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Abstract 

The purposc was to examine the effccts of active and passjve recovery on blood 

lactate concentration and performance in a simulated ice hockey task. Eleven 

university, var~ity and mtramural level hockey players performed one continuous 

aerobic cycle ergornetcr te~t (\102max) and three Repeat Sprint Skate (RSS) tests. 

The RSS te,>t consisted of fotI.:- repetitions of a 91.4 rn skate with repctitlOns initiated 

on 301. intervals, rcpcaled SIX times with six minutes of recovery between each RSS 

test. This protoco! was performed using passive, skating, ùnd cycling recovery. Results 

indicated: (1) The dIfferencc hctwer/l prc and post test blood lactate concentration 

was simllar III the passive and skating conditions but significantly lower (p<O.Ol) in the 

cycling condition. (2) Spced index limes were similar (p>O.05) among aIl 

expcnrnental conditions. (3) Anaerobie endurance index times were significantly 

faster (1'<0.05) in the skating and cycling recovery conditions. (4) There was 

significHntly lc~s (p<O.05) drop-off in the skating and cycling recovery wnditiolls. 



Resume 

Le but de cette étude était d'examiner les conséquences d'une période de répétion 

active ou passive sur la concentration plasmatIque de lactates et la performance lors 

d'une épreuve simulée de hockey sur glace. Onze joueLr~ de hockey de niveau 

universitaire ou intramural ont été soumis à une éprcuve COllt inue maximale sur 

bicyclette ergométrique (V'02max) am si que trt)!S SprInts Répétés de patinage ~lIr glace 

(RSS). Le test RSS comprenait six sets de quatlc répétitions de 91.4 m de plltinuge Mir 

glace. chaque répétition étant espaéee par 30 secondes. Une pha~c de rél:llpératlOll de 

six minutes était allouée entre les sets. Les participants étaient as~ignés ~()it à tille 

récupération passîvc ou à une récupération active elfectuée en patlllagc ... ur glace ou 

sur bicyclette ergométnque. Les résultats ont perml~ dl' démontrer (1) des 

concentrations plasmatIques de lactates slmilairc~ chc" le~ grollpe~ ayant récupéré 

façon pa~;sive ou en patmant, qui demeuraIcnt toutcfoi~ illférieure~ aux valcur~ 

observées ChCL le groupe ayant utilIsé la bicyclette. (2) de~ mdlccs de performance Mlf 

glace similaires pùur toutes les conditlon~ de récupératIDn. (3) dcs il1dlle~ d'clI()urancc 

anaérobie significativement plus rapides che/' lc~ groupe~ ayant bénéfiCiés d'ullc 

recupération active. (4) un indice de fatigue ~igniflcativemcnt moill.., marqué chc/. Ic~ 

groupes ayant bénéficiés d'une récupération actIve. 
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Chapter 1 

Introd uction 

Ice hockey is a game of Canadian ongm which today is popular throughout 

Canada, the United States, dnd Europe. The game incorporates characteristics that 

make it one of the faste st and most exciting sports in the world. 

The game demands from the playcr a balance of power and endurance, therefore 

both the acrobic and anaerobic cner/,'Y systems are heavily taxed (Green and Houston, 

1975; Houslon and Green, 1976; Scliger ct al., 1972). This presents the coach with a 

ulllquc problcm. Ile mu!>t use training techniques which will induce maximum 

dcvdopment of both cnergy wstems Regardless though, of how weil trained the 

alhldc may hc, due 10 the tast paced nature of hockey, there will always be an 

clement of fatigue. Today many coaches turIl to the scientist to analyse and help solve 

~uch problcll1". l'lm I~ the ca~c 1Il mally spoïb, not just hockey. 

Whcn il :-clcnllhc approach is taken, athletes are usually evaluated using tests 

which have bcen proven 10 be valid, rdiable, and objective. Through the use of tests 

whieh ~iI11l1late gaml~ conditions, physiological parametcrs that influence performance 

ean he mca~urcd and analy/.ed. Once this process is complcted, problems can be 

idcnlIflCd and the appropriale solutions implemented. The merger of science and sport 

ean tlms he bencficial to the coach, athlete, and scicntist. 

l.I Nature and Scopc of the Problem 

Somc characteristics of ice hockey include high intensity intermittent bouts of 

skating. rapit! changes in vclocity and duration, puck handling skills, and frequent b0dy 

contact (Montgomery, 1988). In order to kcep the pace of the game at a high 

intcnsity, hockey players participate in shifts. The active on-ice shifts are 
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approximately jO to 80 seconds in duration ar. j the off-ice recovery periods me four to 

five minutes in length (Montgomery, 1988). Due to the nature of the gmne and the 

relatively short on-ice duration, the player is expccted to put forth a muximal and 

sometimes supramaximal effort on every shift. In order to put forward such an effort, 

the anaerobic energy system must be hcavily taxed (Grecn, 1979; Gwcn cl al., 1978h; 

Houston and Green, 1976). 

Any sport which involves high intensity intermittent boub of activity, that lire 

longer than 10 seconds, will draw energy from anaerobic glycolysis (Green, 1979; 

Lehninger, 1982). Even though glycolysis has a high ATP yicld pCl" unit time (nrccn, 

1979), one rlisadvantage of its use combined with short rccovery pCI iocb is IlIl 

accumulation of lactate. The rate of accumulation will dcpend on thl' IIlten!'>ity of the 

task. Highcr work intensities will more quickly bring about a critieul lactate lcvc\ 

(Hermansen, 1971). If lactate concentration rises and stays abovc criticnl levcl~, 

acidosis will lead to muscular fatigue (Green, 1979; Joncs and (Jreen, 19H4), which 

limits the player's ability to reproduce optimal performances. 

Presently, icc hockey players recover by pa~sjvely ~itting four 10 live miIlllte~ 

between shifts. Lactate r('moval is relativdy slow during pas~ive recovery If active 

recovery was employed bctween shifts to increasc the rate (Jf lactate rCll10val the 

physiological potential for the players to play to their capacity would he cnhanccd 

(Jacobs, 1986). 

Early studies by Newman et al. (1937) and Rammal and Strom (llJ49) ind icated 

that active recovery dc,::reases the tilI1e takcn to lower bload lactate Icveh ln IIcar 

baseline values. A rccent study that examineJ recovery using a ~imlliated hockey ta~k 

(Watson and Hanley, 1986), found that actIve rccovery (benc!Htepplllg und ~kating) 

decreased blood lactate levels to a grenter degrcc than pa~<;)vc rccovcry. Skating, 

bench-stepping, and resting recavery lowered lact~·tc lcvcl~ by 45, 45, and 35%, 

respectively, after 15 minutes of recovery. Initial di~tallce<; ~kated were ~tatI~tically 

similar. Post recovery skating distances werc similar acros<; ail condition.... Pc~t 

------
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recovery skating performance levels were lower for aIl recovery conditions. Thus 

active recovery in this particular case increased lactate removal, but did not affect 

performance. 

In most studies, when active recovery has been examined, the mode of recovery 

was identical to the initial type of exhaustive exercise (Belcastro and Bonen, 1975; 

Boileau ct al., 1983; Bonen and Belcastro, 1976; Koutedakis and Sharp, 1985; Watson 

and Hanley, 1986). Whcn different modes have been compared (Krukau et al., 1987; 

Siebers and McMurray, 1981), the sport-specifie mode usually proved significantly 

morc effective than the non-specific mode, although contrary findings do exist (Watson 

and Hanley, 1986). Recovery time between hockey shifts is inadequate in duration to 

permit blood lactate concentration to return to resting levels if recovery is of a passive 

naturc. Since both skating and bench stepping are impractical recovery methods fur 

hockey, then a form of active recovery that employs similar prime movers to skating, 

and is casily employed between shifts, should be investigated. 

1.2 Significancc of the Study 

Through the use of time-motion analysis and the measurement of blood 

parametcrs such as lactate concentration, hockey games, periods, or shifts can be 

simulatcd. Simulations aid investigators to examine variables that may limit 

performance. 

Green ct al. (1976; 1978a) observed a decrease in blood lactate concentration 

frorn the first to the third periods. Lactate concentrations ranged from 80.3 mg% at 

the end 01 the first pcriod, to 38.0 mg% at the end of the third period (Green et al., 

1976). This could indicatc a drop in energy production. Simulated ice hockey tasks, 

consisting of 10 one-mmutc bouts of skating at a velocity equal to 120% of V02max 

separaled by l'ive minutes of passive recovery, elicited blood lactate concentrations of 

10.9 mmol/l artcr 30 minutcs and 13.3 mmolll after 60 minutes of intermittent skating 
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(Green, 1978). Montgomery et al. (1988) and Watson and Sargeant (1986) observcd 

lactate values of 10.7 mmol/l and 11.5 mmol/l respectivc!y, following six skllting 

repetitions of 91.4 meters. Subjects performcd the repeat sprint skate (RSS) hockey 

fitness test as described by (Reed et al., 1979) to simulate an intense shif1. BIood 

lactate values of this magnitude reflect significant acidosis in the muscle causing 

metabolic and contractile disturbances, rcsulting in decrensed work performance 

(Green, 1979). 

Half times for lactate removal have been reported to be 20 minutes under pllssivc 

recovery conditions (Bonen and Belcastro, 1977). Depending on the intcnsity of active 

recovery, half times of 9.5 minutes (Sahlin et al., 1976; Stamford ct al., 1981) und 10 

minutes (McLellan and Skinner, 1982) have bcen reported. 

If active recovery was employed between shifts, therc cxists a possibility of 

improved performance on subsequent shifts. Since a ~ccondary skating arca is scldom 

available to the player, the opportunity to use skating as an active rccovcry mode 

during games to counteract sorne of the lactate accumulation in a shift, i8 not practical. 

If another form of active recovery that used thc 1>umc prime mover~ as skatmg wa~ 

shown to be as statistically effective as skating in cliciting lactate oxidalioll, the pluyer 

should benefit by an mcrease in performance. Il is fea1>ible to perform active recovery 

by cycling which may serve as a substitutc for ~kaling. If cycling 18 proven !\tati!\ticlllly 

to be as expedient as skating in removing lactate, it would be r()~"lble to design 

portable cycle ergometers that the players could U!\C betwecn shifts in aclual gam'.! 

situations. 

1.3 Statement of the Problem 

The aim of this study was to compare the effect of two modes of active recovery 

(skating, cycling) to passive recovery on blood lactate concentration and performance 

in a simulatt!d ice hockey task. The simulated ice hockey lask was a modificd vcr~jon 

of the repeat sprint skate test (Rhodes ct al., 1985) that wa" rcpealcd for "ix lnal<.. 
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This study examines the following hypotheses: 

1. BIood lactate concentration will be significantly lower following active recovery 

conditions than a passive recovery condition. 

2. The speed index variable of the RSS test will be significantly faster in the active 

recovcry condltions th an a passive recovery condition. 

3. The anaerobic endurance index variable of the RSS test will be significantly lower 

in the active recovery conditions th an a passive recovery condition. 

4. The drop-off index variable of the RSS test will be significantly lower in the active 

recovery conditions th an a passive recovery condition. 

1.4 Operation al Definitions 

1. Active Recovery: 

skating or cycling 

test) . 

2. Passive Recovery: 

A form of recovery in which the subject exercÏses by either 

at a submaximal level following high intensity exertion (RSS 

A form of recovery in which the subject sits on the bench. 

3. Shift: An eight minute time segment during which the subject completes one RSS 

test (two minutes) and one recovery interval (six minutes). 

4. Repetition: Each of the four segments within the RSS test during which the 

subjcet skates fmm goal li ne to goal line and back tu the opposite blue line. 

5. Speed Index: The time requircd to skate one length of the ice (54.9 m) on the first 

rcpetition of the modified repeat sprint skate (RSS) hockey fitness test (Gambie, 

1986). 

6. Anaerobie Endurancc Index: The total time required to complete four repetitions 

(4 x 91.4 m) of the RSS hockey fitness test (Rhodes et al., 1985). 

7. Drop-off Index: The difference between the fastest and slowest repetitions of the 

RSS hockey fitness test (Reed et al., 1979). 

1 
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1.5 Limitations 

Ice conditions may not be exactly the same for aU subjects. 

1.6 Delimitations 

1. Subjects were male hockey players of varsity or intramural level. 

2. Subjects were student5J at McGill University. 

3. Subjects ranged between 20 and 25 years of age. 

4. The ratio of on-ice shift length ta off-ice recovery time was 1:3 

(two minutes: six minutes). 

5. Only forwards and defensemen were uscd . 

6 
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Chapter II 

Review of the Literature 

lbe accumulation of lactic acid in the skeletal muscle, and its subsequent 

diffusion into the blood is one of the physiological aspects that is associated with both 

objective and subJcctivc muscular fatigue. Short term, high intensity exercise 

performance is notably cffected by lactate build-up (Jacobs, 1986). Hockey being a 

sport that involves high intensity intermittent skating, combined with rapid velocity 

changes and rcpcatcd body contact draws frcqucntly on anaerobic energy sources 

(Montgomery, 1988). Duc to the nature of hockey, there is an accumulation of lactate 

in the skcletal mw,c1e. Rccovcry tim~ bctvvcen shifts is too brief to allow the dissipation 

of lactatc back to levcls that will not cfrcct the performance of the player. 

At this point in time, playcrs rccover passively between shifts. Studies focusing 

on active recovely havc clemonstrated that active recovery increases the rate of lactate 

rel110val (Bclca~tro and Bonen, 1975; Davles et al., 1970; Newman et al., 1937; 

Watson und I1anley 1986). Acllve rccovery studies are infrequent and when applied to 

hockey arc almo~l non-existent. 

