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which   d.e.i;ci~!7i.inns   i,he   exte-L'Lt   to   which   th.e  mfta.b`ilic

p].`ocesses  carl  p.rciceed  aer`t;ibicp.1ly  and  aridi,¥rtibically

(23         `18-.19.,®

At   t,he  corF`L'iencement,   of   exercise,   even   `i±'  the

iritensity   wa.s  belt)\./  60   to  70  pence.nt   of  maxi[i:ia.i  c)x.vg`3!.i

uptatce,    sc;rfre   aha,erobic   ffieta.eo:`Lism   -wic`-*1d   oc:c.i...r   diirir,i.±',

the  i'irf,t  45  to  60  secor!ds,   while  the  car..disc  out,put,

would  be  adjufited  from  a  resting  con€i.ition  to  the  level

requj.red  .by  the  work  i.Cad.     I'he   in{3rcasin.g   sev@I`ity  o£.

exercise  wou].d   ca.&Sc  ade!r.Lc.'sine  diphosph;.ate   accumulat,irjn.

I{he   breakdct~.fi   I:if  g-L.vct`igeri  would  be   accelera.ted  and  tin

iricreas€£   in.   the   re.fS.uct..iorT.   of  lii€,c.tip.a7i-S`Lde   acle'nine

3. i nu c; 1 €3 a t. i d e S

At  a  crib:ical  iritensityf   the  oxLv.,gen  transpo£`tilig

systfjHt,   tw.ould   ntJt   p`r{Jiv+ide   suf,1-'icie.{Lt.   o^T}-ge.i-1   to   the   c¢*.I.Is,

anid   ci.  pcirt.iori   c>i'   tne   .-pyr'i3.vis   acid   `".}iicir   wa&`   formed,    i.n

addit.ion   .t;:i   t.h¢..   a.:!i-jfge.n,    wcjuld.   ac.l'`   as   a  hiv-a,rocgen

acceljiT,Oi..       !Jn{i€;er.    suc'n   co.gid.3.+jiori8   sc}m€.   o.€   t.h¢3   {3o-er?.zyme
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}i..leo-tir`i3.i'i.iidAe    ade}i.it.ie    fiiir}uc..`F3o.tiiii=.     { ri±,€'i.i.I.c{f;..,:i }  ,    \.,'`!'L)uld,    be

r'eo,}T.id-i?,ecl   ana`j3l`obi{.}€.tl.l}r   by   p``;.t`uva.*`3.   w}iici}.   i,`trcm].d.   .i)e

tr.a!nsformed   i;a   lac:.tj.ct`   a`?.id.   arid   i-,he   rfLs'maj.rt.der      .

reoxidized   iyi   i;he  mitoc:n.oi`idria  aero.bicall.¥.     I.i.`  tile

work   ivel;e   fur.t.+ier   intenE3j.±`ied.   a   la.t`ger.  Ei.er,umul`g.i;ion.

of  lactic   acid  'tvould`be   formeci   {£g      .30~3i).

I{igh  in'tensitsr  ex.ercise  has  resi.ilted  in  the

proctuction  of'   lactic   acid   (15,   ,a.5).   wh3.a?I..i   £.nFiibj,i::i
•bhe  mobilizatiori  of  free   fat.uar  ac5`ds   or  tr!.e  act.i.-j.ii=y

of  glycolytic   en7.yme`q   su€ih  as   la.State  dehyd.rog¢:`nase

and   phosp}'Lofi`u.3tokinase   {:4.g      932co6).      AstLoand   a.nri

Rodahl   {.:i.9'/?)   recol'iuner3ded   that   ai;   least   one  `.h.otir  vi.'as

r.eed€d  bet't`+een  high  ill.terisity  events -to  permit  I.a`-eta.ke

rc-rru:}t.al   f.rorr!   `£h€;   bod.y   to   be.   corr!pleted    (2.3      .',.i.12co3}.

the  remc.v,'il  o*T  la..ctic  acj.a  af`t,e-1.'  intense   exELircise,-

-through  a  successful  r€.cover'y  techriique,   in.a.y  there±`org,

be. a.ritii`.aJ.  for  the  resumption`  of  shibsea.ueni;  __ana.ere.L`ic

exerr,ise ,   pa±`tir,`i,`iari.v  during  athletic  t`.ompetit5.on

(I,0:      7S6-95)..

