIRE

KIESHFN919%F)6 A 18 HEIURICEFN S, BBF1 20 F£(1945 F)9 BERFEABE
FIERANIRRI 222, BT 34 ££(1959 )9 AR FEARFIVERBETORMUES,

MEREZF RARXKZMF A HEXRFHMBERERETHMIS F19605F)1 A4
BRFHIR, AOEXFTHEEMR BRERBAFTHFEL I —REHE, B
58 (1983 HF)FFRE, TD®R. BRI XZHER BRKEXRFHR, BHEZEA
AR—YERZFREREHES -TREEE

AANAAANZOREROMBTHEF AL AOS—FRETHOE | BEAS
AAC—tEIF—(1NFE E2HBDETEER. BLUVE SRERFNAFAHZIR
22 KX (?th International Congress of Biomechanics, 1981 &£, 2 HE) D KEE
DB, E-HARNAFANZHIRZEDPRERETELHH(1994 F£~1997 &), =
BUESBE)— S~y T T hAEDF R LA OT—FE, /A4 A= I RBZ
#EFL|ILTCERUNMEZMA. BERNAF AN OREL (I ZIHERAITHEFIEET

o

PHRE BHFLEEZHAS] ETRER (BEXFHER)

N



AR
9 A 12 HCK) 13:45-14:30 431 #H=E

Sport Biomechanics in a New Century

— The Promotion of Biomechanics in Movement Evaluation —

Professor Bruce Elliott
(The School of Human Movement and Exercise Science,

The University of Western Australia)

Professor Bruce Elliott M AT

TIL—R I A vrE T School of Human Movement and Exercise Science,
University of Western Australia DZ#E T, 1991 E£M5 2001 FORZFIZHI=UZFDEF
BEZHEOTzc AR—YNAFANZIRDA—V) T4 T 140 FHLLEDEEH 10
MNEZEZ. 23D IE#MEZEZNH D, International Society of Biomechanics )
2, Australian Sports Medicine Federation D 7z O—7% &, ZL DM AR DEE LTS
HTWS,

International Society of Biomechanics, The IOC World Congress on Sport Sciences,
Medicine and Science in Tennis 74 E ZLDEREE THREHFRETTO>TE =, £
International Society of Biomechanics in Sports D ExHFEH D Geoffrey Dyson
Award & 1989 F(ZZEL71=, 1999 [ZI& Z 5@ 10C World Congress on Sport
Sciences NDAEE R, £1- 2000 FOVRF=—F)VEYITIXIOC EEEZESME
TACIINDF—T7aA—T 41 —3%EHEDI=,

TIL—RIT)AyMMELIZ(EISport Biomechanics in a New Century— The Promotion
of Biomechanics in Movement Evaluation| &EREL TEEEHFEL\LT=, [/\1F AH=2H
RFEETHHELNSEF DN ONANAFT AD=RFE EHREICTERLZLEY, /N
AFAN=AME 21 HIEICEVTIHERBEERBIEGEIMELNGL IENS—XTR



DEFEDOHERITIBDH SN TULVS, International Society of Biomechanics in Sports M
RPERTEHIKIE. SEDNAA ANV RD A MM EHEL TV 12DIZ&
HHEELWLAYENZ LS,

E % E-3-M(CRIAICIHE)


http://www.htc.nagoya-u.ac.jp/JSB2002/lecture.pdf

Sport Biomechanics in a New Century
The Promotion of Biomechanics in Movement Evaluation
Bruce Elliott
The School of Human Movement and Exercise Science, The University of Western Australia,

Australia (Bruce.Elliott@uwa.edu.au)

Introduction

The sport biomechanist of the 21* century may be “an endangered species” unless we can show that we
can make a difference. Research related to the optimisation of movement techniques must improve
performance, reduce the incidence of injury or lay a theoretical foundation for future applied research.
Research following the identification of the etiology of injury, must show that the incidence or severity of
injury is reduced, following a program where “best practice”. The van Mechelen et al. (1992) approach

suggested a 4-step prevention process, namely:

1. The collection of epidemiological data to identify the problem.

2. Identify the etiology of the problem

3. Educate the relevant population as to the techniques needed for
prevention.

4. Evaluate the effectiveness of preventative measures.

This works very well in clinical, occupational and sports biomechanics
research related to injury. I will briefly describe how this approach was used

to reduce the incidence of back injuries in cricket fast bowling (Figure 1).

Epidemiolgy: Data have clearly shown that incidence of lumbar stress
fractures and disc abnormalities was high in fast bowlers. Figure 1: The cricket
Etiology: A prospective and several longitudinal studies using videography fast bowler

and MRI have shown that shoulder alignment counter-rotation was associated

with the development of lumbar stress fractures and disc degeneration (eg, Foster et al., 1989).
Education: An annual half day clinic and 6 small group coaching sessions spread over the season were

held to assist the bowlers reduce the level of

. . S 80

shoulder counter-rotation over a 3-year period. £ e Bumett et al.
. g 1996
Evaluation: Data showed that small group S 40 /
> 20 74'/"/—"—' —m— Present study
coaching significantly reduced the level of 2 o
shoulder alignment counter-rotation in young fast 135 145 155 165
. Y

bowlers from 35° to 21°. The incidence and ears

Figure 2: Lumbar disc degeneration over 3-years



progression of lumbar disc degeneration were also reduced. Figure 2 compares these differences with

those of Burnett et al. (1996), where young players were tracked for 3-years with no coaching intervention.