Thi~ ~cctlOn of the mvestigation will give a brief review of the scientific literature 

pcrtaining to the physiologieal and biochemical nature of active recovery. The chapter 

is divided into five sections: 

2.1 Lactate Mctabolism 

2.1.1 Production 

2.1.2 Removal 

2.2 Excrcise Intensity and Lactate Removal 

2.3 S'peelficity of Excrcise Mode 

2.4 Performance and Lactate Level 

2.5 Energctic~ of lec Hockey 
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2.1 Lactate Metabolism 

2.1.1 Production 

Lactate is the terminal substrate of a tinear biphnsic biochemical pnthway known 

as glycolysis. Glycolysis is a process by which glucose is enzymatically catabolized in a 

sequence of 10 reactions that yield pyruvate. Under anaeroblc condition~ such as high 

intensity contractions of the skcletal muscle, pymvate IS reduced to lactate. This 

process is commonly known as anaerobic glycolysis (Lchninger, 1982). 

Reactions, substrates, and cIlzymatic catalysts involved in the conversion of 

glucose to pyruvate and then into lact1te will bc briefly ~llmmarJled. The tirst priming 

reactÎon is the phosphorylation of glucose to glllcme 6-phosphate catalYi'cd by 

hexokinase. Glucose 6-phosphate is then converted to tructose h-ph()~phate cataly/cd 

by phosphoglucoisomerase. Fructose 6-phosphate the ~cc()nd pru.lll1g rcacllo/l, 

catalyzed by phosphofructokinasc yiclds fructose 1,6-dlpho\phatc. I-'ructosc 

diphosphatc aldolasc th en calalyzes the cJeavage of fruclo<,c 1,6-<hphoo.,phate tn 

glyceraldchyde 3-phosphatc. Glycoly~is cntcrs Its ~econd pha ... c whell glyccraldehyde 

3-phosphate is oxidizcd to 3-phosphoglyccral phosphate Lutaly/ed hy glyceraldchyde 

phosphate dehydrogcnase. Phosphoglycerate kina\e then tr<1I1 ... Jclo., 11 11Igh cnergy 

phosphate group forming 3-phosphoglyccratc. Pho~ph()glyccrate Illuta ... c ultaly/c", the 

conversion of 3-phosphoglyccratc to 2-phosphoglyœrat<:. blOla<,c th en proll1ote~ the 

dehydration of 2-phosphoglycerate 10 phosphoenolpyruvatc. Pyruvatc kllla<,e l~ the 

catalyst in the transfer of phosphocnolpyruvate to pyruvute. Ullder aerObJL condJtion:-" 

pyruvate is oxidlzcd to form acetyl-cocllIyrne J\ whl..:h Jo., u<,ed III the Krel> ... cycle. 

When the tissue i~ fun..::tlOnJng anacroblcally, lactate 1 ... formed through the rcduclJoll of 

pyruvate cutalyzed by lactate dehydwgenu .. e (Lehninger, 1982). A .,chcmatic 

representatIon of glycolysls IS illustratcd III FIgure 2.1. 
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Muscle fibre type, enzyme lcvcls, and enzymatic activity within the muscle have il 

strong influence on lactate production dunng cxcrcisc. Sahlin and lIenricksson (lWl4) 

observed traincd subjects who possc~sed a highcr perccntage of slow tWltch (ST) IIhre, 

than fast twitch (Ff) fibres. Mitochundrial and glycolytic ellIymniIc acllvlly Wl'fC 

measured. The trained subjects had signiflcantly highcr CIl rate ~yntha:-.c (CT). 

succinate dehydrogenasc (SDH), and 3-01I-acyICoA dehydrogena!-.e (1 JAD) aclIvlty 

levels, th an the sedentary subJccts. The trained subjects were ahle to 'u,talll an 

isometric contraction at 60% maximum voluntary contractIon (Mye) for Il lnnger 

period while producing less lactate. Essen and I1aggmark (1975) mCH"ured muscle 

lactate levcls in type 1 (ST) und type II (Fr) rible~. After HO ~CCl)IHls of dynamlc work 

at 100% 'V02max and 65 sccond~ of stalie work al 50(X. MVe, mU'lde laLlalt: Icveh 

were highcr (5 and 10 mmoI/kg wct wcight) hlghcr in the type Il fIbre,. Te,cl! ct al. 

(1978) studicd lactate accumulatlOll III musçJe~ ihat were III a ~tatc 01 local fatigue 

caused by rcpcattd l~okJl)ctic contractIOJl',. Lactate dehydrogcna~e(I J)J 1) aLllvlty, 

LDH i';ozymc, and fIbre type dl" >\ltlùll were mea\ureo Lactate C()l\centratlon Wll~ 

found to be slgmflcant\y hlghn in the la~t tWlteh(Fr) rnll'>c1c libre~ Tc"ch, (1(J7H) al,o 

found thnt lactatc wm ll1 hlghcr c()ncentration~ III Fr ftbre,. SignlllulIlt lOllddtJ()IJ'" 

were found bctwccn total LDII acÜvlty and lactate COll u.'lItrat JO Il , IIlU'c/C I.I >II ad IVII y 

and lactate conccntratlOll, total LDIJ actlviLy and mll"Llc fIbrl: type (IJ,,' flhuIIO/], and 

muscle LDH activlty and mmc/e fIbre type dl,tnblilloll. Thnc f IIldlllg' Icad 

investigators 10 the cOnclUSIl1Il that became 01 thL: greLltt:r total 1 ,])!I actlvlty alld hlgh 

proportion of muscle LDB, Fr muscle flbn:... arc capable of prodllUllg IlIghcr 

concentrations of lactate than ST fIbre,>. huthL:r "upport for thl ... concltl~l(lll " fOlllld III 

studICs which compare ~print tramco to L:ndurancc Iramt:d "ubJcct, (Mcd!J() and 

Sejerstcd, 1985; SCjcrstcd ct al., 1~82; Sharp cl al., 1~S6; '/'L:,,,,h alld Karh<"oll, l1JH4) 

The sprint tramcd athlet(;~ had hlgher IT film: area, grcatcr glyuJlytlc clll:yme 

activity, and highcr lactate lcvcl!-. followmg cxhumtlve cxercÎ)c. 
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~Ibrough tracer experiments using [U_14C] lactate in rats (Brooks and Divinf,­

Spurgeon, 1982; Brooks and Gaesser, 1980; Donovan and Brooks, 1983), sodium 

L( + )_[J-14C] lactate in dogs (Depocas et al., 1969; Eldridge, 1975) and 

Na+-D,L(+ )-2-3-(13C) lactate In humans (Hubbard, 1973; Mazzeo et aL, 1982), 

researchers have found that lactate does not just accumulate in the body during 

cxercise, nor does the b~)dy stop producing lactate below a certain work intensity. This 

indicate~ that lactate production levels arc in a constant state of flux. Blood lactate 

concentratIon rcflects the balance of a dynamic steady state (Brooks and Divine-

Spurgeon, 1982' 

2.1.2 Rcmoval 

Lactate produced in the muscle ceU difiuses into the blood. Lactate is a 

rclatively small and ea"ily diffUSIble molecule (Hermansen, 1971) which permeates 

across the cell membrane 111 an iOI1!zcd form (Ilirche ct al., 1973). Lactate is removed 

lrom the blond through a number of dIffercnt ~ltcS. Thesc removal SItes include the 

hemt, kldneys, ~plecl1, bram, live!, and skcletal mu~cles (McGrail ct al., 1(17). The 

heart is rc~\ponslbIc fOl about 10'10 of the lactate removed during cxcrClse. The kidneys 

and bram arc mll10r rcmoval SItes and contnbutc rclatJvcly littlc 10 the lactate removal 

procc~s. The IIver convcIt~ about 25% of blood lactate to glucose dunng rest and 12 -

20'X) ùunng cxern~c. Rowell el al. (1966) ~tudîed subJects during treaùmJll exercise 

reqlllflng 48'1.) to 70'Yo 01 \'O;:max. Through coll\tanl mfu<;lOn of indocyaninc green, 

splanehllle removal of lactate wa" calculatcù. Rescarchcrs conc\udcd that up to 50% 

of lactate proùuccd during moderatc exercisc is removca by hepatlc-splanchmc tissues. 

Subsequenl ~tlldIC ... (hd not colleur with Rowell'<; find1llg~. Hermanscn ct al. (1975) 

ob~erved that the major rcmoval ~ite for lactate dunng cxcrcise is the ~keletal muscle. 

As much a~ 75% of bll)OÙ lactate produccù during CXCI cise is metabohzcd by the 

working (Mmarc ,md Fonchon, 1975) and non-working skcletal muscle (Poortmans ct 
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Tracer studies indicate that lactate turnover is dircctly rclatcd to mctnbolic rate 

(Brooks et al., 1973; Brooks and Divine-Spurgeon, 1982; Brooks and (Jacsscr, 1980; 

Depocas et al., 1969; Donovan and Brooks, 1983; Eldridge. 1975: Issl'kutl ct nI., 1976; 

Jorfeldt, 1970; Mazzeo et al., 1982). Thcrcfore if the mctnboltc rn!c IS incrensed, 

lactate production increascs as weIl as lactate removal. .lorfc\dt ct al. (1 nI)) found the 

maxima! cap:1city for lactate rrieuse l'rom the muscle to hl' approxnnatc1y 5 mmol/min. 

This occurred under condillons of hcavy cxercisc, al mm.de lactate concentraho1l'> of 4 

mmol/kg wet weight or higher. Concentration of ladah~ \Il t he blond lllcreasc~ Itncarly 

until the lactate inflcctioll point is rcached, whcrc lactate cntry into the hlood cxcceds 

its removal (Brooks and Fahey, 1984). ConcentratIOn of lactate in the bloot! Jccren~es 

if remGval exceeds production. Is~ekul7 (1984) illw.lrateJ 1 lm. by pharmllcologkally 

lowering lactate production through the u~e 01 B-andrcngclHc hlm:kcr:--. Inderal wa~ 

infused II1to cxerclslIlg dogs. The lllderai mhlbltcd lactalL' prOdlldl(l1l caU\llJg 11 n ... e III 

the rnetabohc clearance rate of lactale. DOlh)v,lll and Brook ... (I<JK ~) "Ild hCllllllct ct 

al. (1975) \l~cd 111lusions of fU- 14Cjlactute ln ~tudy the clkLh 01 elldllfallLe tW\lJlllg on 

rats. They found that endurance trailllng eflcded the o;\ldatÎoll and lllfllOVt.:f rate of 

lactate, not It<; productioll. The incrcased turnover and oXH.latlOn rate!'. combined to 

produce a lugh lactate clearance fuIe. 

The lactic aCld prodllccd 11l the FT twillh mll'ic\e IIhre~ 1'" pnmanly (lxldlle<! hy 

the ST muscle flbre~ which have a highcr concentratIOn ni heart ~peclf IC LDIJ I\o/yrne\ 

(Bonen et al., 1978). Thl<, ... lndy round a "'lgllllJLanl PO"lt Ive lUrrel at Ion (r~ () 54), 

between the I()ctatc n.:moval rate and the pcrcenta!!1: 01 ST 1 ibre,>. 'l'hl: ahovc \t ully had 

subjects cxcrci~c at lligh intemlty ON.4% of \102rnax), lor \IX rninll1l:\. TWt.:1l1y 1l11l1ute ... 

of active recovcry WH<; cmploycd at 39 1 'X. of VO:max The hlghe\t lallate rernoval 

rates were found 111 ~ubJcCh \\>Ith 11 I1lgh pcrcclItage of ST IIbre\ 

McGrail ct al. (197i) ~tudJ(':ù lact ate n.:moval rate,> 111 comp:Hl\On to the relative 

muscle mass used In active r(;covcry. SUbjCLh perlormcd \IX mlllutc ... 01 hlgh Înlcn"'lty 

exercise at 90% of V02max. Ma>. \102 wa\ dderrmned on a t:yllc crgomcter for !cg ... , 
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arms, and combined arm-Ieg exereise. Recovery rates were 26.8% of V'02max for arm 

exercise, 26.8% of V'02max for leg exercise, and 29% of V'02max for combined arm-

leg exercise. I,aetate removal rates were signifieantly greater for the active recovery 

situatiom compared to rest. The leg condition was found to elicit a significantly faster 

lactate removal rate than the arm condition. The arm-Icg condition produced the same 

result~ as the legs only condition. Duc to the researchers lowering of the intensity at 

which the arm~ worked during thr arm-Ieg recovery condition, lactate removal rates 

may have been decreased for this condition. Thus it was concIuded that lactate 

removal rate is rcJated to the muscle mass involved in the recovery. 

2.2 Exercisc Intensity and Lactate Removal 

Early investigations by Margaria and Edwards (1934) and Margaria et al. (1933) 

which separated the oxygen debt in~o fast (alactacid) and slow (lactacid) componcnts, 

lead to the belict that lactate was 11 "dcad end metabolite" that was only formed and 

not removed dllrmg c:\erci!-e (Brooks and Fahey, 1984). Subsequent studies by 

Newman ct al. (1°37) and Rammal and SI rom (1949) dealing with rccovery metabolism 

showed thal thi-. hypothe~ls wa~ untrue. 

Newman ct al. (1937) and Rammal and SI rom (1949) had subjects exerCIse 

du ring recovcry peI lOds subsequent to exhaustive exercise. Both investigations found 

that the lactall' removal rate was augmentcd through the use of active recovery 

compared 10 re~llIlg recovery. 