Trainir:.a  has  ofth3?I  beer`.  rep,orted  tti  increaser

ain  athieta'S  capaci«:y  i;a  pr`oduce  lactic,  `Fjeiti  du.rim.a-

in,axima.1  exeI.cise.     'l`his  greater  ¥`j`roduf;tiort.  of  lac.Cie

ac.i.d.  has   beett  a,s}soci'ai-,ed.  .t.7ii;.n   iricreased  ".aximal.  work

capacity  and   a  d.eiar/ed  a..-.ri.ire.`,-.   ct±.  fat,igue.      I+u  could

therefore  be   d.ed.jLc-ed   th£|it   1?^cti€   at:id   in;3.}r  L`iot  be   t.he

catise   of   .€.ail.igl,I.e    (.3:      184.-7).
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}iowe`.rel'.,   untrJc~3iined   sut`;tit?c:i;s   .im   studies   t}.iat

.a,h.ovtecJ   3.   bra.ini.ng  effect   on  ^mar:imal   .1ractic   acid.

a.ccu}flul.at,io.n  \'`/€±i.,`e   i"id(3g.I,I.ately  }r!c`tivat,ed   to   cont.inue

works.ng9    and   tc.he   `*rainirT.g   e.±`£`e.ct  Was   due   tc.   an

improv'ed  motivatiori  to  contj.nt.ie  in  the  face  of'

increasing.  cJiscoriifor`u~.     Accordi,rigly,   thei.e  ar'e  two

expianationr`  to  a.ny  i;r``ain3.r,g  e=.fee.i   ot?  max.imal  la.ctic

8.cid.  a.ccumt.j.Iat3.on.     Fir8t„   tl.ainir!.5r  8i.khe-i~  improved

motivi+ition,   or  a  tolerarT4,3e   i;o   lactic   *£c::ii3,   or  Secondlyf

mop.e   lactic   acit9.  carl.  ba.  produced   5.I:,.  a  car:,a,i.Sioned

athlete  as  a  result  oi'  i;he  greater-  str.`res  of  g1}.cogen

available  during  anae,robie,  breakdc}wn   {2:     598-.602).

It  has   be,en  sho`i/n  that  bloorJ,  lacSzl-`u.a  .levels

are   r'&d."€ed.   1'a5tei`.   if  mod.'3r'a,te   a.€jI`obi¢   e.xer,'c!it`,6`

were  pei'formed  during  the  recovei-'y  period   (3,   9,   10,

23,   32„   /+0),     ProFoneni:s  oi-active  recov.ery  believed

t}-=at  th.is  augmented  "tot:a.i.  recovel¥,"  because  of  the

increas€`d   h.er`ri;  rate  a.ncl   oxygeri  `JLptake   (28!      153-6].).

Sharj€ey   (36£     26-3tL))   has   stated   -Chat  th.e

t,oi;al  a.ria€..rwhi.a  `ssrsi;em  wa,s   essential  to  the.  compet-

i.ti-j-e   iT.Stu -... a   of  s¥`crt   in  S.<o,ciety  .today.     .W'eltman  et

al   {1977)   :-.a.ve   ir`.ve,st.i.{s-ate€.  .the   e±`±.'ects   o*'  different

ref.`3¥€iri;r  pa,i;i;ei.r,a   on  :Lactate  r.emicivai  and  subsequent

pe¥..foriria.rt.ce   (.{}03      '786-95.).      It  f3pr.e€|rs   that   I.itt].e

is   :Kno-urn  abe.ui.i:   -|~ecov@ry  .from  ITiax.imal   intensity
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a¥<``ti3.pej{`{.`b3:.I_`,.    a{jt i.'¢it,y.    i}`t `ilifz;incq    c3v£`.ii     `6.f`urk.    a£`.    +uh€3

a I. i t`; t.? ..r.` i il n    # .3{ a t` c i .€3 ® .

:i:E£;p.££€_Q+i,.I.i-.kfrgfdL¥

the  primar'y'  p``:I.pose -of   tin.g   Study  tft.a.a   to

inv€ig;i;ig€3.t6e   the   e£.i`Sct8   a.f   1.ecciJ€-.,ry   tec`rj.n.`i,qu.cis   upon

tl`i-e   level   of   bloodr lactate   foi`lofty,iir?.g   su.praai:ia*imal.  _  _

aria.era.bic   arffi   erLiGm.e`cri£:   ¥u'orlt-,., /i   iieeond  pt:rpcise

w€`£i   i,a   invest,i.gate   tin,g   effect::..a  {j,'£`   hL`lood   laetate

-le`d`t3ls   upon   subs,equ.erit~,   supr.Dan+ia:{i!na:i.   anaercb.ic;`   arm I-

Srgomet,`-I.ic   .*7®rk®      A   .i:.hi.£8d   purpo€5e   was-t,a   a¥nal#.z€;`   the

ei'f-eat,€:   of   recovei`y   i;eithlii€i..fJaes  "Lr`cun   s`tlbseqtlerit

su.pranaximal  an.aerobic   a.rm  e,rgom.®t=.ic  work.

•I)e±`in±.t`i.oi.i    a.9.f   !PerEitsi
____   .          _._  --_________                ___ __   _  _

Ana,`erobic  Metabolism  -.
_        _             ---I__      _-LL--LL-__T= --.-   T_         -Li_

Anaerobic  metabolism  re`ferred

t.o  .the  -chemical  interact;ion  without  oxygeng   ic.or  the

production  ol-  ene.rg`y`  during  exercise  in  th,e  skelc-ta.i
musr=1es.

