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The bioe&anical wifestations of fatigw in the kckey skating stride have thus far been documented by 
Warino and Potvin (1989) on a gross Pechanical level . Their results sbov tbat decreases in skating velocity are 
due to slower rates of movements caused by charqer in skatiq nechanics. 

Specifically, decraased mments of force and decreased powr output at the Lnee , and decreased mhu 
energy output a t  the thigh and the lower leg were attributable to the decrements in the skatiq mecchdnics. 

This study further clarifies chdqes cccurrinq with fatigue by identifyiq energy deterioration in 
specific segments as well as variations in tbe ability to pssively exchange energies both within and betaen 
segments. This seqment by segment mechanical energy analysis has been used often i n  gait ana!yses 
(Cavaqna,Saitene L Hargaria, 1963 , Pierqnowski , Winter ard Norm , 1980 1, running analyses (Cavagna, 
Saitene i arqaria 1964 , William L Cavanagh, 1983 ), and mre recently in the analysis of cross country skiinq 
( Norman, Caldwell L. bd 1985 ). Results yield wcbanical efficiency valws for the ~ovenent patterns thus 
give a basis for inproviq segmental aecbanics. 

Nine highly skilled kckey players aged seventeen to Pwenty-one served as the subject p o l  f s r  tlis 
experinent. mey were asked to skate tvelve 20 r lengths at mxizun speed with an intervening stop ard 32:': 

tetwer. lenqtts. All players had visible joint rarkirqs and were EiLPed for each of tbe second, tenth azd 
. - Pielf3 1e:gY 9: skaticg. 

A Local caxra operating at  100 frames per second vas set up perpendicular to the skating p t h  near one erC 
of the ice. Escb player vas f i l d  for two full skatinq strides so that coordinate dah could te reccrie!! for 
a full stride (from push off af one toor to push off o! other f w t ) .  

The f i h  uas digitized using an Altek AC3O digitizer interfaced with an Apple I1 r icrmquter .  
b 13-m&r linked s g x n t  mcdel (tn*, upper am, forearms, hands, thighs, lowr legs) uas cons:nc*.d fro3 
the r, y, coordinate data of the segmental endpoints. Tbe coordinate data vere smthed using 3 Butterdcrt-7 
fourth order lov pass digital f i l ter  with a cutoff frepueq of 10 Bz. 

The Pi~rrynovski (1380) method ws used to deternine energy transference values (wrk done by Ule My) a?d 
the rate of energy exchatye (whanical p e r ] .  A general linear model statistical prograr qeneratd by SM vzs 
used to do one-vay repated leasures NOVAS and a Wey post-hoc test for energy transference means coziparison 
and for individual segaents means coupxison. 

i me underlying assumption of this method i s  that the energy of the centre of mss of the body will equal 
the sun total of a l l  individual s p e n t a l  energies. The wrk required to wve any s q m t  of the body i s  arrived 
at by s m i q  the absolute energy changes occurring in that segmt of the body. The energy in a particular 
seqxnt at any one time can be calculated by suinaiq the potential energy ard the kinetic energies dw to 
translation and rotation: a 

here E = total energy of the s e y w t  
P = the sass of the sqrent 
v = trans1a:ional velocity of me s e p n t  relative to the ice 
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h = vertical position of tbe qmmt relative to the ice 
I = segmental Meat of h t i a  
Y absolute angular velocity of the segment 

Calculating s q m t a l  emrgies over a n u m k  of f r a m  of f i h  will allow calculation of absolute wqy 
chanqes for that segmt over 2h. %e next logical step is to sum all individual -1 energy changu over 
tim to  arrive at an inteml rrbanical work value for tbe whole My. TIE equation for Rvb which accounts for 
energy transfer within and bebm segments is as follovs: 

&re SUME seg = tbe SUB of all a q y  changes for a given seqment throughout all f r w s  of .film. 

To calculate the amunt of work done by the body assmiq enerqy transfers mly within but not between 
qmts all of tbe individul segmental energies are sum& over tiu and tbe resulting SUB of the absolute 
eneq c!qa will yield WV: 

&re r.& = the cbqe  in tbe total sum of all seqnental emqies taken from one fram to the next. 

m m t  of wrk done assuming no enerqy transfers within or ktveen segrnts (Wh)  is calculated by 
sumiq absolute charges for sach E colpancnt for each segwt, tbrn sumirq these totals for all m t s  for 
all fr?zes of film. 

Yn for onc W n t  = : EP: + : EX: + : RE: 

 ere ET = change in potaitial energy from one frare to the next 
5 = &ngt in kinetic energy fro1 om fram to tbe nert 
Re = change in rotational energy from frame t o  frame 

Baviq found Vn, Yvb and W, it is finally possible to calculate the mgnitqades of energy trans!ers within 
and b e t m  segmtJ (hrb), between segments (Tb) and within all seqaents (Tv) as follovs: 

m=Wh - w  
m = W W  - ~ v b  
h a m - T b  

Ib statistically significant differences were found betoeen the three s k t i q  trials for either energy 
trmsferencc or wrk done by the My. Bouever, all work rate and rate of energy exchaqe values (except for 
uork rate dam by tbe body assusing energy exchange within and be- segaents - RYWB) bad significant 
P-ratios at p ( 0.05. The post-boc arulysis with alph < 0.05 revealed that differ- for tbe dependent 
VariabieS occuned betueen the s e d  trial and the tenth trial and between the second trial and the twelfth 
trial (except for tbe ratc of energy excbange within the seclpents of the Wy - RTW). Ilo significant differences 
occurred beten th tenth and tvelftb skating trials. 