("ibollI ct al. (1966) tcsted four subjects by having thcm run 10 exhaustion on a 

motor drivcn trcadmill. The protocols were selected according to the subjects 

mdlvldual abIlity Two of the ~ubJccts ran at 20.9 km/Iu on a 2% grade while the other 

two ran at 19.3 km/hr 011 a 2.5°;') grade. Each subjcct ran to exhaustion. Recovery 

rates wcre set at 10.5 km/hr for the former two subjects whlle one of the latter subjects 

walkcd at 6.4 km/lu on a 5(7'0 grade whlle the other walked at 7.2 km/hr on a 2.5% 
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grade. The recovery exercise intensity represented 52 - 53% of the first two subjccts 

aerobic capacity while the second two subjects worked at 38 - 42% of thcir ucrobic 

capacity. AlI subjects recovered for 35 - 50 minutes on the trcadmill. End lnctate 

values were 19.0, 18.0, 15.5, and 57.5 mg% for sllbjects 1 to 4, resrcctlvcly. Probably 

the high value for subject 4 compared to the other., was duc io the lIlitial lactate value 

achicved, the amount of rccovery time:, or the sllbjcds htness level. Recovery lime is 

the most probable cxplanation in tl;:s case SlIlce ~\Ibjcd 4 wa~ 111 the active recovcry 

state for 35 minutes as opposed ta the maXll1lUm recovcry tlme of 50 mlOute~. 

Hermansen and Stemvold (1972) slu<:hed lactate removal rate at recovcry 

intensities (Jf 30, 60, 70, and 80% of 1he ~llbjecb V02max. An oplImal !.tetute removul 

response of 8.0 mg%/min was predIctcd to OClllf at 6.VYo of the slIbJeets V'02max. 

Spath (1979) found lactate removul mo,>t cxpc<.l!ent at 59.l'X. of V'02max At this 

recovery intensity, lactate removal was 925 mg':-Umm. Tnl1!\on (11)76) compared rest, 

walking, and jogging fccovery after 10 mll1l1tcs 01 cxhuu!\tlve cxcrLi~c. After 15 

minutes, lactate levels were slglllflcantly lowcr 111 the walkmg and jogglllg rccovery 

conditions comparcd to the rest condItIon. Walklllg recovery mtcn'>lty wa'> 24% of 

'V02max whik joggll1g recovery was perlormcd al 61 % of V02Il1HX. Si,mlar optimal 

removal intensitles wcrc observed by Bonen and Bdca-.tro (lSl7(»). Re,>t, -.clf-,>c1eded 

continuous jogging, and free mtermlttcnt jogglllg were u:--ed 111 the rt:covery pha!\e of the 

expcriment. The optimal lactlc acid rcmoval rate III thc abovc ,>lully wa.., fOlllld to he 

7.1 mg% per mlllute and occurred at 57.1 - 70.0°,{, oj the !\lIbjcch \102max. 

Davies ct al. (1970) cxercl'icd jour :-'lIbjech for .,IX m inulc ... at HO'X, of their 

'V02max. The subJccts wcrc then exerclscd al four dlf lerent recovcry lI1ten~ltle.." 15, 

30, 45, and 60% of \I02max. Lactate removal wu., betlcr at 30% and 45% of the 

subjects maximum aerobic cap3city than at the low (15% )and high ((,(rX,) recovery 

intensities. 

Bclcastro and Bonen (1975) and Dykstra ct al. (1973) found ,>imllar re.,ult., to 

Davies et al. (1970). In the former ,>tudy, 'iubject'i werc exercl.,cd at H9% of V'02rnax 

for six minutcs followed by rc:. ~ovcry at rc!>t, 30, 45, 60, or 80% of V'02mUi\. 'J he It1o.,t 
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expedient removal rates occurred at 29.7% and 45.3% of V"02max. The latt~r study 

had subjects exercise for eight minutes at 90% of V"02max. Recovery was perfonned at 

rest, 25, 40, 55, and 70% of v'02max. Disappearance of lactic acid was most rapid 

betwecn 25 and 47% of V"02max. 

McLellan and Skinner (1982) used the aewbic tltreshold <lnd fractions of the 

subjects \!Ozmax as markers tor work intensity recovery leveh:. Expressing active 

rceovcry lI1ten~ity as acrobic threshold ±% \T02max was found to decrease inter-

individu al variance. Subjects were exercised for 10 minutes at 90% of V"02max. 

Reeovery intensity was expressed as the subjects aerobic threshold minus 30, 20, or 

10% of \!02max. Rest, acrobic threshold and aerobic thrcs lold plus 10% of V"02max 

were also lI!'>ed as recovery intensities. Lactate removal ''Vas fastest wh en recovery 

exerclse wm. performed at the condition described as the aerl>hic threshnld mimIs lÙ% 

of \!02max. This intcnsity was equivalent to approximately 43% of V"02max. 

('ompared 10 the rcsting condition, lactate removal was facilitated at recovery 

intellSltws betwecn 27 - 58% of \!02max. 

Thc~e figurc~ coneur with data collected by Koutedakis and Sharp (1985). They 

had rowcrs !'Iprint 2000 meters then recover at 40% and 60% of the maximum stroke 

rate at! ainet! in the !'Iprint. Bath actIve rccovery conditions produced significantly 

greater lactate turnover than the resting condition. The 40% condition was also 

!'Iiglllflcantly more effective than the 60% condition. 

St amlord ct al. (1978) experimcnlcd wlth different recovery rates when only one 

leg wa~ cxercI"ed at supramaximal intensity. In this study alternating legs at different 

recovery rate~ were used. One recovery treatment also involved breathing 100% 

oxygen durmg the rccovcry pcriod. The treatments in which recovery "\102 lcvels were 

at .lpprnx1Inatcly 30% of the subje~ts maximum were significantly more effective than 

I\lghcr mtcnsity recovery rates as weIl as the 100% oxygcn condition. 

A subsequent study by Stamford et al. (1981) investigated the effectiveness of 

active recovcry abovc and bclow the anaerobic threshold. The recovery conditions 
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were rest, 40%, and 70% of ~02max. In this study, lactate levels at lest, 40% and 

70% of "V02max wcre used as baselines for the diffcœnt rccovcry conditions. If the 

individu al baselines were used as endpoints for lactate removal thcn the 70% condition 

was most effective. If return to resting baselinc is used, thcn the 4WX) cOIHlttion \Vus 

r::.ore efficient. Since blood lactate levels peaked and started their dcdine sonner 

wh en the 70% condition was cmplvyed, the lIuthors conclnded that for u2IÎve recovery 

it may be optimal to st art at a higher intensity and progrcssivcly dccrcn~c thc rccovery 

work load. Along this line of thinking Dodd et al. (1984) cxpcrimcnted with n 

combination of high and low recovery rates. Following 50 seconds of maximal work on 

a cycle ergometer, subjects recovered for 40 minutes: l)passively; 2)cycJing at 35 (X) 

"\T02max: 3)cycling at 65% V'02max; 4)cycling at 65% V'02mux for 7 minutes lollowed 

by 33 minutes at 35% V'02max. Lactate disappearancc was signiflcanlly grenier in the 

35% and combination 65% - 35% rccovery conditions than the pas ... ivl~ or 65% 

recovery conditions. No significant differcncc was observed betwecn the 35'X. and 

combination recovery condition. 

Bonen et al. (1979) using information from previous studics (Bonen et al., 19711; 

Eldridge, 1975; Hermansen and Stensvold, 1°72; McGrail et .11 , 1979) idenltlIed tluee 

factors in hum ans which may influence lactate removal rate. Thc~c fadors were ST 

muscle fibre content, blood lactate concentration at the cessatlOll 01 cxcrci~e, and the 

intensity of the recovcry exercise. Physical condition i~ thought by ~ome to he a f ador 

but was found h' have no significant cffeet on lactate di~appcarance (Evans and 

Cureton, 1983). The abovc factors wcrc idcntificd as stati~tically mdcpcndcnt and 

therefore should contribute uniquely to the rcmoval rate of lactate. I.'rom these 

statistically independent factors the researchers developcd a regre~~lon ctJllat ion to 

predict optimal recovcry intensity. 

To examme the validity of the equation, Bonen ct al. (1979) had their ~llbjccts 

perform high intensity exercise at 90%. of V02max for ~IX mll1ute~. Recovery cxercj~c 

was performed at approximately 40% of V02max. The correlatIOn hetween the 

i 
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predicted lactate removal rate and the observed lactate removal rate was 0.91. 

Bonen and Belcastro (1977) reported that active recovery could reduce lactate 

levels by as mu ch as 88% in 20 minutes as opposed to a 50% reduction in lactate levels 

in a 20 minute period of passive recovery. This is important for the athlete who must 

perform repeated bouts of high intensity anaerobic exercÎse within one hour of each 

other. 

From the previously mentioned sil' Jies the optimal recovery intensity for running 

would be from 55 - 70% of the subjects V'02max and 30 - 45% of "V02max for subjects 

performing a cycling task (Bonen and Belcastro, 1976). These recovery intensities seem 

to he the most effective, but differences in individu al physiological make-up, such as 

the perccntagc of ST muscle fibres, LDH activity, LDH isozyme concentration and 

phy~ical fitncss (Bonen and Belcastro, 1977; Bonen et al., 1979; Bonen et al., 1978; 

Mann and Garrett, 1978; Tesch et al., 1978) make pinpointing an optimal intensity of 

recovCI y excrcise difficult. 

2.3 Spccificity of Excrcise Mode 

Usually when studying active recovery, the mode of recovery is the same a~ the 

initial exhaustive exercise. If active recovery is used, it may be necessary and 

somctimcs bcncficial to use exercise modes that differ somewhat from the initial form 

of ~xcrtion. \Vhcn using alternative modes of active recovcry it is important to try and 

use the samc or close to the same prime movers and muscle mass as was being used in 

the origmul activity. 

McGrail ct al. (1978) studied the effectiveness of using the arms, lf'gs, and both 

III comblllution as a recovcry mode after high intensity cycling. When the arms or the 

legs alone were uscd, the optimum recovery intcnsity was 26.8% of "V02max. 

Work int~nsity was 29% of "V02max when the arms and legs were used in 

combillution. The lcg recovcry mode was found to be significantly more effective than 
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the arm mode of recovery. Arms and legs in combination were not significantly 

different from the legs alone condition. The reason for this is that even though the 

metabolic rate was higher in the combination mode, the muscle mass of the arms was 

not great enough to elicit a significantly greater effectiveness in lactate rcmovnl. 

Boileau et al. (1983) found that when using a bicycle crgomeL..:r verMiS n 

treadmill, that the treadmill condition was slightly but not statislically more ctfcctivc at 

lactate removal. Optimal recovery intensities were approximalcly 40%) of ~02mnx. 

Regression equations were derived based on the rclationship betwcen the rate of lactic 

aeid removal and recovery exercise intensity. From the se equations, it was cu\culated 

that optimal lactate removal occurs at 35.9% of V'02max on a bicycle crgomcter und 

32.5% of \'02max on a treadmill. This information is in agreement with the findings of 

Belcastro and Bonen (1975) with regards to the bicycle ergometcr. The optllnal 

recovery rate for running is however below that obscrved by Hermansen und Sten~vold 

(1972) who reported the removal rate was highest at 63% of \'()2max. 

Siebers and McMurray, (1981) studied swimming and walking as recovcry model. 

after swimmers had exercised at 90% of V'02max for two minutes on a swimming 

ergometer. Lactate levels were reduced hy 18.5% during the walking recovery and 

53.3% during the swimming recovery. Swimming recovery was performed at 43'XI of 

the athletes aerobic capacily while the walking rccovery was performed at 33% of 

aerobic capacity. The probable renson for the improved lactate turnover for the 

sWlmmmg condition was the higher work recovcry inten~lty and the ~porH,pecific 

nature of the recovery task. Krukau ct al. (1987) also studICd active recovcry in 

swimmers. After a maximal 200m crawl, subJccts rccovered by ... wimming (complete 

movement and legs only) and on a cycle ergorncler. The swimmlllg recovery cOlJdjtion~ 

were perforrned at a self sc1ected pace while cyclmg wa~ performcd at 50'}'o of the 4 

mmol/llactate threshold. Lactate half-Mc times werc calculatcd to he 5.72, 8.25, and 

12.83 min for the complete movement, legs only, and cycle ergornclcr recovery mode .. , 

respectively. 



19 

The results of Siebers and McMurray (1981) differ from those of Watson and 

Haniey (1986) who compared bench-stepping to skating as forms of active recovery 

from two high intensity skating bouts. Skating did not elicit a significantly greater 

lactate removal rate th an bench-stepping. Both modes had greater lactate clearance 

than the resting mode. An explanation for this may be that there is a significant 

amount of glide while skating and even though the heart rates were kept the same (120 

beats per minute) for both activities, inadequate muscle recruitment could be the 

reason for the sport-specific activity not having a more efficient lactate removal rate 

(Watson and Hanley, 1986). 

2.4 Performance and Lactate Levels 

Costill ct al. (1984) and Spriet et al. (1985) studied performance after blood 

pararncters had bccn manipulated through pharmacological means or changes in CO2 

tension. In the formcr study, subjects were given sodium bicarbonate to artificially 

lowcr resting pl I. Endurance time "" as measured after rive maximal cycling bouts. The 

low plI group record cd significantIy bettcr performance times. The latter study 

obscrved the isomctric tension decay of rat hind guarters in tluee conditions: control, 

metabolic acidosis, and respiratory acidosis. Metabolic acidosis was induced by 

dccreasing the pcrfusate lIICOj). Rcspiratory acidosis was induccd by increasing CO2 

tcnsion. Isometnc tensIOn decay was significantly greater in both acidosis conditions. 

McCartney ct aL (1983) studled the cffects of placebo, met abolie acidosis, 

respiratory acidosis, and mctabolic alkalosis on peak power and maximal work in a 30 

second cycle crgomcter test. Mctabolic acidosis was induced by ingestion of ammonium 

chloridc, rcspiratory aCldosis was lllduced through 5% COz inhalation, and metabolic 

nikalosis was indllced by ingestion of sodium bicarbonate. In the acidosis conditions 

subjccts produccd lowcr peak power and did less total work than the alkalosis or 

placebo conditions. 
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Hogan and Welch (1984) studied performance on a bicycle ergometer ufter the 

subject's lactate concentrations had been manipulated by the i.lhalation of hypmdc. 

hyperoxic, and normoxic gas mixtures during the first excrcise interval. The hypoxic 

condition produced higher lactate levels. Performance limes were significuntly towcr 

even after a four minute rest period. 