However, sport biomechanists interested in technique development may use a slightly different approach.
In their 4-stage model only the biomechanical data presented to coaches is discussed in any detail.
Identification of the problem: This is usually developed after discussions with coaches and players.

1. Leg-drive: Research by Elliott and Wood (1983) outlined the advantages and disadvantages of the foot-
up (Figure 3) and foot-back service techniques. With an understanding of the
mechanical features of these two service actions, coaches are able to adjust the
foot movements of their players, with a full appreciation of the aspects of the
serve which would be enhanced, while accepting that other aspects may suffer.
Recent work by Elliott and colleagues (2002) on professionals has shown that
players with a mean 15° of knee flexion, in preparation for the drive to the ball,
reduced the loading on the shoulder and elbow joints when compared with
players who only flexed by a mean of 7°.

2. The backswing: Research by Elliott et al. (2002) has shown that

modification to the way the racket is taken back prior to reaching this position,

has minimal effect on service velocity. However, there was a trend for higher
forces at the shoulder for players who used the abbreviated backswing when e :
Figure 3: Player with

compared with players who adopted a full backswing. an effective leg-drive

3. Trunk rotations: Bahamonde (2000) showed that angular momentum was

transferred from the trunk to the hitting-arm in an effective manner during the power serve. He also

showed that the trunk rotated about three axes to enhance this transfer.

* Forward rotation. This is an important source of angular momentum in a serve.

*  Twist rotation: Only of minor importance.

*  Shoulder-over-shoulder rotation: It differentiates
better servers from those who are less effective
(Bahamonde, 2000).

Coaches must teach a correctly positioned ball toss, if

appropriate trunk rotations are to occur. Chow et al.

(1999) showed that impact was in front (male = 0.79 m:

female = 0.76 m), and to the left (male =-0. 17 m:

female = -0.15 m) of the front-foot for elite players.

Figure 4: Early forwardswing



4. The position of maximal external rotation: This is the power position of the serve, and is similar to
the position commonly seen in baseball pitching. Elliott et al. (1999) showed that if minimal pause
occurred between the completion of the external rotation of the arm and internal rotation, then = 15%
enhancement to hand velocity was recorded, when compared with the level for a 1.5s pause. Bahamonde
(1997) reported a negative power (-220 Watts), when the arm was maximally externally rotation, showed
how an internal rotator torque was present during the final stages of upper arm external rotation. A large
eccentric load (pre-stretching prior to the concentric contraction) was therefore present in the internal
rotator muscles during this phase of the action (Figure 4).

4. Coordinated action: Rhythm has always been a key element of the service action. Early 3D
descriptions showed that the linear velocity of the shoulder, elbow, wrist and racket-tip occurred in a
proximal to distal sequence (Elliott et al., 1986). Understanding of the segment contributions to racket
velocity (internal rotation of the upper arm = 40% and flexion of the hand = 30%) plays an important role
in physical preparation for repeated service actions, as well as in stroke development (Elliott et al., 1995).
5. Impact: The trajectory and speed and height of impact have all been shown to be critical to success in
the tennis serve. Yandell (2002) in analysing the serves of Sampras and Rusedski (serving at =190
Km/hr) reported, as Elliott (1983) had done many years prior, that there was no such thing as a “flat”
serve” at a high performance level. The ball was reported to be rotating at approximately 2500
revolutions per minute.

Research by Matsuo et al. (1999) on baseball pitching has provided tennis
coaches with an interesting challenge. They reported an angle between the
trunk and the upper arm of =100° produced maximum velocity and minimal
shoulder and elbow load. The server in Figure 5 shows this alignment.
Such a position clearly requires tennis coaches to consider many factors
such as; ball position at impact, trunk rotations and segment coordination to
achieve this angle.

For internal rotation to play its role the racket can not form a natural
extension of the forearm immediately prior to impact. While the body
should be off the ground and almost in full extension, the hand should be
positioned more over the head of the server (racket at an angle with the

forearm: Figure 5).

Education of coaches: In most circumstances it is imperative that coaches .

Figure 5: Arm and racket
use the applied results provided by the biomechanist. It is therefore  alignment at impact
important that players who modify their technique, on the advice of a coach

or biomechanist, actually benefit from this change.



Evaluation: This may take a number of forms. A player may serve at a higher speed, compete better
under pressure, or with a reduced likelihood of injury. Coaches need to feel confident about the results
produced and support applied research programs.
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