Ijact,ate  -Laet&tg--tt7as  tile  I-atigu.irig  metat!oiite  of-the-J.-a-~p-.---

1€-{{3tj.c   acid   a.vsten,   resu.1tj.ng  frc>m   the  -iricomplete

hrt3ak.d_ot.in   of  glticose.

st2 tjre.I.-t2aKiFi al   p edT `€.{i].`m.::;..]n r.` 9 --   -S`dpram.a.3;i_rna.i.  .PzQt:f.Qrmanc e

wag;I;  de.I.iried.   as   a  rna,ximum   v.olunt.a:ry   -3ffo.rt   of  pedalir`.a

an  arm   erg(3meter  ±`oi`  one  minute  ,ffir  the  I)urpose -of

ac`cl!.q}uiatir`~L¥   af   m€..riy   i.jedal   i`evoiuti.onr»   &S   pc`^qsi`ble¢
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i`{in€`   uncoi'tdition.ed   fe}i!£1e   si;udeTI`ts   a-±

App,`a!.8.cii.i.pt.n`  State  iJr:.i`ifei*gi ty  completed   fou.1-ex.peri-

m€3aTltal   Ccjnditj.£ms,   im   se=.!arate   dia`jgs.      En`mning   each

expel.imentai   eondi-tiGn®   each  s:J,-Bjec`t.  compie.'ced   two

tea.ts   of  supi.amaximFjl  anae.I.®b.i.c   arm  ergc!m€ter.  war.k;

eac}`£  test  `was   separated  by  ofie   of   f.®t£2`  ±`ecoverv

i;echniques,     Blood  samples  for  the  purpose  of.`  Get.er-

mianing  lalci.:ic  acid  were  -t:aker,  four.  times  a.ilring  eacll  .

exper`imental  condition.     Hea`f..t  r&i;e  and  ctunulative

peda.1  revolut.ions  were  recorded  by  .I;en-.second

intervals  durin.g  each  exper.imental  condition.

£IimiEaBions

Du.e  t®  the  unanticipated  prob].em  of  collapsed

blood  vessels,   three  subjects  di^d  nci:  complete  all

four  ex¥erim.ental  conditions.     While. mcT:xi"2m  effoi`+.

waEi  as}Eed   for  duririg  ail  anae`robic  performances5   it  tw.{¥S

possib],e  that  some  subjects  did  not  give  maximum
effort .



CHAP. trER   Ill:

REvlE'i'J   oF.   REfrArED   iliiERAi..yuT.I?.E

The  revievlut  of  rel{9.`ted   i.it,erat-ti.i`La  wi?.a  divided

5.nto   the   followir!g  sutohead:.ing`s 3      r.-Siv`d.i.er;   r'elated   ~to

lactat.e  accumulation  as  the  ca``ise  of  musci.i].c±I`  ±`atigues

studies  relca.ted  to  the  oi)timal  reco''.7e.+~`/  patterns  .for

laetate  remov'ali   studi.es  relatect  ±o  the  effects  of

fiber  i;ypes  upon  lactate  remoiL-als   studies  i.e.1ated  to

lactate  release  .from  musclesi   studies  i'e.i;9~ted  to  *he

i.mporta.nco  of  bod.y  organs  iri  lactai;e  remo-\ral;   and.     _

studies  reJ.abed  i;a  other  factors  affecting  I.actate

rein.oval  a.It.d  subsequent  performance.

&±!±!€ies   ]3elL±±£Ld   to   I.:actate co4±:±!±:nJELILa±|Om
§s . the  a,au.se   of  Muscul±gLdELaiiffiE£_ ,...

The  theory  t.hat  lae,tats  acid  accumu.1ation  iri

the  in.Liscles  limits  mu.scula.r  performance  .tnas  been  wj.dely

{ll±1d.   Sinoe   1933   (3s      18.   22.   3.l'j.     However,   there  have

been  recerii:  questic!ns  reJ.atec]   to  this  theo=..v.

harp.b   (19r/8)   stai;f:A   tha.t   la,L3ti(.`   acid  accumula`i;ion

vi.a`s   relatei`1   ice   the   iriter!.sity  Q£`  tl.ie  wor]£:   load  and   .that

la>,ctic   a.Cid  levels  ``+ere  .LLslJrj.lly  rLigh  during  exhaustii3n

{31:      184.-?.i.      However.,   Huitma}i   e+¢   al   {1973)   sho'A/ed

tt`ia.i   thro   t¢+.a.1.  €TITlou.*t,  oi'  lactic   acid   a,cc`"im`j5.3.ate{l  Was

