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One of the ains of East b v l i q  in cricket is to produce a high ball release speed thereby decreasing the 
tioe available to the batslan to decide upn and execute a stroke. Ibis sMy was designed to examine the 
important k t i c  parameters of the delivery stride of the fast bovliq action. !'he delivery strides and ball 
release of 17 elite bvlers (including 8 international) Ere filmed during country chapionship competition 
using a LOCUI cine m r a  a t  200 fraresls. 7 of the bovlers released the ball at over 36a/s and vere hence 
classified as fast tavlers, the remainder being f a s t - d i m .  Th relatively low iqortance of tbe run-up speed 
at tne time of ball release to the ball release speed vas irdicated by a poor correlation ( ~ 3 . 2 1 )  betdeen the 
variables. TIE ternpardl pattern of tbe mi- linear speed of joint centres during the deliver( stride vas the 
sam for all bowlers: tbe speeds increasing in a teapral sequeme tror proximl to distal joint centre as the 
tise of ball release approached. A correlation ~ a t r i x  revealed tbat the laxima linear speed of adjacent joint 
centres e r e  stroyly correlated (rxl.76) except betwen the shoulder and elbow/vrist (r-O.38/3.41) indicating 
b e  relative indepndence of the speed of the bowling arm i n  the kineratic chain. Nt3oough a low correlation 
( ~ 9 . 4 1 )  was discovered between the h e  anqle a t  ball release and the tall release sped, the bxler i  .ti0 did 
ffi: flex their knee folloving front foot contact to absorb ilpact forces released t!e ball at a significantly 
(p.O.02) greater sped than those vbo did flex their kne at  inpact. 

One of the objectives of a fast bowler vhen be delivers tk ball is t o  generate as m h  ball release speed 
as possible, which decreases the flight time of the hall and hence the time available to the batsun to decide 
upon and exxute a st:oke. Therefore the win objective of this study vas to investigate vuious k i n a t i c  
pramters during Lle delivery stride of the fast bowling action, between back foot contact ard ball release, 
vith a vie?  to  deterdnirq those vhich wst greatly influence the ball release speed. 

Subjects 
The subjects used i n  the investigation n r e  17 elite boolers (listed i n  Appendix 1) vho wre filmed durinq 

six county championship laatches i n  the 1989 cricket season (also listed i n  Appendix 1). Eight of the tavlers 
filmed had international experience playing for England, the Yest Indies or South Africa. 

s A Redlake Lock4 laode1 51 high speed cine camera runnkq at 200 Hz, verified by an internal tining light, 
vas used to film the delivery stride of a l l  subjects. The cine camera vas fitted vith a Schneider-Kreuznach mm 
lens and punted on a Kennet tripod. Eastman 7251 daylight ektdchrome high speed film vas loaded into the w r a  
and scaled to lifesize a d  referenced to the vertical by including the S t w s ,  of standard height, and a plumb 
line i n  the field of viev of the camera. A sekonic -sure neter lode1 L-398 was used to deternine o p t k  
aaera f-stop values. 
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checked by tilting the cavra before ti- to ensure that the crease line remined on the cmss in tbe centre 
of tbe lens. 

After precessing, the fills we projected by an IUC OF-16C a ~ l y s i s  projector onto a TIX 88 Series digitising 
tablet. Tbe subjects on tb fi l ls  uere digiticd ar a 14 mgmt rigid bdy, plus the ball, using the digitking 
tablet linked to an Acorn &bides 440 coprter vith asscciated software (Bartlett, 1990). Tbe coco-ordhte 
data vas slootbed wing aw aidated quintic spliaar ad ita first and second duivativea calalated. 

Op to six deliveries by each b l e r  were filred. Onforhmtely, for ror of the bvlers (e.g. PN) only 1 of 
the filaed deliveries ablr to be digitised due to thr being partially obscured by the mn-strikkq batsm 
and-or fielders. 

Ttie lean and mxbm ball release speeds for the 17 bculers uere dekmhd and are shorn in Appendix 2. 
l?te man r a r h  ball release s p d  recordu of 35.w~ (S.0.=1.9m/s) coqard vrll vith those recorded by 
eLLIC'I7 and POSTEi (1984) and wSrw and (1985) of 36.31/s (S.D.=l.lm/s, lr4 internationals) and 
34.Ba/s (n=l international] respectively for bwlers of shilar standard. 