Weltman et al. (1977; 1979) conducted similar studies which compared differcnt 

conditions of recovcry and subsequent anaerobic performances after the recovcry 

conditions. Weltman ct al. (1977) compared active (1.0 Kg., 60 rpm) versus pas~ivc 

recovery, breathing 100% oxygen versus room air, and 10 vcr~us 20 minutes of 

recovery. Significant differences wcre found bctwcen thc pa~sive and adlve recovery 

conditions and for the 10 minutes versus 20 minutl.!s of rest. Performance was 

enhanced in both the 10 and 20 minute active recovery condition. Though the recovery 

intensity was low, lactate removal rates werc fur higher in the actIve recovery 

conditions. Recovery by breathing 100% oxygen produced no dillerence in lactate 

removal rates. 

A subsequent study by Weltman ct al. (1979) was sirnilar in deSIgn and results 

except that the active recovery intensities wcrc highcr (40 and 60 'X) 01 V02max) and 

the recovcry times werc kept constant. The differcncc III resulh were that the 100% 

oxygen condition rcsulted in lIlcreased lactate turnover rate,> and unllke Weltman ct al. 

(1977), total power output was Ilot influenced by the expenmcntal cO/lditloll'>. 

Green et al. (1979a) caused cndogenou<; IIlcrea~e,> III pla~rna lactate hy havlIlg 

subjects perform four intermittent bouts of ,>uprumaxlmal arm work whtlc they were 

simultancously conducting submaximal Icg work. Lactate value" mca<,urcd whilc the 

legs workcd alone wcre used as control valuc~. The arm work wa~ perform..:d lor olle 

minute at five minute intervals. Arm ergometry commcnced alter the '>lIhjech had 

cycled for 60 mmutes. Lactate values increa~cd ~Iglllflcantly 111 the va,>tll~ lateraJuo., III 

the arm-leg condition as compared to the control condltioll. The lIlcreu ,>ed 1 actate 

levels in the legs caused by the arm work decrea~ed, but dld not rdum to control lcveb 
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even after the final 40 minutes of submaximal cycling. The immediate and sustained 

high lactate levels would be a probable cause for a decrease in performance. 

Klausen ct al. (1972) and Tesch and Wright (1983) both found that endogenous 

incrcascs in lactate caused decrer ents in performance. Klausen et al. (1972) used five 

minutes of hcavy arm exerci"·, to increasc lactate levels before having subjects cycle to 

exhaustion. Oxygen uptakc was not affected but a reduction was observed in total 

work output Tcsch and Wright (1983) had subjects perform 50 consecutive maximum 

voluntary kncc extensions. Following a 40 second rest period five addition al maximal 

contractions were cxcculed. Peak torque decreased 67% as a result of the first 50 

contractions. Average post recovery torque was 70% of the initIal value. 

Doth Karlsson ct al. (1975) and Yates ct al. (1983) observed that exhaustive 

excrcise pcrformed by one parl of the body caused increased lactate levels in other 

parts of the body. In the former slndy, both blood and muscle lactate levels rose in the 

arms evcn though the legs were bemg exercised and vice versa. In the latter study, 

increase<; III blood lactate levcJs of the arms were caused by a one minute maximal 

effort on a cycle ergometer. Performance was decreased in the non-exercised limbs in 

both studics. 

2.5 Encrgetics of Ice Hockey 

Through the use of time-motion analysis and heart rate telemetry, intensities 

ranging from 70% to 90% of the maximal heart rate values measured during a 

'V02max te~t were recorded durÎng a hockey game (Green ct al., 1976; Paterson et al., 

1977). The ,I!~·.WC figures apply to forwards and dcfensemen. The high intensities 

durmg the on-icc ~hlft of a playcr result in h1gh concenlrations of muscle lactate 

(Green. 1978). If the lactale accumulntes al a Iate that excceds rcmoval, the substrate 

reaches 11 \evcl where It intcrfercs with a player's performance (Hogan and Welch, 

1984; Karls~on cl al., 1975; Klauscn ct al., 1972; Tesch ana Wright, 1983; Yates et al., 

1983). 
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Green et al. (1976) observed that each on-ie. shift of hockcy Instcd bctwccn 81 

and 88 seconds. This period was broken up into 37.5 to 45.5 seconds of play und 25.7 

to 28.7 seconds of stoppages in play. The expc..'nmcntal times arc similar 10 thosc 

recorded by Green and Houston (1975). Shift lcngth in thi~ case was 75 to ~5 l'>cconds 

with continuous play lasting 35 to 40 seconds and ~toppagc" lastmg 25 to JO seconds. 

If the assumption is made that during the penods \.)1' contlIllwlIS play, lhe athlctcs 

perform close to or abovc 100% intenslty, thcn cllcrgy from glycolysi., i" ncclled 10 

me et the player's energy demands. Adeno~ine tripho~phatc (ATP) and creatine 

phosphate (CP) stores are complctely depletcd in approximalcly 6 seconds (Bergstrom 

et aL, 1971; McArdle ct al., 1981). As a re~ult of glycoly,is and dcpcndlllg on thc 

biochemical and physiological profiles of the energy ~ystem~, pyruvate will either he 

reduced to lactate or oxidized to form acctyl-CoA (Lchningcr, 1984). 

If the player obtains only 3.5 to 4 mlllllte~ rc'l hctwecll !->hifh (Green and 

Houston, 1975) and the half-lime for lactate removal I~ 20 mllllltc~ (Bonen and 

Belcastro, 1977) In a passive condition, lactate wIll accumnlatc more qUlckly than It 

can be removed from the system. This causes li decremenl III performance over lime. 

If lactate levels can be used as a measure 01 work output (]m.ob,>, 1<)~6) thell U 

performance dccrement is illustrated by thc faet thal lactate pIOductlO11 value .. 

measured at the end of the third period arc ll~ually lower than t ho\c mca~urcd al the 

end of the fIrst or second period (Green cl aL, 1976; 1978a). 

With a trend towards ,>horter ~hilts and fewer play \Ioppagc\, 11Ighcf IIItell,>ity 

work outpul should producc higher lactate lcvcl, at the end 01 a "hifr. Bout<, of ~ix 

intermittent rcpetItIOlls 01 ali-out ~katjng have chClted bluod Iuctate va hie,> of 10.7 

mmolll (Montgomery ct al., 1988) and 11.5 mmol/I (Wahol1 and Surgeant, lY86). 

Watson and lIanley (1986) observed lactate levcl,> of 12 1 mmolll aftcr '>lIhJcLl~ 

completed six 45 second maximal skating triah-o The ~ubjccb rc~tcd pU""Jvcly on the 

bench between trials. 
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Daub et al. (1983) reported that ice hockey training did not significantly improve 

acrobic power. Green et al. (1979b) observed hypertrophy in the FT muscles of hockey 

players at post-"cason testing. This may lead to improved anaerobic endurance. Even 

if hockey training incrcases anaerobic endurance as observed by Green and Houston 

(1975), the player is not able to oxidize the lactate accumulated between shifts. The 

evcr incrca~ing build-up of lactate in the muscle and blood may become a limiting 

factor in the pcrformance of the hockey player (Green, 1979). 

i 
• 
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Chapter III 

Methods 

This chapter is divided into the following sections: 

3.1 Selection of Subjects 

3.2 Treatmenl of Subjects 

3.3 Continuous Cycle Ergometcr V'02max Test 

3.4 Intermittent On-Ice Tcst 

3.5 Active Recovery Conditions 

3.6 Passive Recovcry Condition 

3.7 Collection of Data 

3.8 Experimental Design and Statistical Analysis 

3.1 Selection of Subjects 
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Subjects for this study wcrc 11 male hockey playcrs of varslty or intramural level. 

They were Mudents at McGill University and rangcd in age from 20 to 25 years. 

3.2 Treatment of Subjects 

AU subjects were asked ta participate in four testing sessions (one V'02max le~t 

on a cycle ergomcter, and threc intermittent on-icc tests). The V02max tc~)t wa~ 

performed in a laboratory setting pnor to the on-iec tcst~, whlch werc performcd in a 

completely randomized ordcr. During the on-Iee te,>b, two mode,> of active JCl,;overy 

(skating and cyclmg) wcrc employcd along wlth a pa<.,sivc rceovcry <,c<,~i()n whH.;h wa" 

used as a control condition. Ali data and blood ~ample,> for the on-ice te~l,> were 

collected in the McGilI Arcna. Subj\!cb wcrc givcn at Ica~t one day of rccovcry 

between eaeh tc~t. AIl te<;tmg was complctcd within two wcek~. 
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Subjects were asked to refrain from eating and drinking (except water), for two 

hours prior to testing. For the labo rat ory test, the subjects arrived in proper gym wear. 

For the on-icc tests, subjects were assigned in groups of six to one of two testing times 

that were convenicnt for them on the testing day. Subjects were requïred to wear 

gloves and hclmct, and carry a ~tick for the on-ice tests. Informed consent was 

obtaincd from cach subject prior to the first testing session. 

Subjccb were encouraged to warm-up before each of the testing sessions. Verbal 

explanation a\ to the nature of the task was given by the investigators to the subjects at 

the bcginl'llng of each testing session. Subjects were encouraged verbally by 

investigatnr~ to put forth a maximal effort throughout all testing sessions. Prior to each 

of the on-Iee ~cgments of the test, subjects were informed that if any "holding back" or 

"pacing" wa,; dctceted, the test would be considered unacccptablt and d re-triai would 

have to he pcrlormed. DetectIon of racing was accomphshed by averaging the times 

of the 1ir~t and ~ccolld, second and third, and third and fourth tnals in the on-ice 

portion of the te:-.t. The subjcct was considercJ to be pacmg If the average time of the 

thint and fourth li ials wa!> lc~s than that of the average time for the second and third 

trial~, or il the average lIme of the second and thud trnls was less than the average 

time of the IIr~t and ~ccond tnals. 

Bctwcen each on-Icc portion of the test, subjccts performed one of three rccovery 

conditiom. The rceovery condItIOns were: cycting, skating, or rcsting in a sitting 

position on Ihe bench. 

Blond samplcs were drawll from each subject before their first on-ice tnal and 

ufter lite ~ubjccts last recovery bout. Heart rates were contilluously monitored 

throughout aH tests. 
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3.3 Continuous Cycle Ergometer V02max Test 

AlI subjects performed a cycling ergometer test to volitional exhaustion using the 

following protocol. The subjcct pedalcd at a rate of 60 rpm for the duration of the test. 

The initial load was set at one kp and was ilH;rcased hy 0.25 kp cvery minute lllltii the 

subject was exhausted. Exhaustion was dctcrmlllcd whell the pcddl rate of 60 rpm 

could no longer bc sustainedo Verbal encouragemcnt wa~ offercd by the lIlve~tigutor 

throughout the test. The "ubject'~ oxygell .::onsumptlOn was mcnsured llsing il Roxon 

Metabolîc Cart. 

3.4 Intermittent On-Ice Test 

A modificd version (Rhodes ct aL, 1985) of the Repent Sprint Skate (RSS) 

hockey fitness test (Reed et al., 1979), was used for the on-ice portioll of the 

investigation. The tcst consists of four repdltions of maximal ~katlIlg. J-:ach subJect 

was rcquned to spnnt 91.4 metre& (from gOdl linc 10 goal line and hack 10 the hlue IlIle 

closest to the starting pOint) at 30 second interval~. Betwecn rcpctltlon~, Ille \ubject 

glided slowly to the starting line (goal line) and wmted for a wllI~t1e 10 II1ltiate the next 

repetition. A ftvc sccond warning was gIVcn bcfore the ~tart 01 eHLh repctltlOll. SII1CC 

the subjects ~tart cach repctîtion evcry 30 second", the faé>tcr a rcpctltloll J\ cornplcted 

the more time the ~ubjcct has to re,>t bcfore startlllg the next repclltloll. J-or example, 

subjects who complctcd a repetition (91.4 mctre~) in 14 \ecOIHh, had 1 () !',ecol1d~ of 

recovery before having to start the next repetitlon. 

Indices of performance on the RSS tc~t lIlc1ude a c.,pced indcx (mca\urcd on the 

first repctItion by tlmlI1g the ~llhjcct from goal llI1e to goal tille, 54.9 metre~), an 

anaerobic enduru;}ce mdex (total time to complete the four rcpetitlOJl\), and a drop-off 

index (the diffcrcnce bctwecl1 thc slowc'>t and fac.,te\t repetJtiol1\). Thercfore, on the 

firs1.. repetition, two times wcre obtaincd; one for the ~pecd index (54.Y metre\) and for 
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the complete distance (91.4 metres). Subjects performed four repetitions to constitute 

one skating shift. After four repetiti0ns were completed, the subjects were ral1domly 

assigned to one of the lhree rccovery conditions (skating, cycling, or resting on the 

bcnch) for !>ix minutes. This procedure was repeated for a total of six shifts. Heart 

rate was monilorcd throughout the test. The indices to be computed from the on-ice 

test were: 

Speed index: Time for first 54.9 metres of each shift. 

Anaerobie endurance index: Sum of the times for the four repetitions of each 

shift. 

Drop-off index: The diffcrence between the fastest and the slowest repetitions 

of cach shift. 

3.5 Active Reeovcry Conditions 

At the complet ion of each simulated shift (four repetitions of the RSS test), 

subjccts participated in six minutes of active recovery. Skating was used as one form 

of actIve recovery. The ~lIbject skated at a self-selected pace around an oval course 

(120 mctre~), that was marked out Oll one side of the skating nnk. The subject skated 

in the saille dIrectIOIl for the duration of the recùvery period period. The course was 

market! evcry 10 mctrc:-. by pylon~ in order to assist invcstigators in gallgmg accurately 

the dI~tallle that the ~lIbjcct covclcd in the six minute recovcry period. Average 

~knting specd wa ... cakulated III rn/min for the six mmutcs of rec0'Vcry. Finger tip 

blond ~amplcs \Ven: ol~tallled fIvc ll1mutes after the la!>t rccovcry period and analyzed 

for lactate concentration. Heart rate was monitored throughout the rccovery period. 