€,
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riot.   €-.;I.ea+:eg,t    at.    i;ht!   .t.i.I:;a.a    o±._   i.`ati8i`:;.39    bl`it    a,.I.    L`ip}.)rctxico

mair,el:yur   5rj   pet.cert+t    of   Eiax.Li;1al   VO]nut}t.a.i.y   e€`rj.i..t.i.:icti{)no

which   cat3   be.   held   foi.   90   to   10to   S€.concis   {,?t`.`:       113~25).

flultn."an   -et   al   (-19`73)   a..rgued.   that,   1;}['€ii!\iing  hG`s

b®€n  r{-.`pcrted  tc   i.ncrease  .a  subject,i_ti   c&pacit.y, t.c>  _

prc>duce  1?.ctic   acid  dur.ing  h.f.gil  :`i.J?tengity  exercise.     As

a  re;5'ii].t,   a  greater.  prodtiction  a.f`.  I.a,ctj.a  acid  was

associated   with   r*fi   increase   j`n   `i.it`r``Sf.  capacit:t7®   and   a

dela}-ed   onset   oi`  ^i?atigue.     q?her@f.`{)re,   :Lactic   at::id  accu-

mula,tior.  may  'ffo.i;  b`i2  the  caus`e  cf  muscular  fatigue

(2.0:       113-25)..

Lanib   (1978)   suggested.  that  inany  young  and  old

stzbjects  experience  fatigue  earlier  in  end.clrance  activ-

j`ti{3s   than   b-,ubjects   bet.weeri   20   and   30  I/ea.7.®faq   of  age   \.€.?!®

have  been  shown.  to  have. lower  lactic  acid  levels .in

their  bl.ood  ai;   exhau.stion.,     Although  it^  may  tie

conceived  tha.t  triere  may  be  some  agii]g  ef±.`ect  upon

musqtAlar.  sensiictivity  to  I.actic  acid,   a  mo:.L*e  praL`tical

exfjlanation  miry  `be  that  lactic  acid  was  not  t,he  caL3se

of  fa.tigne   (31:     i84-7).

e€3   Related
FT=aci;a.tTaTGTffvH«',(-ul:I-u ---- i-I--=r-~--`- r.._ _ . __.v--

±irfutlcaLfrt ELeL-
erris  ft)

ItpTEfiStud.iI_ i __ __.

There  have  been  two  studies  investj,ga.t,ing  optimal

recotrery.patterns  fl`om  ma2r.iELc3.i   exercj.se   (269   27).

I»Tumerou.s   studies   tT.ai+'e   indica'ced   i;'!ia.t   lac{;{ii;e` reaeoval

was  er.haz2ced   during  rnodt.i.I.ate  a£.rilbic   activj.t,}rS   as
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opposed   to   a   passive   recovt€r.}..   {i+,    €:t,    9,    I.C`,   I.6L      I.n

add.it.i.on,    !3elc;€-isi;ro   and   Bo}i€.}i:I.    {19?5)    bc+t,.L3tc=,.1   thaJc   'w'heFT.

recovel.ip   exercise  Was   il-f tejTmittei^*t.   i,}`ir:a,   I.ac;i,ate   I.elfio`lal

was  faster  t.ha`n  at  res.i;,   btit,   lil.o`I.Jer  -L}ian  dur.i.r}g

ccmtinuous   nee,o`}.ery   exe.rtcise   (4.:      1r/'6ou78:i

1`:ati-,h  et  al   (1978)   inve,a-t3.g'at,ed  active  vers`iis
•passive  i`ecovery  fi`om  sr.tort  terFT.  i#j-pramaximai  exercise.

The  analysis  of  gross  V02  and  -near't  rai;e  I`eL`€ivery  dat,a

.foru  the   active:   and   pa€3f.ive   c®r[ditioris   rsi3>|JSa-J,c3`dt   statis-

tically  signi.ficant,  di±`.ferer)ces  ,in  t,he  an,a,1ysis  of

gr.ass  V02  with  the  active  recovery  scor'es  being  !iigher.

1hhe  conclusion  was  drawn  that  the  more  oxygen  read.e

available  during  ac.ti .-..re  aerobic  recovery,   the  greater

t.fie   laGi;akee   ¥`emoval   (263      I,.53-61).
•yi'c;.ltman  et  al  (19'/7) .   in  a  study  on  the  effects

of  dif±-erent  recovery  pat.terms  from  high  intensity
short  du:.-ation  exercise  on  lactate  remoij-aJ.  and  subse-.

quent  exercise,  revealed  signj.ficant  tli.ffereri.ces.     'The
20  minute  active  recovery  resulted  in  significantly
higher.  post-brel3overy  rev®1u.t:ioris   (pg.001)   and  enhanced

rat,es  ol`  1aca`jate  removal  d.uring  recovery. (408     786-95).