Figure 1 : Linear Speed of Joint Centres and Ball 
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Fron tbe r a x h  La11 r e l w  speeds 7 bovlers relewd the ball a t  or over 36n/o and were h e  
classified, tinder the guidelines of MEBWETBY (1981), as fast bovlers. Ibe remlning 10 bovlers were classified 
as fastmedim 

, Selected k i m t i c  parameters obtained froa tbe =inn ball release speed tr ia l  of the 17 bovlers are 
sham In Tables 1 and 2. Figure 1 shon tbe teqoral pat- of tba linear speeds of joint centres ard tbe ball 
throughout the delivery stride, from front foot contact until ball release, of the fastest bovler analysed. 

1 TABLE 1 TABLE 2 
Run-up Speed and Ront Knee Angle at Ball lhximn Litbear Speeds [a/s] of Joint Centres (Xlrinq the 
Release [data obtained fror the rarirun Delivery Stride (data obtained Era the a a r h  ball release 
ball release sped t r ia l )  speed t r ia l)  

Subject Ihm-up Sped Xnee Angle 
[VSI [degrees] 

Subject Eip Shoulder Elbv Wrist 3rd 
xetacarpopbalangeal 

GO 3.71 185* 
PS 3.38 153 
M 2.90 196 
GS 4.n 190' 
CL 2.76 154, 
IJ 3.91 177 
PP 3.65 167 
PD 4.51 135 
CC 3.93 128 
!4B 3.09 175 
NF 3.4'3 171 
M 2.66 17bt 
WW 5.21 147 
KC 3.03 165 
IB 2 .54  ' 1!5 
SB 2.13 175' 
P8 2.82 179 

' Denotes a bowler who did not flex his 
knee foliovinq front foot contact.. 

ANALYSIS OF FXPERIYENTAL DATA 

To detenine any relationship tetwen the run-up speed at ball release (Tab.1) and the ball release sped 
(Appendix 2 )  a scatteqran was plctted bebeen the variables (Pig.2). A regression line vas subsequently 
calculated and superimposed over the dab pints  in Figure 2. A Pearson prcduct waent correlation coefficient, 
r ,  vas also Calculated for the data aM is shorn in Figure 2. The data was both nomlly distributed and 
howscedastis thus allowing the above statistical test to be applied to i t .  
To deternine any relationships between the m x i m  linear speeds of joint centres (Tab.2) and the ball release . sped (~ppudix 2), multiple Peanon prcduct m m t  correlation coefficients wre per:omed tet'veen the 
variables. As before b e  assumptions of normality and homscedasticity wre satisfied. The calculated 
correlation metiicients are presented in tbe form of a correlation matrix in Table 3. 

To discover any relationship between the knee angle at  ball release (Table 1) and the ball release speed 
(Appendix 2 )  a scatteqran bas plotted bebeen the variables (Piq.3). A regression lirse ws subsequently 
calculated and superisposed over the data points in Pig.]. A Pearson prcduct mment correlation coefficient 'as  
dl= calculated and is shorn i n  Piq.3. the assumptions of normality and homoscedasticity were satisfied. 
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Run-up Speed at Ball Release n/s 

Figure 2: Relationship Bebeen Run-up Speed and Ball Release Speed 

In - 17 sllls far1 and far1 mealum Darlarr)  
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Knee Il~iqle a t  Ball Release (degrees) 

Figure 3: Relationship Betwea Knee Angle ans Ball Release Speed 
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?hc following directional hypothis (81) uas also fonulatcd: 

The hevlers vbo did not flex their knee folloving front food contact attained a greater ball release speed 
than those vbo did. . 

To test th@ hypothesis tbe t-test for independent sanples (separate variance) was applied to the data. The 
assumption of the test, normally distributed populations vith beterogenous varia~ces, were again satisfied by 
the data. ¶?a t-value obtained of 2.41 had a propability of 0.02 and was therefore significant at this level. 

Figure 2 show that a p r  correlation, ~0.21, existed betveen tbe run-up speed at ball release and the 
ball release speed. This irdicates tbat vithin tbe group of bowlers analysed those vith the highest run-up sped 
did not necessarily release the ball vith the highest speed. The lack of a strong relationship between tbese tvo 
vzriables is reinforced by tbe analysis of 9 colleqe standard bowlers by B'JRDER (1990). These college bwlen 
attained a n?an run-up speed at ball release of 3.79r/s (S.D.=0.75r/s) vhich is very siailar t o  the l e a n  of 
3.62n/s (S.O.=O.4Zl/s) recorded fror the 7 fast bovlers i n  this investigation. Bowever the elite fast bcwlers 
released the ball (lean speed=37.0m/s; S.D.=1.03n/s) approximately 9n/s faster than the college bowlers (ban 
speed=28.2l/s; S.D.=l.l4r/s). 