The variable WhlCh was cornputcd from the skating rccovery condition was: 

Average Speed 
(rn/min) 

total distance covered in rnetres 

six minutes 
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Cycling was a1so used as an active rccovery mode. Suhjects pcda1ed fi modificd 

Monark cycle ergometer for six minutes at 60 rpm. The rcsistancc was set so that the 

subject was cycIinb at 40% of V02max. The ergomcter's pedals wcre l110dified in 

order to permit the subject to cycle while wearing skates. Scat height wn~ ndJusted in 

order to allow for full leg extension with the ankle at 90 degrees. SubJecb rcmllllled 

seated while cycIing. Pedal cadence was achlcved through the lise of n mctronome set 

at 120 beats per minute. In this manner if thc ~ubJects foot was at the bottom 01 Il 

revolution each lime thc metronol11c soundcd the reqllired peùal cadence of 60 rpm 

was atlained. Finget' tip blood samplcs wcre obtamed five minute~ alter the LI \\ 

rec('very period and analyzed for lactate concentration. IIeurt ratc was monitored 

throughoul the recovery period. 

3.6 Passive Recovery Condition 

The passive recovery condition consisted of thc ~ubject coming off the icc aner 

the RSS test and sitting quictly on the bench. Fmger tip blood sampics wcrc obtaincd 

five minutes into cach recovcry pcriod of tllIS conditIOIl and analY1>ed for lactate 

conc~ntration. Henrt rate was monitorcd throughout the rccovery perJod. This 

condition was used as a control. 

3.7 Collection of Data 

Data collection were pcrformed in a systematic manner. Thc admill11>tration of 

the laboratory test (continuous aerobic V'02max te~t) was donc on a modified Monark 

cycle ergorncter. Expucd ga~ volumes werc analy~ed u~ing a Roxon Mctabo\Jc Cart. 

The following variables werc calculated from the expired ga~ volume,>: VI'" \1'02 Mets, 

V'C02 , RQ, and vcntilatory equivalent for oxygen. 
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Measurements were continuously recorded every 15 seconds throughout the 

duration of the test. Fifteen second values were displayed on-Hne with the use of an 

Apple Ile computer and Okidata micro-82A printer. 

For the on-ice tests six research assi"tants aided in data collection. They were 

familiar with the experimental procedures and were practiced at taking finger tip blood 

samples. 

Subjects werc randomly assigned to a recovery condition. Iuvestigators 

indi .. idually monitorcd one subject throughout each segment of the testing procedure. 

SubJccts were tested in groups of six (in order to provide a competitive environment) at 

60 minute intervals. Each subject was tested tluee times, (cycling recovery, skating 

rccovcry, and pa~sivc rccovery). 

In the active recovery conditions, two blood samples were drawn from each 

subjl'ct. The first samplc was taken before the first on-ice segment commenced. This 

samplc ~crved as a baseline value for each subject. The second sample was taken 

followin~~ the recovery condition of the sixth shift. For the passive recovery condition, 

in addition to thc pl e test sample drawn, blood samples wcrc drawn five minui.es into 

thc rccovcry period of each ShIft. Samples were drawn from the finger tip, which had 

bccn ~wabbed wlth alcohol in order to in sure that there was no contamination from 

swcat and to minimize the possibility of mfection. The blood was allowed to drip freely 

iutn an antiseptJc reccptacle. Thc first drop was discarded to minimize the chance of 

dilution by Dkohol. Samplc SII.CS wcrc 100 ul in volume. The whole blood was 

immcdiatcly InJccted into li YSI (Ycllow Springs Instrument) Model27 lactate analyzer 

wIth a 25 ul synngepct. The instmment was calibrated prior to each testing session 

using 5. t mmol/l and 15.0 mmol/l standards. Duplicate lactate measurements were 

obtaincd lor cach test. 

SubJccts hemt rates werc monitored and stored using a Polar Electro PE 3000 

Sport Testcr. Thc unit consists of telcmetry transmission device, which is strapped to 

the chc).t. and a receiving unit which is strapped to the wrist. 
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3.8 Experimental Design and Statistical Analysis 

Descriptive statistics (means and standard deviations) wcrc cnlculatcd for the 

following dependant variables: speed index, anacrobic endurance index, drop-off 

index, pre-test lactate level and post-test lactate level. The first hypothesis, which is 

concerned with the effect of different recovery modes on post test lactate levc1s, WllS 

examined using a one-way analysis of variance(ANOVA) with repcated mensures on 

the subjects. The recovery conditions included passive, skating, and cyding. Lactate 

concentrations were mcasured pœ and post-test. A diagram of the experimcntal 

design is presented in Table 3.1. 

Table 3.1 Experimental Design for Hypothesis 1. 

Tests Passive Skating Cycling 
----------- ------------- ------------- --------------

Subjects 
1 
2 
'3 

· 
· 
· 
11 

The second, third and fourth hypothesis are concerned with the effecl of reeovery 

modes on performance. These hypothcsis use the spced index (hypothc~i" two), the 

anaerobic endurance index (hypothcsis three), and the drop-off index (hypothesis four) 

as the defendant variables. The experimcntal design is a 3 x 6 iadorial ANOVA with 

repeated measures on both factors. A diagram of the experimental dc!.ign is pn:sented 

in Table 3.2. 
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Table 3.2 Experimental Design for Hypothesis 2, 3, and 4. 

Tests 1 Passive 1 Skating 1 Cycling 

Shifts 1 1 2 3 4 5 6 1 1 2 3 4 5 6 1 1 2 3 4 5 6 

Subjects 1 

1 
2 
3 

11 

Any significant differences (p<.05) observed were examined using Tukey's 

Honestly Significant Difference (HSD) post hoc procedure to determine the exact 

location of the performance differences. 

The stahstical procedures that were used to evaluate the four hypothesis are 

summarizcd in Table 3.3. 

Table 3.3 Summary of Hypothesis and Statistical Analysis. 

Cornparison 

Hypothesis 1 - Blood Lactate 

Concentrations following recovery 
conditions 

Hypothesis 2 - RSS test 

Speed index variable following 
recovery conditions 

Hypothesis 3 - RSS test 

Anaerobie endurance index variable 
following recovery conditions 

Hypothesis 4 - RSS test 

Drop-off index variable following 
recovery conditions 

Statistical Analysis 

one-way ANOVA 
(repeated measures) 

3 X 6 factorial ANOVA 
(repeated measures) 

3 X 6 factorial ANOVA 
(repeated measures) 

3 X 6 factorial ANOVA 
(repeated measures) 



Chapter IV 

Results 

In this chapter, the results are summarized as follows: 

4.1 Charactcristics of the Subjects 

4.2 Perbrmance Indices for the RSS Test 

4.3 Blood Lactate Measurements 

4.4 Heart Rate Measurements 

4.1 Characteristics of the Subjects 
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The subjects for this study were eleven male hockey players, ranging in nbility 

from intramural to varsity level. Means, standard deviations, and ranges for the age, 

height, weight, and V02max of the subjects arc presented in Table 4.1. The me un age 

was 21.8 years, height was 181.0 cm, weight was 79.3 kg, and V02max wus 54.5 

ml/kgemin. 

Table 4.1 Characteristics of the Subjects (n=l1). 

Variable Mean S.D. Range 

Age (years) 21. 8 1.7 20 - 25 

Height (cm) 181. 0 5.5 173.0 - 193.0 

Weight (kg) 79.3 7.2 66.0 - 95.5 

V02max (ml/kg.min) 54.5 5.4 48.1 - 64.9 
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4.2 Performance Indices for the RSS Test 

The re!:>ults for the speed index of the RSS test are summarized in Table 4.2 with 

the statistical analysis (factorial ANOV A) following in Table 4.3 There was no 

significnnt difference in the speed index values among the three experimental 

conditions. The significant F value of 5.32 (p<O.Ol) for the "shift" variable was 

cxamincd by post hoc analysis (Tukey test). Compared to shift 1, the hockey players 

wcrc significantly slowcr (p<O.Ol) on shifts 2, 3, 4, 5, and 6. There was no significant 

interaction betwcen !:>hifts and conditions. 

The rcsults for the anaerobic endurance index of the RSS test are summarized in 

Table 4.4 with the factorial ANOVA shown in Table 4.5. The F value (5.14) for the 

"conditIOns" vanablc was significant (p<O.02). Post hoc analysis revealt'd that both 

skating and cycling reeovcry resulted in significantly faster times (p<O.05) than the 

passive conditIOn. There was a significant F value of 18.66, (p<O.Ol) for the "shift" 

variable. Po!:>t hoc analysis revealed that compared to shift 1, the hockey players were 

signiflcantly slower (p<O.Ol) on !>hifts 2, 3, 4, 5, and 6. 

Thcre was a signifieant interaction for the "conditions X shifts" variable. This 

interaction i~ shown in Figure 4.1. Post hoc analysis revealed that the skating and 

cycling rccovery conditIOns were significantly (p<O.05) faster than the passive recovery 

condition in shifts 4, 5, and 6. The three recovery modes produced similar times during 

shifts 1,2, and 3. 

The re~l1lts for the drop-off index of the RSS test are summarized in Table 4.6 

with the faetorial ANOVA shown in Table 4.7. A significant F value of 6.54, 

(p<O.Ol) was round for the "conditions" variable. A post hoe Tukey test established 

that both the skating and eycling recovcry conditions attributed to significantly 

(p<O.05) less drop-off in both active modes of recoverf compared ta the passive mode 

of rccovcry. Thcre was no significant difference in drop-off times among the six shifts. 

Thcrc was no significant interaction between condItions and shifts. 
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Table 4.2 Results (n=l1, X ± S.D.) for the Speed Index(s). 

- Shift Passive Skating Cyc1ing 

1 7.68 ± 0.37 7.82 ± 0.60 7.56 ± 0.42 

2 7.68 ± 0.29 7.83 ± 0.50 7.80 ± 0.46 

3 7.83 ± 0.43 7.96 ± 0.35 7.86 ± 0.56 

4 7.90 ± 0.45 8.22 ± 0.46 7.79 ± 0.54 

5 8.00 ± 0.49 8.14 ± 0.33 7.89 ± 0.50 

6 7.85 ± 0.39 8.02 ± 0.38 7.78 ± 0.46 

Table 4.3 Factorial ANOV A for the Speed Index. 

,. Source SS df MS F Prob. 

~ .... 
Conditions 1.76 2 0.88 2.15 0.14 

Within Subjects 18.48 10 1.88 

Error 8.21 20 0.41 

Shifts 2.48 5 0.50 5.32 0.01 

Error 4.67 50 0.09 

Conditions X Shifts 0.62 10 0.06 1. 24 0.27 

Error 5.02 100 0.05 

Total 41.24 197 
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Table 4.4 Results (n=l1, X ± S.D.) for the Anaerobie Endurance Index(s) 

\. 
Shift Passive Skating Cycling 

1 60.37 ± 2.42 60.28 ± 2.08 59.98 ± 1. 64 

2 62.06 ± 2.10 61. 36 ± 2.18 60.87 ± 1.99 

3 63.48 ± 2.79 61.94 ± 2.26 61.94 ± 2.22 

4 64.07 ± 2.84 62.52 ± 2.03 61.76 ± 2.33 

5 64.31 ± 2.62 62.33 ± 2.27 62.13 ± 2.25 

6 64.63 ± 2.69 62.52 ± 2.21 62.02 ± 2.47 

Table 4.5 Factorial ANDV A for the Anaerobie Endurance Index 

., Source SS df MS F prob. 

\ 
Conditions 105.50 2 52.75 5.14 0.02 

within Subjects 552.03 10 55.20 

Error 205.47 20 10.27 

Shifts 204.73 5 40.95 18.66 0.01 

Error 109.76 50 2.19 

Con(Utions X Shifts 24.99 10 2.50 2.50 0.01 

Error 99.82 100 1. 00 

Total 1327.30 197 

:( 
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Figure 4.1 Anaerobie Endurance Index for Six Shlfts of the RSS Tc~)t 
During Thrce Expcrirncnt:ll Conditions. 
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Table 4.6 Results (n=l1, x ± S.D.) for the Drop-off Index(s). 

1 
" .... 

Shift Passive Skating Cycling 

1 1. 80 ± 0.82 1. 53 ± 0.57 1. 63 ± 0.65 

2 1. 81 ± 0.77 1. 68 ± 0.76 1. 52 ± 0.47 

3 1. 94 ± 0.76 1. 56 ± 0.63 1. 55 ± 0.52 

4 2.18 ± 0.79 1.48 ± 0.88 1. 24 ± 0.62 

5 2.13 ± 0.81 1. 52 ± 0.76 1.60 ± 0.70 

6 2.01 ± 0.70 1. 65 ± 0.87 1. 23 ± 0.44 

Table 4.7 Factorial ANDV A for the Drop-off Index. 

Source SS df MS F prob. 

( 
Conditions 9.78 2 4.89 6.54 0.01 

Within Subjects 43.14 10 4.31 

Error 14.96 20 0.75 

Shifts 0.33 5 0.07 0.35 0.88 

Error 9.38 50 0.19 

Conditions X Shifts 3.15 10 0.31 1.42 0.18 

Error 22.15 100 0.22 

Total 102.88 197 

J 
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4.3 Blood Lactate Measurements 

One of the purposes of this investigation was to examine if blood lactute 

concentration would be slgnificantly lower after a period of ',ctive rccovcry compnrcd 

to an equal period of passive rccnvery. For the statIstical analy~ls of the blond lactate 

concentrations, a one-way analysls of variance (ANOVA) was applicd in order to 

establish if there werc significant diffcrenccs among the three expcrimental conùltions. 