Similar  oiisel.`r€iticr`.§,  wer.a  concl.uded  by  Karlso.n  and

Salti.n   (2'73      598_60£).

of  FiberSi=.Lidie{3   Related   tc>   the   Effects-_  -___      -     __  I    _   ___            _____        -__     _    _  ___ _

g¥ELiLnELnLactateJiELoi±±

In   st,.Jidies   `tjy   B{)ti.en  and  B`€,ilcastr.o   (dy,   6) ,

sign.h,ificanic  d5.I'Ter.3z`.t3es   i.n  lactate  ref.`oval  rates  among
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subj€:cts   ha`j-e   bee.n   obs€j'rvtid.      Bfjil.en   ;lil,ti   i-.}glt-.,,a.st,+.,Ito

(1976)   pi.oposed   tri,at   `a,uch   a.^iff€f€.i.!c.Sis   wfil`e   1-,g.1.fdted   t.ci   .   _

tbe   slow-twit;ch   fiber  c'.c:mpogitii-:.n   8J£.   skeleta,1  mt.isc:leg,

since   slow-twitch  I.ihers  have  aL  gi`ei.`qf er  .rL`lativL`

activity  ol`  the  heart  speci£'ic  isozymes  of  1€j,3tate

dehydrogenase   (6:      176-78).     Ivy  et  al   (1980)   sta.ted

that  wheri  tliere  was  a  gI.eater  pl.Jopo~Ttiofi  of  glow-i;wit,ch_

fibf3l.s  the  reffloval  of  lactate  frofl  the  b],oc.ui  greatl}r

a¢{3eleratedo   Particul,affly  during  a,.ctiTfe  reeovLsry

ex€!rcis.a   (27:     523-7).      Si`milar  cone,1usions  were  made

by  Bonen  et  al   (7:     160-62).

ges_ch  et  al.   (1978),  in  a  st-uldy  on  muscle  fatigue

and  its  relation  to  lactate  a,ccumu:lation  arid  lactate

dlatri`i}*rogerjas5e  activity  ir^  mark  concluded  the,i;  lactate  or

assoc`iate¢  pH  changes  pri.marily  in  fast-twitc`h  fiber_s

could  be  one  factor  responsible  for  impaired .musc].e

±`unc`cion   (38:      41L5`-20}.   .  Tesch   {19.t8)   found  -a  a.ignifi-

cant  relations!iip  between  lactic  acid  concentratio-ns

and  rjerformanc€  times   (r='.76),,     The  conc2.i2sioi'i  made

suggested.  tLia.t  i;he  high  abilit.y  to  form  la,.eta_te  may®

have  bee=i  One  contributing  i.actor  to  anae.rob-j`c

pei`formance  ca.pact,ity   (37:      :573-4)®

£.tu.a.i.es  Rel€`,ted.   t
i,,rc.'m  tH

a  IJact
e   Lytuscie--_ __ '-\1:+=1---

^Lte|ease

HCGrail  et,  al   (1978}   sugges-ted  that  the  qua.Titity

of  active  in.us3le  cont,rolletl  the  rate  of  lactate  remove.1
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in   ITian    {32:       89-.97).       BelcasijJ`T`o   :.-iricl   Tjort*ri    {:i9';`j:`)

trerified  t,h.is   stet-ement  in  a  stucly  w}iic:!i  fctund  t.ne

optimal  disappea.rance  of  blond  iact,a.i;e  wag.  sigriifica.ntly

fastei.  during  running  than  cycJ...3J^ttt;   (43     932-.36).

Simi,lap  conclusioris  wex'e  made:  by  2iermansen  and

Stensvold   (16:     191-20.1).

Jorfeldt  et  a].   (i978)   derrtonstra-i;led  t}`,a.i  la`^,.tate

release  by  the  muscle  was  impaired  at  his.h  \b'ork  lchacls,

whereas  this  did  iiot  occur  during  light  oI`  moderat€1

exei`cise.     It,  was  i;he.I.efore  suggested  thai;  a  simi].ar

relationship  might  exist  in  lactic  acid  uptedce  by  the
•Dlood   (2.53      350-52).     Hermansen  and  Vaage   (i977)   did

find  significant  i`esults  i./hic}i  ind.icated  i;hat  blood

laci;ate  was   im¥)air©d  during  high  wo=.k  loai`is   (173     Lfi:422r

E,4.29 ) .

SELies  RelalejLto  the
£££ZLQ±:fig=ES_Lirl  Lac tai¥  Remoirffi

LmE±nc-eof

Davies  et  al   (1970)   den.onstr.`ated  i.rL€®  impclrtarice

of  the  lj.ver  in  the  elimir.a.tion  of  lacta.t,e  during

exerc-ise   {9:     .i..5j-€,1).     1n  addition  A,a  the  lj.ver  the

s]tel€tal  muscles  a,nd  oi;hel`  erg,aTif  were  capable  of  re`~

moving   lactat,e   Cur.ir4g  '!i`.u,sc`Lii€].`z`  w`..I`ir   {16,    21,   24,    30}.