Figure 1 shovs the tempral pattern of the linear speed of the joint centres and the ball &oqbut 
a delivery stride, from front foot contact t o  ball release, of the fastest bwler analysed. The pattern shorn in 
Fipre 1 is typical of all the bowlers analysed. Polloving front foot contact, at approximtely 0.12s before 
ball release, the h i p  reacbed its larim linear speed vhereupon i t  beqan to  decelerate to allow the shoulder to 
reach its lax inu linear speed. Th elbow and nis t  pint centres then reached their taxirun l h r  speeds and 
penultimately the 3rd ~tacarpphalangeal joint reached its larim approximately 0.32s before tail release. kt 
the end of the kinemtic chain tbe ball reached its naxinur linear speed of approximately 37n/s in this trial. 
An interesting observation fro@ Figure 1 is the large difference between the maximu iinear sped of the I d  
metacarpophalxiqeal joints and the ball, which apears to be a k h t i c  trait of the fastest towlers analjssd. 

TABLE 3 
Corelation Mtrix of Kaxhum Linear Speed (NU) pf Joint Centres and Ball 

X 1 MIS of Hlp 

X2 - MLS of Shoulder 

X3 - MLS of Elbow 

X4 MLS of Wrist 

X5 : MLS of 3rd Mala 

Y 1 : MLS of Ball (1.e at ball relessel 
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Table 3 shows a correlation matrix betveen the r a x h  linear speeds of the joint centres shorn in F i g w  
1 and Table 1 and the ball. Ror the matrix it can be reen tbat the laxiaap linear speed of the hip is stroqly 
correlated, ~ 0 . 7 6 ,  mtb that of the shoulder. Bwever i f  the relationship betveen the next two adjacent joint 
centres is exanined, tbe shoulder and elbov, only a poor to  aderate relationship, ~ 0 . 3 8 ,  is evident. 53is 
bigblights the irdependem of aqdar lpeed of tbe hliq arm in Ule kinemtic chain and indicates tbat high . 
raxinu liaeK speeds of tk stmlder and hip will not necessarily result in a high narinu linear speed of the 
elbov and vrist and subqa&g a high ball release speed. Fowds the terrinatim of the &in the mxirmn 
l i n m  speed of the elbow is strongly correlated, ~ 0 . 8 3 ,  to that of the wrist, vhich vas to be expected as the 
bowling am shculd remain extded a t  tbe elbov to d o n  to the lam of cricket. A sidlaq high correlation 
of 0.94 existed betveen PBe m x b  linear speed of the wrist and adjacent joint centre the 31'6 

' 
oetacarpphalangeal. A t  tbe ePd of the kinemtic &in the wrrelatioa betveen the I U X ~  linear speed of the 
3rd etacarpophalangeal job& and the ball release speed, ~ 0 . 7 3 ,  is again higb inlicating that a large ball 
release speed will result frm a high miwm l i m  speed at this distal joint mtre.  Howver the association 
betwen the tw variables is not perfect and docs suggest that variations in tbe actions of the fingers 
immediately before ball release my influence the final ball release speed. 

Ror Figure 3 i t  can be seen tbat a loderate relatioship, ~ 0 . 4 1 ,  exists betwen the be angle at ball 
release and the ball release speed. However mre revealing is the significantly higber ( ~ 0 . 0 2 )  ball release 
speed attained by those bowlers did not their front knee folloving front fwt contact t o  absorb the impact 
forces elrperienced. The ilportdnce of the bebaviour of the front knee betwen front foot mntact and ball 
release to the ball release speed, as indicated abcve, is gain reinforced by the analysis of college bowlers 
mdertaken by BDRDEW (1990). Ron tbe 9 college bovlers analysed, who as stated previously released the ball 
approxi~tely 981s s l o w  than the fast bowlen a~lysed i n  this investigation, only 1 did not flex his knee 
folloviq front foot contact. In colparison 4 of the 7 fast bovlers in this sMy did not flex their h e  and 
the 3 fastest released the ball over an byperexterded h e .  

CCNCYUS ION 

The relatively low effect of the run-up speed at the tine of ball release on the ball release speed was 
indicated by a p r  correlation, ~0.21, betveen the tvo variables. Bowver the high correlations ( ~ l . 7 3 )  
between the uimu linear speed of joint centres of the twlinq arm and their adjacent joint centres and the 
ball indicated the hportance of thc speed of tbc bowling am to  the speed of the ball. Similarly the 
significantly greater (pE0.02) ball release speed attained by the bovlen vho did not flex their front knee t o  
absorb the h p c t  forces of front foot contact indicated the importance of behavim of the knee before ball 
release to the ball release speed. 
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