The "gain scores" (pre-test values subtracted from post-test values) wcrc HUilly/cd 

because although similar, thc pre-test lactate values wcrl' Ilot identical lor all 

cxperimental conditions. By uSll1g the above described procedure, lhe quc ... tion as 10 

whether the post-test results were influcnccd by the pre-tc~t rl'<;ulh 1\ rC/I1ovcd. 

The results for the pre and post-test blond lactate conccnl ratIOn ... al e ~l\lI1lllarizcd 

in Table 4.8 with the stati<;tical analysi~ (one-way ANOVA) followm); III Table 4.9. 

The analysis revealed a signifIcant ddference (1'<0.01) III lactate conccntration Hmong 

experimental conditiom. A pmt hoc Tukcy tc~t ll11hcated thal the cyding mode of 

recovery produced significantly lower (1'<0.01) blooù lactate Icvds than li\!.: pa,,~ive 

mode of recovery. The ~kaling condition prodllccd simllar resulb to that of the pas~ivc 

condition. 

Table 4.8 Results (n=l1, x ± S.D.) for Blood Lactate (mmol/I). 

Condition 

Passive 

Skating 

Cycling 

Pre Test 

1.7±0.6 

2.0 ± 0.7 

1.7±0.5 

Post Test 

10.6 ± 2.0 

10.4 ± 2.2 

8.5 ± 1.9 
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Table 4.9 ANOVA for Blood Lactate Results (Post-Pre Test). 
, 

( 
Source SS df MS F Probe 

Conditions 2144.69 2 1072.34 6.46 0.01 

Within Subjects 8342.04 10 834.20 

Error 3319.52 20 165.98 

Total 13806.25 32 

Sincc the thc subjects were in a sitting position on the bench during the passive 

mode of recovery, it was possible to obtain blood samples at the end of the recovery 

phase of each shift. This was unlïke the skating and cycling conditions where blood 

samplcs were drawn only pre and po~t-test. The means and standard dcviatlOns of the 

highe~t and lowesl hemt rates for each slnft of the passive condition were also 

.. calculated. The blood lactate concentrations, peak heart rates, and recovery heart 

rates arc summariJ"cd III Tabk 4.10. 

Table 4.10 Rcsults (11=11, X ± S.D.) for Blood Lactate and Heart Rate 
in the Passive Condition. 

Shift Lactate(mmoljl) Peak HR (bprn) Recovery HR(bpm) 

1 8.9 ± 1.9 178 ± 9 102 ± 12 

2 10.2 ± 1.9 180 ± 7 108 ± 12 

3 10.4 ± 2.0 176 ± 7 110 ± 10 

4 11. 2 ± 2.7 179 ± 7 110 ± 12 

5 11. 0 ± 2.3 177 ± 7 109 ± 10 

6 10.8 ± 1.9 178 ± 7 106 ± 10 
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4.4 Heart Rate Measurements 

Heart rates were measured and stored cvery 15 seconds during the six RSS test 

shifts in a11 experimental conditions. Peak heart rates during the RSS test were similur 

in aU experimental conditions. The means wcre 172, 174, and 177 bpm for the passive, 

skating, and cycling conditions respcctively. Meuns for thc recovcry heurt mtes vuried 

greatly from passive to active recovery conditlOlls. During the passive condition, the 

average heart rate during recovcry was 123 bpm. During the skating and cycling 

conditions, the average recovery heurt rates werc 140 and 146 hpm, rcspcctively. 

Heart rate results across the six shifts in the three experimental conditions arc plottcd 

in Figure 4.2 (Passive Condition), Figure 4.3 (Skating Condition), and Figure 4.4 

(Cycling Condition). 
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Chapter V 

Discussion 

ln this chapter, the results of this study are discus&ed in the following sections: 

5.1 Performance Indices for the RSS Test 

5.2 Blood Lactate 

5.3 Heart Rate 

5.1 Performance Indices for the RSS Test 
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In this study, the RSS test has been used to simulatc a shift of hockey. The 

hockey players performed six "shifts" or trials of the RSS tcst. Previous stlldics 

(Montgomery et al., 1988; Rhodes et al., 1985; Watson and Sargeant, 1986) have 

reported the responses of hockey players to a single "shire' or trial of the RSS tC1>t. 

The RSS test has been shown (Montgomery ct al., 1988; Watson and Surgeant, 19~6) 

to be a good indicator of anaerobic power and anaerobic endurance when compareu to 

a lab0!":!t0ry test measuring similar variables. 

The speed index is rneasured on the first repctition of each 1>hift of the RSS test. 

The times f,'1r the speed index ranged from 7.00 to 8.50 ~econds dependmg on the 

skating ab!!!t} of the hockey player. The primary fuel for this ta"k i1> the high energy 

phosphagens in the muscle. Rcsults for the speed index Jrorn thi" "Iudy are compared 

to previous studics in Table 5.1. Smith ct al. (1982) rcported the la"tc\t tl/ne!'> lor the 

speed index variables. Their subjects were ehle player:-. [rom the 1 <)HO ('unudian 

Olympie hockey team. The forwards averagcd 7.0 :,econd" and the dcfcn\cmell 

averagcd 7.3 seconds. A speed index timc of 7.4 SCCOIH.b ha1> been reported for 

profession al and junior A players (Rced as citcd by Smith et al. ]982). 
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Table 5.1 Speed Incl~x of the RSS Test (x ± S.D.) for Various Studies. 

Le\lel 

Canadian Olympie Team 
forwards 
defense 

Professional and Jr. 

n 

15 
6 

Reference 

Smith et al. (1982) 

Reed [cited by Smith 
et al. (1982)] 

University and Jr. 24 Watson and Sargeant 
(1986 ) 

Universi1:y 
varsity 
jr. varsitf 

6 
5 

Brayne (1985) 

University 11 Montgomery (1982) 

University 

varsity 17 
varsity and jr. varsity 11 
jr. varsity 14 

Montgomery et al. 
(1988) 

Varsity and IntramurRl Present Study 
Shift 1 Passive Cùnd. 11 
Shift 1 Skating Cond. 11 
Shift 1 Cycling Cond. 11 
Six Shifts Passive Cond. 11 
Six Shifts Skating Cond. 11 
Six Shifts Cyeling Cond. Il 

Speed Index(s) 

7.0 ± 0.5 
7.3 ± 0.5 

7.4 

7.6 ± 0.3 

7.7 ± 0.2 
8.0 ± 0.2 

8.0 ± 0.3 

7.3 ± 0.2 
7.6 ± 0.3 
7.7 ± 0.3 

7.7 ± 0.4 
7.8 ± 0.6 
7.6 ± 0.4 
7.8 ± 0.1 
8.0 ± 0.2 
7.8 ± 0.1 
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The present study found speed index limes of 7.7, 7.8, and 7.6 seconds on the 

fust shift of the RSS test during the passive, skating, and cycling recovery conditiolls, 

respectively. These values are similar to the times reported by Brnyne (1985); 

Montgomery et al. (1988); and Watson and Sargcant (1986) whclC the subjccts wcrc 

university varsity players, university junior varsity players or jllJlior "A lt plnyers. 

The speed index {or the average of six shifts was 7.8 seconds in the passive 

condition, 8.0 seconds in thc skating condition, and 7.8 seconds in the cycling 

condition. It is expected that the average time for six shifts will hc slower than the 

times for a single shift because of the influence of fatigue. 

Statistical analysis of the speed index variable indicated that there was no 

significant difference among the tluee rccovery conùitions (passive, skntmg, und 

cycling) however there was a significant differencc across shifts. 

The primary energy sourcc!.: tor ail-out efforts of 10 seconds duratlOn arc the 

stores of adenosine triphosphate (ATP) and creatine phosphate (CP) in the mu:-.c1c 

(Margaria et aL, 1969; Saltin and Essen, 1971). The speed index of the RSS tC1>t IS a 

measure of anaerobic power. The ATP and CP lcvels in the muscles WIll contributc to 

the speed index time. 

The importance of the recove l)' periods in an intermittent aClIvity, with rclatJvely 

short work periods, has been associated with the process of pho~phagcn rc:-.ynthe:-.i'i. 

Fox and Mathews (1981) havc related the duration of the rcli<.:f intcrv~tl to the 

percentage of ATP and CP rcsynthesized. Whcn the recovery pcrlOJ wa.., lc~.., than tCII 

seconds, very little ATP and CP were rc~torcd. When the recovery mterval wu.., 30, 

60, and 120 seconds, the re~ynthesis of ATP und CP wu:-. 50'Yo, 75"/0, and 1J4'X" 

respectively. In this study, the recovery tlme betwcel1 ~hilt:-. wa:-. ~IX millute'> which 1.., 

adequate for complete resynthe~l~ of the ATP and CP ..,tore~ III the pa..,..,ive L(H}(1I1101l. 

During recovery penod~ of lc~~ thun 20 second.., the reloadlllg 0/ AfP-CP ha.., al1 

insignificant role in encrgy supply during lIltcrmitlcnt exercl~c (Saltm anJ b,..,cn, 11)71). 

Within a Shllt, the recovery intcrvai was approximatcly 15 ..,ccond~ bctwccn the four 
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trials. Thus repetitions 2, 3, and 4 were performed with muscle levels of ATP and CP 

below the resting concentrations since 15 seconds of recovery was inadequate for 

complete rcplenishment of the A TP-CP stores. 

Several studies have examined performance following repeated supramaximal 

tasks. McCartney et al. (1983) measured anaerobic power as the torque on a cycle 

ergometer test. Peak power comparisons following metabolic alkalosis, metabolic 

acidosis, and rcspiratory acidosis were similar to the control condition. 

Thcrc was a significant diffcrcncc across shifts for the speed index variable that 

was indcpendent of the cxperimental condition. Accumulation of lactic acid or 

hydrogcn ions has been postulated as a possible cause of fatigue during short-term, 

intense work (Dawson ct al., 1978; Fitts and Holloszy, 1976; Hermansen and Osnes, 

1972; Karlsson and Saltin, 1970; Tesch, 1980). Changes in intracellular hydrogen ion 

concentration may influence the activation of the contractile proteins by cakium 

(Donaldson and I1ermanscn, 1978; Fuchs et aL, 1970; Nasser-Gentina et aL, 1978), 

rclea~c and uptake of calcIUm by the sarcoplasmic reticulum (Fabiato and Fabiato, 

197/{; Na,~ar-(Jentll1a et al., 1981; Sahlin et aL, 1981) 

Karl<;wn ct al. (1975) used exefcise by one muscle group (arms or op~~site leg) 

10 aller the performance 01 another muscle group. Prior arm e_ccrcise resulted in 

cIcvalt:d kg mmde LA and :1 subsequent decrease in leg muscle performance. Thus it 

appear~ that lactate dccreascs pertormance evcn whcn the prior exercise has been 

perfnrmed hy a lhllerent mmclc group. 

The decrea~c III the spccd index across shifts may be attributed to a biochemical 

origin a~ weil a~ a p~ycholvgical origin. Wlth only 15 seconds of recovery between 

rcpctitions 111 a shllt, the playcrs develop high leveb of lactate. As a consequence of 

this fatIgue. the playcrs may unconsciously perform at a lower level on subsequent 

sillfts. 

l The anaerobic endurance index was the sum of the times for the four repetitions 
'. 

of the RSS test withm a shift. Times for the anaerobic endurance index ranged from 

! 

J 
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60 to 65 seconds. Within a shift, the exercise to recovery ratio wns approximatcIy 1: 1 

with each of the four repetitions being 15 seconds in duration and performed nt 

maximum intensity. The primary energy source for a shi ft would he the lm;tntc ~ystem. 

Results for the anaerobic endurance index for this study arc l"omparcd to 

previous studies in Table 5.2. AlI the studies reported in Table 5.2 lIscd SIX rcpctltions 

ta constitute a single shift of hockey. Table 5.2 was conslrucied from the sum of 

repetitions 1, 2, 3, and 4 of the invesligators's data. Montgomery et al. (1988) 

reported the fastest times for the anaerobic endurance vanablc. Their slIbJects were 

university players on the varsity team. They averagcd 57.6 seconds for four rcpctitioll1> 

of the RSS test. 

Brayne (1985) reported limes of 60.2 seconds for varsity Icvcl playcr~ and 61.6 

seconds for junior varsity players. When university and juniors were used as sllbject~, 

Watson and Sargeant (1986) observed an anacrobic endurance mdcx time of 60.8 

seconds. Montgomery (1982) recorded 62.1 seconds as an anaerobic cndurance index 

for university level playcrs. 

In this study, the unaerobic endurance times for the fIrst shi ft averaged 60.4, 60.3 

and 60.0 seconds in the pa~sive, skating, and cycling recovery conditlom. Thcre wa~ 

no significant difference among conditions on the flrst repetltiou 

The meau limes for the six shift~ in the pa'>'>lvc, ~katillg and cycling conditions 

were 63.2, 61.8, and 61.5 ~econds, respeclJvcly. The average timcs were greater 

because of the fattgue th<>.t ocvelop,> over the ~ix .,hlfl'>. 