Ahlborg  et,  a.1   (1975)   ir.d3.eatef  t}`at  .the  r`estirt.g

muscle   exhibited.  coi'?s.i.d.erabitT3   Ti.St:abc`iic?   activity;

therefore ,   the   ''Fest.ing"   I.,iuse5.e3   cciuld  be   ff,i.`;?]ic3cing  an

act;i.`.e  recovery   (I.3      '718..?.3) ,   i3.nd   3ccord5.rig  to  Bonen
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ei:   al   (1978) ,    tine   "I..est,ing"   rii.usa,1£.   take:-S   ur.   {-j.

sigmific€l.nt  proportion  of  the  I.,a,ctic  acid  in  man

(73      160-62).

ifeudies  Relat,e,d.  i;a  9L5drg=F,3ci;ors   Af.f€ct-ro --.. ±> ------. i-_ I--|in£-*L=ic.ij;ait±
B±=±9±:±±±±±±LS±aE±£Sl±±L€;i±±bj?i--LE£CimLELr=ii

Hagberg  et  ai   (1980)   irid-if;a.ted  that  -the  most

ef.feetive  rate  a,i  lactat,a  removal.  occurred  .bet`ween  30-

70}i  of _the  individual°s  maximum  oxygen  upt;ake  depending

on  the  condition  of  the  individual  (13i    218-24).

Pi-evious  studies  have  made  similar  observatj.ons

(4,   6,   9,11,12.13,i/+,   40).

We].tman  et  al   (i97?)   s-3ated  the,t  the  optimal

level  of  act,ive  recoirery  in  terms  a.f.  metabo.lie  load

would  depend  upon  the  level  of  ecmd.itioning.  of  the.

individual   (409     786-93).     Simi.lap  observations  were

mc®.de  by  Tibes   et  al   (39:     127-40).

Wi].1iams  et  al   (1967.)   stated  that  the  optimal

le,vel  of  recovery  would  be  just  below  t.he  anaerobic
AjhresholiiL`     A  condit.ioti.ed  subje.3t  has  a  higher  thresh-

(j ld  `ralue  and.   a.!ioulcl  .i)e  a.apabie  oif`  acti.vely  recoverir.g

at,  a  r]igher  me±a,bolj.c  load.  before  rgachirng..an.aerobic

thres'no].a   (4yl:      18-2?.} ®

Kla..uisen  et  al   (19'72.).   in  a  st.jicly  on  the   ef.f'ects

of  pre-existing  i..igh  b.1.ood  lactate  concentrations  upon

maximal  exercis:e  pe.T..-formance,,   proFosed` tha+.  t,he

exiE3tene:e   of  hig!`a  I.1ccf^   laci.ie+t,9   Gt!}`csn.trffitiSns   Pz`ior
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t.a    6`}=ha..2Stpiv.e    ey.ercisr,.   di.I:1    r4i.jij    a.:'.,,:t.. C+c    `,jog   .Ii.€|..`{.       }¥a.+t`e``7.i3r

it   could   inhib.1.ut   fu.rt}if.3i.   la.c:tat€i   }jrr.`di`j.c`t.'i,c!n   ,i.n   the

exert.isi]ng  muscle,s   (29:     4'.15-19) a

Astrar],a  alld   RQrlah.3.   (19?7}   stated   that   one

hou.r  oi-  in.ore  was  n¢:tedecL   for  r.eco`-el`y  bef¢¥.e  rests.ng.

1actate  `ralLies  were  reached   (2:     .?13).     Ho'^'e`.er.

i.i'e].tman  et  al   (1977)   fourid  t,hat  {;.J3i±.idei~able  il.esl3

recovery  time  vt'F~,cl  necessary  to  o.btain.  i3iiti&l   exercig`e

performance  va«tues.     T}ie  dat-a  suggested  i;ria.i  while

active  recover.y  resu.1ted  in  iricrea,sed  lactate  removal,

other  factors  were  available  to  ailo.dr.  f®.r  subsequent

perforn],a.nee   (40i     786-93).

The  primary  purpose  of  the  study  was  to

investiga.te  the  e.ffects  of  recovery  techa.iques  upor.

blood  lactate  levels  followirig  supram,aximai  arm

e.t`goinetric  work.     The  related  literature  s`howed  tha,t

eigh.t  sttldies  I-ound  lactate  removal  could  be  enhanced

by  utilizing  an  active  recovery.
fE}ie  second  purpose  of  tile  stu.dy  was  to  investi-

gate  i;he  effects  of  blood  lactate  levels  up`3n  supra-
rr,aximal  arm  ergometric  work.     The  I.elated  lil;ei.attire

a.hawed  that  only  one  study  h.a(3.  looked.  at  the  effec.ts

of  blood  laci;a.te  levels  upon  subsequent  {fu+iaerobic

exercise.     Howe-v-er.   i;hirte`en  studies  stflted  that  other



f&ciGcirs   Were   involved   ti?   allQ`.j;   .{`o£`   =`L€..r>£.!eqi:e`n.t   perfcjrm-

ance .