Tbe data m r i z i n g  tbe results of tbe study are listed in tbe tables that follow. Tables 1 and 2 present 
the akolute uork and wqy transfer valws respectively, while Tables 3 and 4 sumrize th work and vrrgy 
exc.hnge rates. 
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TBLB 1 
Wlata York Values 

( 1 = 9 1  

Trial 
2 10 12 

TAKE 2 
h n p  hansfer Values 

( N a g )  

Trial 

TABLE 3 
Mrk Rates 

(1.9) 

Trial 

* Jtatistically significant differences between trials at p ~0.05. 
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TABLE 4 
Energy Transfer Bates 

( B a g )  

* Statistically significant differences bet.reen trials a t  p < 0.05. 

Individual scgnent analysis on total mrgy values revealed significant F-Ratios a t  p (0.05 for al l  
seqrents thrqhout the three trials. Tbe post-boc test with p < 0.05 revealed that the t m k ,  thigh, hard, a n  
and forean had significdntly different total energy values bebaa the second d tenth trials. The t m l ,  
sigh, hand, leg and foot were significantly different betwen the tenth and twlfth trials. The trunk, leg, 
foot, am and forean wre significantly different betwen the second and twelfth trials. 

me rate at  vhich the body can passively exchange energy within and between seqments descreased 
significantly betveen the second and tenth of the ice skatinq task, but there ?as m significant decrewnt in 
tte rate of energy exchange between the tenth and tvclftb lmgtb. 

Between the wand and tbo tenth trial,  the a m  and foream sbcw significant dec:eases in total energy. 
No further decremts wre evidenced betwen the tenth and twelfth trials. The arms could be used initially to 
transfer energy betveen JcgPents and then upon the onset of fatique, fail to effectively transfer maentun to 
the M y ,  thereby contributing to the decreased rate at  ubich the vhole body is a l e  to exchange energy. The 
thighs and tbe trunk being larger segments, bower, wuld, be a greater influence on the rate of total My 
energy transference. 

A. the skater progressed to the tenth t r ia l  of the task, total energy of the trunk and thighs decreased. 
br ino 6 Potvin (1989) shoved that stride lengtb is rot affected by the onset of fatigw, and this wuld explain 
vhy none of the wrk values were significantly different. The wntribution of the thigh and trunk to 
significantly decrease the rate of energy exchange binges on the ability to utilize gravity. ?he passive motion 
of the recovering leg allows the thigh (and subsequently the knee and foot) to attain an optimal beight abve 
the ice a t  tba end of the swing phase. But because of the decreased mment of force and powr output at the knee 
occurrim] during fatigued skating (Ihrino h Potvin, 1989),  there i s  a decreased ability to convert potential 

' 

energy (EP) due to height of leg above the ice to translational kinetic energy [EK), thus decreasing the 
translational velocity of the body. 

Ron the tenth length to tbe twelfth length there was m significant decrease in the body's rate of energy 
exchange, yet tbe thigh, trunk, leg and foot exibited significant decreases in total energy. The leg and foot * 
are used to maintain stride lergth and m t  recovery height of the free leg. This decreases tke attainable height 
of the thigh during recovery and subsequently EP at tbe end of the sving phase for the thigh, leg and fwt. %is 
translates to less powr per push. There are no significant decreases in skating velocity or stride rates fron 
the tenth to tvelfth trU (Ihrino 6 Potvin, 1989) mr are there further decreases in the rate of energy 
exchange. Decreases in tba ability of individual segments to passively transfer energy may be associated with 
metabolic costs. 
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This segaental energy analysis of the hockey skating stride provided a segment by segmeot assessment of hov 
energy flow is affected by fatigue as well as the proficiency of the segments t o  passively exchange energy 
vithin dnd betveen segipents. Significant d e c r w  in the rate at vhicb tbe body could transfer energy occurred 
between the second ad tenth slating trial length. During this the, aarked decreases in total energy =re 
observed in the thigh and trunk m t s .  

Being able to pinpoint e e  significant decrements i n  enerqy transference occur, both within & betwen 

a segments, over some period of tine, enables the observer to retire a sbtitq subject before a mre substantial 
deterioration in skating pertorranca ocms. 1 further sMy mid lore finely partition tbe length trials to 
further clarify exactly vhere the rate of energy exchange deteriorates. 

Based on tbe results of this study and with tbe lhitations in mini, several conclusions are warranted. 
There are m, significant differences i n  absolute wrk done or enem transferred during skating under varying 
levels of fatigue. %re are, hcuever, significant decreases in both wrk rates ad enerqy transfer rates as 
a skater progresses from a non-fatigwd condition. 
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