Both the skating and cycling recovery condltiom re~ulted in ~igniflc:.tlJtly fu~ter 

anaerobic endurance time~ than the pa~sive rccovery condItIOn. The performanl,e 

times did not detenorate as fa~t during the ~kating and cychng condition:-. a,> the 

passive condition. ThIS was illustralcd in Figure 4.1. 
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Table 5.2 Anaerobie Endurance Index of the RSS Test (x ± S.D.) 
for Various Studies. 
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Leve1 n Reference An. End. Index(s) 

University and Jr. 24 Watson and Sargeant 60.8 
(1986) 

University Brayne (1985) 
varsity 6 60.2 
jr. varsity 5 61.6 

University Il Montgomery (1982) 62.1 

University Montgomery et al. 
(1988) 

varsity 17 57.6 
varsity and jr. varsity Il 58.5 
jr. va.rsity 14 59.6 

Varsity and Intrarnura1 Present Study 
Shift 1 Passive Cond. Il 60.4 ± 2.4 
Shift l Skating Cond. Il 60.3 ± 2.1 
Shift 1 Cyc1ing Cond. Il 60.0 ± 1.6 
Six Shifts Passive Cond. Il 63.2 ± 1.6 
Six Shifts Skating Cond. Il 61. 8 ± 0.9 
Six Shifts Cyc1ing Cond. Il 61. 5 ± 0.9 



50 

The accumulation of lactic aeid or hydrogen ions is the probable cause of fatigue 

during repeated efforts of short term, intense excrClse (Dawson et al., 1978; Fitts and 

Holloszy, 1976; Hermansen and Osnes, 1972; Karisson and Saltin, 1970; Tesch, 1980). 

Changes in the intracellular hydrogen ion concentration appenrs to influence severnl of 

the rate-limiting steps of glycolysis (Danforth, 1965). 

Several studies have compared the power output from pre and post test ufter the 

pre test, lactate levels were artifIclally raised by pharmacologie al means (Costill ct uI. 

1984; Spriet et al., 1985), atmospheric manipulation of CO2 levcls (lIogun and Wc\ch, 

1984), and supra-maximal exercise (Karlsson ct aL, 1975; Joncs and Green, 1984; 

Weltman et al., 1977; Yatcs et al., 1983). These studies reported a ..lecrease III power 

in both dynamic and isometric exercisc. The decrea~e in power l~ hkcly due 10 

elevated lactate concentrations. 

There is a strong correlation between incrcased lactate and decreH!-.ed contractile 

force (Fitts anù Holloszy, 1976). During high mtcI1s1ty intermittent exercÎse, 

Hermansen and Osnes (1972) observed a continuaI decrea ... e III mu ... dc and blood plI. 

Renaud and Mainwood (1985a; 1985b) found that rnu<'c1e~ expmed ln Il low pli 

environment, fatigucd more quickly. ThIS wa~ duc tu a rnodlflcd IOIlIC conductance of 

the sarco1emal membrane. Muckc and Jollner (191-\6) oh ... erved that lIH.:rea!\cd ladic 

acid influcnccd the elcctrical rnembrnnc cunduclÏvlty and the VcloClty 01 action 

potentials sprcading along the mu ... cle fibre. The lIlcrca<,c 11l conductIon Vt.:IOClty WH'> 

accompanicd by a dccrcasc III conlracttlc force. The decrca"e J1l plI that accompalllc" 

an incrcase in lactate can al<;o cltecl the mu,>cular force output. 'l'hl" l' cau~ed hy the 

increased 11+ IOn concentration whlch illier/cre., wlth calcium relca<,e from the 

sarcoplasrnlc retIcu!um and dccrea,>e<, Ca -j f affllllty for bllld1l1g wlth tropOlltn (' 

(Hermansen and OSI1(,~, 1'J72; IIuJtman ct .. JI, 19H6). 'l'hL: ahove ... equencc can 

decrcasc the substrate ,>upply for myo!-.lI1 AI1'ase or reducc myO\lll J\Tl'a"L: actlvlty 

and pror.:"...tc fatIgue through a rcduction III the cro.,,,-lmdge turlIovcr rate (J Iultman cl 

al, 1986). 
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Klausen et al., (1972) and Tesch and Wright (1983) both found that endogenous 

increases in lactate camed decrernents in performance. Klausen ct al (1972) us cd five 

minutes of heavy arm cxercise to increasc lactate lcvcls beforc having subjects cycle to 

exhau\t1on Oxygen uptake was not affcctcd but a rcduction was observed in total 

work output. Te~,ch and Wnght (1983) harl subjects perform 50 consecutive maximum 

volllntary knee exertiom.. Followmg a 40 seccnd rest period, five additional maximal 

contraction~ were cxewtcd. Peak torque decf{;ascd 67% as a result of the first 50 

contractiom. A verage po~t recovery torque was 70% of the initial value. 

I10gan and Wclch (1984) cxanuncd the cffeet of vaned lactate levels on bicycle 

ergorneter performance. SubJect~ performed ftve minutes of cycling, then had a 

rccovcry penod of four mlllute~, followed by a performance task ta exhaustion. By 

varymg the fractIOn of lIlsplred oxygcn brealhed dUflng the initial work period, the 

rc~pon~e was d slglllflcantly tilf1ercnt blood lactate concentratIOn at the start of the 

performance ta~k. Whcn varicd blood or mu~cle lactate levels were induced. the 

subsequcnt performance wa~ ~lglllfH.:antly effectecL 

ActIve recovery has been shown to reducc lactate levels compared to paSSIve 

rccovery. Bonen and Bclca~trn (1977) reported that act vc recovery reduced lactate 

levcls by 88°;;) III 20 rnlllute~ as compared 10 a 50% redl.ctI0n In lactate following 20 

minutes 01 pa~~lve recovery. 

I1crman~ell and Stemvold (1972) studied lacte: te rcmoval rates at recovery 

il1tcn~il!e~ of 30, W, 70, and ~O<X) of lI}' subJccb' V02max. An optimal lnctate removal 

rc~pon~c 01 H.O mg<X,/mm wa ... prcdicted 10 occur at 63% of V02max. Similar optimal 

removal illten~ltle~ were I(JUIll! by Bonen and lklca~tro (1976). Rest. sclf-sclected 

continUOll\ joggJl1g, and free lIltermIttcnt Jogging were llscd 111 the recovery phase of the 

cxpcnrnent. l'hl' optllnal bcllc and rernoval rate Hl the above ~tudy was found to be 

7.1 mg% per IIllllute and occurred at 57.1 - 70.()% of VOzmux. 

Davles ct al. (1970) cxerciscd four subjects for six minutes at 80% of their 

V02max. The suhject ... \Vere then c)<..crClscd at four diffcrent recovcry intensities, 15, 
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30, 45, and 60% of V02max. Lactate removal was better at 30% and 45% of the 

subjects' maximum aerobic capacity than at the low (15%) und high (600ft,) recovcry 

intensities. 

Belcastro and Bonen (1975) found similar rcsults to Davics ct al. (1970). Their 

subjects were exerciscd at 89% of V02max for six minutes followed by rccovery nt 

rest, 30, 45, 60, or 80% of V02max. The mo~t expedICnt removal rate~ ol:wrred nI 

29.7% and 45.3% of V02rnax. 

McLellan and Skinner (1982) used the acrobIc thre~llOld and fraction .. 01 the 

subjects' V02max as markers for work inten~ity recovcly lcvck I,Hctate remnval wu ... 

fastest whcn rccovery exerCISC \Vus pcrformcd at the conditiun de ... cnbed a ... the acrolJll: 

threshold mmus 10% of V02Inux. This lIltcn~ity wa" cquiv,dcnt 10 applOxlIl1atcly 43'1.. 

of V02max. Compurcd to the rc~tlllg coml!tio/l, lactate removal wa ... lanhtatcd al 

recovery intensltIes betwccn 27 - 58 % of V02max. 

These figure,> cOllcur wIth data collcctcd by KOlltcdakI" and Sharp (pm5). They 

had rowers ~pnnt 2000 mder ... then Iccover at 4o'X) and 60% of the maXn11U1l1 .. troke 

rate attained 111 the '>pnnt Both actIve rccovery cOll<hllon<, produced "'Igllllicantly 

greater lactate tUflhwer Ihan the rc~tl1lg COlllhtlOl1. The 40'1., cOIllhtwn wa .. abo 

significantly more effcctIvè than the 60 'X) condItIOn. 

It appear~ that the mode of actIve recovery I~ also an important varIahle. 

Sleber~ and McMurray (19l51) ~tudICd ~wunmlllg and walkmg é1'> 1 ccovery mode-. alter 

swimmers had cxercIscd al l)()O;;) al V02 max for twu mlllutc .. on a ~WJIllIJlIll~ 

ergometer. Lactate lcvcb were rcduccd by 38.5% during the walklllg reLOvery and 

53.3% during the sWllnmmg recovery. Swimming recovery wa ... per/ormet! al 43'1., of 

the athletes' aerobIC capaClty whilc the walkll1g recuvery wu .. pcrformcd al 33'1., of 

aerobic capal'lty. The probable rca<.,on lor the unprovcd lactate turnover lor the 

swimming cn/lc!JtiOll was the highcr work rccovcry inten.,ity and the .. p(jf~-"rcuflc 

nature of the recovcry lask. 
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The results of Siebers and M:dvfurray (1981) differ from those of Watson and 

Hanley (1986) who compared bench-stepping ta skating as forms of active recovery 

from two hlgh inten~ity ~kating bout~. Skating did not elicit a significantly greater 

lactate removal rate th1lO bcnch-stepping. Both modes had greater lactate clearance 

than the rc~tlllg mode. An cxplanation for this may be Ihat there is a significant 

amount of ghde whde ~kating and cven though the he art rates were kept the same (120 

beat~ per mlllute) J or both actlVlties, llladequate muscle recruitment could be the 

reason for the ~porH)pecific actIVlty not having a more efficient removal rate (Watson 

and lIanlcy, 1986). 

In tlm ~tudy, actIve recovery by cycling or by skating produced better anaerobic 

endurance tlInc~ than the passIve condition. The cycling recovery was performed at 

40%) of VOzmax. The lactate concentration in the cycling condition was 8.5 mmol/l 

aner SIX sillft" 01 the RSS test. In comparison, the lactate concentratIOn in the passive 

condition wa ... 10.6 mmol/l. 

The drop-olt index for the RSS test is the diffcrence betwecn the slowest and 

fa1>tcst repctitioll~ 111 the shift. Rc~ulh for the drop-off mdex from this study are 

compared tn previou<; studics III Table 5.3. Since the other studics uscd six rcpetitions 

!Ind thl ... ~tudy ll~ed four repetltIons, cautIon IS ncccssary when compari::,oIls arc made. 

Wat:-,oll and Sargeallt (19tS6) ob ... ervcù a dr(Jp-of[ llldcx tImc of 2.7 scconds for 

1Ill1vcr~ity and jUlllllr players. It 1'> intercstlllg to note that the studlC~ which found the 

... lowcst :lnacwbic l'Ildurance tlmc:-. recordcd the be~l drop-off times. 

ln the prc..,enl study the drop-ott mdex for shift OIlC averaged 1.8 seconds in the 

passIve eOlllhtitln. 1.5 second~ Ul the skatlllg condltlon, and 1.6 seconds in the cycling 

condition l'hl' drop-off llldt'x lor ail six ~h1ftS averagcd 2.0 seconds III the passive 

condItion. Bnth the cycling and skating conditions rcsulted in signifIcantly improved 

pCrfl)rmanCcs as Il1ca~ured by the drop-off scorc. 

j 
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Table 5.3 Drop-off Index of the RSS Test (x ± S.D.) for Various Studies. 
-If . .. 

Level n Reference Drop-off Index(s) 

Canadian Olympie Team Smith et al. (1982) 
forwards 15 3.2 ± 0.8 
defense 6 2.8 ± 0.7 

Professiona1 and Jr. Reed [cited by Smith 2.9 
et al. (1982)] 

University and Jr. 24 Watson and Sargeant 2.7 
(1986) 

University Brayne (1985) 
varsity 6 2.9 ± 1.0 
jr. varsity 5 3.4 ± 1.3 

University Il Montgomery (1982) 2.2 ± 0.9 

University Montgomery et al. 
(1988) 

varsity 17 2.6 
varsity and jr. varsity Il 3.1 
jr. varsity 14 3.6 

Varsity and Intramura1 Present Study 
Shi ft 1 Passive Cond. Il l.8 ± 0.8 
Shift 1 Skating Cond. Il l.5 ± 0.6 
Shift 1 Cyc1ing Cond. Il l.6 ± 0.7 
Six Shifts Passive Cond. Il 2.0 ± 0.2 
Six Shifts Skating Cond. Il l.6 ± 0.1 
Six Shifts Cyc1ing Cond. Il l.5 ± 0.2 

-----
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5.2 Blood Lactate 

One of the purposes of this investigation was to observe how different forms of 

rccO\ery ef[ect hlood lactate concentration. The blood lactates were drawn pre and 

post te~t ln ail three condItions. The active recovery protocols were empiuyed between 

shifb to dctcrmine if they would have any effect on skating performance. 

The po~t-te~t lactate values were 10.6 mmol/l in the passive condition, 10.4 

mmol/l in the ~katillg conditIOn, and 8.5 mmol/I in the cycling condition. These values 

are ~omcwhat higher than earlier studi~s which have recorded blood lactate 

concentration~ after one penod of hockey in agame situatlon. Green (1976) obtained 

blood lactate value,> of 7.9, 8.9, and 8.9 mmol/l for centres, wmgs, and defensemen, 

re~pcctlvcly. Green ct al. (lY78a; 1978b) measured blood lactate levels in forwards 

and dcfcl1'>emen and obtamcd a rncan of 4.9 mmol/l for two games. Lactate levels are 

lower in gamc "'ltuatlOn" bccausc cvcry shift IS not a maximum effort as compared to 

the pre~ent ~tlldy w;lcrc player., pcrformcd four rcpctitlOlls totaling approximately 60 

second~ of "ali-out" ~.katll1g. Wilson and Hedberg (1979) reported a value of 15.0 

mmol/l for one ~ubJed at the conclUSIOIl of one penod of hockey play. Watson and 

Ilanley (1986) ob .... ervcd bloud lactate levcls as hïgh as 12.1 mmolll after a simulated 

period of hOl:kcy \VIth a work to rc~t ratio of 1 :2. 