The   Shir.d  purpog>e   of  tr;r;   study  was   ±o   invest.£.in

gate   t.he   efl.eats   o£`  recoi`7`€3ry   .6eG.hmiques   u,poll   su.bsli.ql.ue}.I.t

supramaximal  ana.e-.robic   arm  ergomf,5trie.  work®     The

related.  Iiteratu.re  showed  that  onlij-  one  study  had

irrvestigated  the  effects  of  reeover}r  i;ec.hnique,e;.  .utpon

subseciuent  anaer®bic  pe3r`formance.
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pRi`,cm`t7REs   .

Nj.ne   females  at  APL`al.achian  Sta.*e  U?}.iversity,

Boone,   Nort.n  Carolina.,   voli2Itteered  as   sij`-Dject=,  .I;a

complete  fc>ur  exL`@I`i,.mental  conditions  during  .t'ne  1981

Spr.i.ng  Semester.     Ii;acri  su-c.ject  completeii   two   i,e.sis  of

sup.±`as7!a.ximal  arm  er'gomeetric  wol.k  diirimg-  eacrL  experi-

me.n.Gal  eorjdj.tion  which  was  separated  by  One  of  four

recov'ei`?,r  pat,terms.     Blood  sam-pies  for  the  pu.rpose  of

determ.i.ming  ..Lactate  cor]centra,ti®ns  we±`e  i-,aken  four

tiziies  d-u'.Ting  eact.h  experiment,al  condition.     Hear`t  rs.ice

and  cumulative  pedal  revolmtions  were  recorded  in  ten

second  intervals  duriri.g  all  anael.obic  performances.

SLfa±£CL±i92±mfi£±±ki£±:£&

A  random  sampling  b`y  col.nputer  was  initially

used   to  select  su°Qje{:i,a.     Hc7wev.er  with  the  lack  of

nurfee'rs,   `4riine  females  ,.dt  Appaiar,hian  State  University

volunteer.ed  as  su``.ject:  ..t9  cciriipie'te  four  ex,perimentai

ct)nditi.ore.s,     A  consent;  fo.fin  was  signed  by  each  subject

.prior  to  t€2sting.      {,See  appendix  A).

14
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grfeuerfeiferi

All.   +ue.csting   procedures   were   car`E`::toll.d   out,  undep

3np,diGa„l   super.vision   in  the   I{umari  P@.3:.f:ormaFit.;e   rl€iborat,orgr

at  Appalachian  State  University.     Sul]5ect.s  w6.9re  asks.d

to  repo:ft,  to  the  Human  Performance  Laboratorij,'  in  loo.s€g4.

£'ifa-bing  clothing  an.d  running  Shoes   orI`l}i..      (Se,e   appendix
`8).     At   i;h.e  a.o."menc:etment  of  tile  firs`t   se,3sion8   data

c:haraeteriz.ing  subjects  were  recor.dedS   data  whicri--
a

included:     age,   heig!it,   weight,   and  predic.ted  Voa  m€ufo

(See   a.ppe,ndix  C) .

.Ejrfu2E2frn±

The  Monark  Arm  Ergometer`4"`  was  used  .&¢   obtain

desired  work  loads  a.jLring  anae.Tobic  exercise  and  during

the  `SI.ctive  r©covel`y  patterns.

nIftroriome

A  Frariz  metrorT.omef  was  .dsed  to  set  tile  correct

revoltii;.=Lons  per  mir;ut.e  during  the  ac-ttive  reeo-.7ery  patte=Trds.

I-TT     _   ___--         _    _-I-__           _      __-__  __

#                Monark  Arm  Ergomet.er  may  be  pi;.rchased  from
Quini:on,  Instriiments ,   2121  Terry.  Av.enue,   Seati;1e,
Washington     98121.

¢                rrietronome',   model  no.   IM-F3-4.   may  be  pul.chased
from  =*Tr€.`ir`az  Manu£.acturing  a.omparry,   Inc. ,   Pi-in+;erg   Iiane.
Sou.gh  Boulevard,   }.?e`.ay  Haven,   Cormecticut.     0€i519.
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s,.i;£;.p¥;€Lrfu]i

A  stopwatch.  was  used.  to  time  specifiic   ink.J`;.vals

of  wcl.k  and  rest  in  the  st.*d,y„

Cun`;iL!lai..-ive   Revoluti,ori   Recor5ei.
al±Ai.iLfrt:`:QELikc.b

lhe  He2`i;h  Se.f.``Jo   rtecordLer`.i:`   anc3.   the  niicros;itchf

i`ftypere   used   to   record   the   numbez`  of  revol.u.tirj!ii3   made

d`iring  i!iitial  and  subse.quent-,  a,!iaerobic  r,er.]13rmance.

E¥±ii±=L¥Li€=i[:c==-=-:-`±:_:i-:±±

fi.11  subjects  were  prepared  for  collecting,

blood  s'an}ples  by  two  qua..i.ified  nurses.