The cychng COJl(htlOll had a signiflcantly lowcr (p<0.01) post-test lactate level 

whcn compared tu the pa ....... lve recovery condition. These findings are contrary to those 

of Fox ct al (190<)), who ob~erved clevatcd blooc\ lactate lcvels dllnng active recovery. 

Sllbjcct~ per/ormel! 10 olle Illlllllte treadrmll rullS at 21.6 km/h and 2% grade. Bctween 

e,",erci-;c bOllh, 2 5 Illlllllte relief intcrvals were performcd at 9.6 km/h (60% VOzmax). 

The pre~ellt ~tlldy u .... ed a ~IX mlllute actIve rccovery period (1:3 work to rest ratio), and 

i~ III agreement wlth prcvIOlIs stl1ÙleS (BOileau ct al., 1983; Bonen anù Belcastro, 1976; 

I1erm:lIl .... cll ct al. .1975; lIermansen and Stensvold, 1972; McGrail ct al., 1978; 

Rammal and Stmm, 1949; Stamford et aL, 1978) which round lowercc\ blood lactate 

lc\'c\~ .lftcr rIve Il1lJllIte,> t)f active recovcry. 
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In the skating condition, the subjects performed at a self-selectcd pace. The 

rnean recovery velocity for shifts one to six was only 210, 206, 209, 200, 200, snd 190 

rn/min. These speeds were probabiy too low to promote lactate oxidution. Whcn 

substituted into the rcgression equation developed by Ferl'uson ct al. (1969) to prcdict 

'V02 from skating speed, it is clear that the self-selcetcd skatmg spced corrcspondcd to 

low intensity exercise. This observation is appropriate if the usslimptioll is mnde that 

one of the major factors in the rate of lactate removal is recovery intcllsity (Boncn et 

aL, 1978; Bonen et al., 1979). 

The lower lactate levels 111 the cycling recovery condition cOIlCur with the 

significantly better anaerobic endurance index and specd ind~x limes observed in that 

condition. Both indices were significantly better than the re~lllt~ ohtaincd in the 

passive recovery condition. 

Watson and Sargeant (1986) and Montgomery et al. (1988) have reported blood 

lactate concentrations of 11.5 mmol/l and 10.7 mmoI/l, respectlvcly for MX repet itions 

of the RSS test. In thls study, the blood lactate concentration was 8.<) mmol/l alter the 

first shift in the passive condition. The lower value is altnbutcd to Ic~'i work "mec the 

shift consistcd of four repetitions in'iteud of the ~IX repelttiom met! in prevlou~ "tudies. 

In the passIve condition, the blood lactate rcachcd a peak concentratloll of 11.2 

rnmol/l following the fourth shift and dropped to 11.0 mmol/l and 10.8 mrnoIlI aCter the 

fifth and sixth shifts, respectivcly. 

5.3 Heart Rate 

Heart rate is an indicator of the total stress on an individual. In this ~tudy the 

heart rate intensitics for the six ShlftS were 93, 95, and 96% of the maxImum heurt 

rate, for the passive, skatmg, and cycling condItIon", rc'>pectivcly. The mcal1 heurt 

rate was 174 bprn for ail conditions. Tclernetry monitonng of heurt rate during hockey 

games has shown a peak heart rate 01173 bpm or 94(}'o of maxImum (Montgomery and 

Vartzbedian, 1977). 
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In the passive recovery condition the heart rate decreased to 102-110 bpm in tbis 

study. "Old timer" hockey players averaged 115 bpm at the end of recovery on the 

bench between shifts (Montgomery, 1979). Five-minute recovery heart rates averaged 

113 bpm following performance of the RSS test (Montgomery, 1982). 

Based on heart rate data, it appears that the protocol used 10 this study 

simulatcJ the upper and lower intensities recorded in hockey games. Peak he art rates 

prodm,.-d from four repetitior.s of RSS test corresponded to the peak heart rate during 

a hockey shift. The heart rates following six minutes of passive recovery matched the 

recovcry heart rates between shifts. 

( 
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Chapter VI 

SUmtnary, Conclusions, and Recommendations 

6.1 Summary 

The purpose of this investigation was to compare the cffeet of two modcs or 

active recovery (skating and cycling) to passive recovery on blood lactate concentration 

and performance in a simulated ice hockey task. The simulatcd ice hockey task was n 

modified version of the repeat sprint skate (RSS) test. The modified RSS test 

consisted of four repetitions (Rhodes et al., 1985) of skating l'rom goalline to goal line 

and back to the blue line closest to the starting point (91.4 meters), with repetitions 

initiated on 30 second intervals (Reed et al., 1979). The test was repeated 'iix times 

with recovery intervals of six minutes betwecn each test. The protocol lor the task was 

based on prior studies which employed limc motion analysis during f,ame play. ft was 

believt!d that the protoeol created through tl,n use of intermIttent RSS te:--!:-- would be 

more representative of a typical period of hocke} than previous protocob wlm;h have 

used "aU-out" bursts of skating for a selected period of time around an oval coursc. 

The subjects in this study werc 11 males that participated in hockey at cithcr the 

varsity or intramural leve!. AlI subjects perforrned a :-.ingle continuolls aerobic filnc:-.s 

test (\T02max) on a cycle ergorneter. AlI subjects completed ~ix shtfh of the modified 

RSS test on three occasions with random assignrncllt of thc mode 01 recovery, (cycling, 

skating, or passive). Cycling recovery was pcrformed at 40% of V'02max while :-kating 

recovery was performed at a self-selected pace. For the pa~~lve recovery condition, 

subjects sat on the bench. BIood lactate levcls III the pa:-.sive condition were mea,>ured 

five minutes into each recovery period. Pre and p05t te~t lactate leveb wcre measured 

in aIl recovery conditions. From the RSS test, thrce performance indices were 

measured: (1) speed index, (2) anaerobic endurance index, and (3) drop-off index. 
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Post-test lactate levels and skating performance indices were compared among 

treatrnent conditions in order to determine if the active recovery conditions produced 

Jower lactate lcvels and better performances. 

The first hypothesis of this study stated that blood lactate concentration would 

be significantly lower following active recovery conditions than the passive recovery 

condition. The om,-way analysis of variance (ANOVA) for the three experimental 

conditions u!>ing the differcnce betwcen pre and post test lactate values revealed an F­

ratio of 6.46 which was signiflcant at the 0.01 level. A Tukey post hoc test was used to 

detcrrninc the locatIOn of the significance. The results of the post D.OC test showed that 

blood lactate levels measured in the cycling recovery conditlOn were significantly lower 

(p<O.Ol) than the passive recovcry condition. These results suggest that the cycling 

rccovcry condItIOn removed lactate faster than the passive recovery condition. 

The second hypothcsis predictcd that the speed index variable of the RSS test 

would he ~iglllflcantly faster in the active rccovery conditions than the passive recovery 

condili"Il. A factorial ANOVA rcvcaled an F-ratio of 2.15 for the "conditions" 

variable. TI1I\ mdicaled that thcre was 110 significant difference (p>0.05) among 

cxperimental ~fl)UpS for the spccd index of the RSS test. 

The third hY!10thc\IS stated that the anaerobic endurance index variable of the 

RSS test would he slgnificantly lowcr in the active recovcry conditions than the passive 

rccovery ClllldltlOll. A factonal ANOVA revealcd an F-ratlO of 5.14 for the 

"colllÎttlOm" vanable wfnch vvas significant at the 0.02 levcl. A Tukey post hoc test 

~hoWl'd that holh the skatmg and cyclmg recovery conditIOns had significantly (p<O.05) 

tasler anaerobic endurance times than the passive recovcry condition. A significaut 

interaction was 1001l1d in the "conditions by Sillfts" variable. The F-ratio of 2.50 was 

slgniltcant al Ihe tl.lB levcl. Tukey post hoc analysis mdlcated that both the skating 

and cyding rel'Ovcry conditions produccd significantly (p<0.05) faster anaerobic 

endurance index limes in shifts 4, 5, and 6 of the RSS test. These results indicate that 
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the active recovery conditions produced superior anaerobic endurance index times with 

less deterioration in performance in the latter shifts of the test. 

The fourth hypothesis of this study predicted that the drop-off index variable of 

the RSS test would be significantly lower in the açtivc rccovery conditions thon the 

passive recovery condition. A factorial ANOV A revealed a significant F-rutio of 6.54 

for the "conditions" variable. These results indicate a significant diffclcncc Hmong 

conditions at the 0.01 level. Furthcr analysis using the Tukcy post hoc tC1>t indicatcd 

that both the skating and cycling recovery conditions showed significantly less (p<O.05) 

drop-off than the passive recovery condition. 

6.2 Conclusions 

Within the delimitations and limitations of this study, the following conclusions 

seem justified: 

1) Cycling recovery at 40% of '\!02max, lowered blood lactate cOlleen! ratioll 

significantly more th an passive recovcry. Skating recovery at a 1>clf-~clected inten~ity 

did not lower blood lactate concentration compared to pm~ive recovery. 

2) The specd index times for the RSS te~t were ~tatl~lIcally ~imllar lor the three 

experimental condItions (paSSIve, skating, and cycling). 

3) Anaerobic endurance index time~ for the H ~S te~t were sigmfll;antly fn\ler in the 

skating and cychng rccovcry condition~ lhan the pa~~ive recovery conditlO/l. 

4) There was ~jgnificantly Ic~\ drop-off in thc ~katll1g and cycling rel,overy cOllditioll\ 

than the passive recovery condition. 
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6.3 Recommendations 

( 
The following recommendations are proposed for future investigations: 

1) Follow-up studies should be conducted using different cycling recovery intensities in 

order to determinc the most efficient intensity. 

2) Follow-up studies should bc conducted by using different work to recovery ratios in 

order to determinc the effect of varying the duratior.. of the recovery period. 

3) Active recovery procedures should be obscr,ed during game situations in order to 

obtain more data on thc effects of active recovery on blood and muscle parameters 

and the:r effect on performance. 

( 
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Appendix A 

Repeat Sprint Sküte (RSS) Test 

Speed Index = 7.96 (s) 

Anaerobie Endurance 
Rep 1 14.7 (s) 
Rep 2 15.4 (s) 
Rep 3 15.8 (s) 
Rep 4 16.2 (s) 
Total 62.1 (s) 

Index 

Drcp-off Index = 1.5 (s) 
Slowest rep (4) =- 16.2 (s) 
Fastest rep (1) = 14. 7 (s) 

\\ 
~~ 

~ \ 

796 sec 

9 Srart 

• Stop 

Specd Index: 111C time requircd to skate one length of the ice (54.9 01) on the 

[irst rcpetition of the RSS test. 

Anaerobie Endurance Index: The total time rcquircd to compktc lotir 

repetitions (4 X 91Am) of the RSS test. 

Drop-oif Index: 1l1è diffcrcncc betwccn thc fastest ;md sJowe:)t repctJ!IOI1:-' 0/ 

the RSS test. 
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Appendix B 

Data Collection Sheet (Passive Recovery Condition) 

Subject ________________________ _ Date, ______________ _ 
Tester -----------------------------

Trials 

Shift Speed Index 1 2 3 4 Total Drop-off 

1 (s) (s) -- (s) --- ( s) --- -- ---- ----

2 ( s) (s) (s) -- (s) --- -- -- ---- ----

3 ( s) ( s ) ( s ) ---- ( s) --- -- ---- --- --
4 (s) (s) --- (s) --- ( s) --- --- ---- ---

5 (s) ( s ) (s) -- (s) --- ----- -- ---

6 (s) (s) (s) --- ( s) --- --- ---- -- --

Pre-test Lactate Concentration ----- mg% 

mg% 

Mean _____ _ mg% 

Shift Lactate Concentration (mg%) 

1 

2 

3 

4 

5 

6 

Post-test Lactate Concentration mg% 

mg % 

Mean mg% 

Comments: 
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Appendix C 

Data Collection Sheet (Skating Rccovcry Condition) 

Subject __________________________ __ Date 
Tester ________________________ ___ 

Trials 

Shift Speed Index l 2 3 4 Total Drop-off 

------
1 ( s) ( s ) ( S) (S) 

2 ( s) ---- ( s ) ( s) (s) 

3 ( s) ----- ( s) (s) (s) 

4 ( s) ------ ( s) ( s) (S) 

5 (s) ------ ( s ) (s) (s) 

6 (s) ---- ( s ) ( s) (s) 

Shift 

----- -------- ------------------------------------- - - -
Lap 2 3 4 156 

1 Time ( s) ----- -----
2 Time ( s) ----- ---- ---- ----
3 Time ( s) ----- ---
4 Time (s) 
5 Time (s) 
6 Time (s) 
7 Time ( s) ----- ---- --- --
8 Time ( s ) 
9 Time ( s ) 

10 Time ( s) 
Il Time ( s) 
12 Time ( s ) 
13 Time (s) 
14 Tirne ( s) --- -------
15 Time ( s) ------ ----

------ --------- -------------,------c·---- - ------------ --
Distance Skatcd (m) 

----------------------------------~--~---~~ Average Veloci ty (mimi n) 

Pre-test Lactate Con mg% Post-test Lactate Con __ _ rng% 

mg% ___ rng% 

Mean rng% 
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Appendix D 

Data Collection Sheet (Cycling Recovery Condition) 

Subject ___________________________ ___ Date ____________ __ 
Tester ---------------------------------

Trials 

Shift Speed Index 1 2 3 4 Total Drop-off 

1 (s) ---- -- (s) ---- (s) -- (s) --

2 (s) -- (s) -- (s) -- (s) --- ---- --
3 (s) -- (s) ---- (s) -- ( s ) ---- -- --
4 (s) -- (s) ---- (s) -- (s) ----- --
5 (s) ( s) ( s) -- (s) ---- -- -- ----

6 (s) (s) (s) -- (s) ----- ---- -- ----

Resistance at 40% of V02max kp 

Pre-test Lactate Con mg% Post-test Lactate Con __ mg% 

mg% mg% 

Mean mg% mg% 

Corrunents: 