1.     A  surface  vein  on-the  anterior  side  of  t}`),e;

forearm  was  determined  as  the  most  suitable

site  for  collecting  blood  samples.
2.     The  vein.  was  sought  by  applying  a  tourni.quet

arou,nd  the  upper  arm.

A butterfly  clip was  inserted  into  the  vein
and  secured  to  the  forea"F

#                  Hep..th  Servc>  Recoi-der,   in,odel  no.   EUW-20A,   may  be
purchased  from  D8nton  Harbciui-,   Michiga.n.
/                  Mic`rr;s`./itch,   model   no.   BZ-?.R'itJ82-.A2,   may  be
purchased.  from  ,Brownell  Electro.   Inc..   51i}1  Be].have.a
..Blvd. ,   Charlotte,   N`J~jr.th  Carolina       28216.

F               Venir;uncture  Procedu.re  Kit,   model  no.   2687,   may
be  purchf„q,ed-from  ffi.bbot,t  Laboratciries,   N.   Chicago,
I11ii`,ois      5006£+.
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1,r. .All   blood   samples.   for.   e3.€'.ri   e7z:r7er.im€JrT.tal

condition  -.^'el-e  -takeri  b.v  iiiser.tion  of  a

s}fringe  into  i;ke  butterfl.y  a,lip,

Proc6rJure   fcjr:SL£.[_fit!i`p_rTa.in_:iat.ma=i:.
Anaer.olLiiiL±ifrsJ{:EipJfi

Prior  to  commencement  of  testing,   each  sut*jeci;
'vi'as   sea.bed  at   the   a].-in  er`g®meter,   an{1   adjustirieni:a  w€!r€,`

made  .tii  the  heig.ht  ¢f  the  seal;  anLi  d.istar.,ce  From  the

ez`gometer.     Subjects  vv'ei.e  ce)mec.ted   to  a  +,h.res-lead

electrocardiograFTi  for  rffionitorir].g~  n`ear+,  rate.

1.     Ep4eh  subject  -ecimpleted  ari  initial  one.-minu'te

all-out  anaerobic  .test  on  the  arm  ergome.ter

ai.;  a  resistance  of  i:wo  kil(jponds.

2.     At  tile  completiori  of  the  inii;ial  ex.eztcise

bout,  subjects  rested  for  a  fivei-minute
latent  period,  followed  by  one  of  four

recovery  patterns.

.?.     After  completiori  of  th.e  I.eci3very  period,   the

sttbjects  u.nderwent  a  stibsequent  all-out

anaer®t>i.c  tee.t.  at  g.  resistance  of  tvv'o  kilo-

ponds .

&r.Ocedures  for  pa.`ssjrstwhae  ActivL£
ELeLfro_vfrjr_P±±±±a±:ns

Upon  completion  of  each  initial  bout  of  supra,-

mc?ximfal  exerct,ise,   each  snb`iect  wa.s  involved  in  one  of
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the  following.  recovery  patJcer!is 3

B¥P£!::ir!i±n±.a.1  a.Qjifei:£nL±1j2i&:     Actiqt'e  R.ecovei^y  ~
'i`he   snbject  |jedaled  ari  arm  ergom.eteTL'`  at   Z5

revolutions  per  mirl.ute,  -`'Ji.bh   .5  kiloponds

resistanc,e  for  ten  mini.lies.

ELXJP&=drnLfalLfanj&±i±±oELEte¥p. :     Act.iLv6  fiecovery.a

The  subject  peda.led  an  arnl  e£.gometer  at,  25

revolutions  per  minute  ``/ii;h  .5  kiloponds

resistance  for  five  minui;es.

3E!SE£=imLS±ala±£±E§iiiLg±±E!±3=s±:     Fags ive  Rec®very-

The  subject  sa.i  quietly  at  t!n*e  arm  ergometer

for.  ten  mir.utes.

E±Sn£Eimfn±S±.££ztditign E±±±±:8     Passive  Recovery-

The  subject  sat  quietly  at  the  artl:  ergometer

for  five  minutes.

&r_ofuejdure£gi£LOL±|eL£±ingLE19LOLfltsfrmLplls£

One  milliliter  of  blood  was  drarun..  fri`m  a  sur.±'ace

vein  on  the  anter'ior  side  of  i;he  if`or.ea.nn  fotzr  tim.es

during  each  expel.imer,ta.i  condition  undergone  by  trie

subject.

i.     the  blood  samples  were  drawn  at  the  follow-

ing  intervals 3

(a}    prior  to  the  init.ial  exem`ise  bout;

(b)    five  minui[es  follow.ing  the  i:titial
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e:{€`rcise   tioiLtti. ;

(e)      immedi,citely   after   -i:h(3   .y.{3$3ov`eny   pe.ric`ds

(a)     five  minutes  followirig  i;h{?  subsequent

exercise   b.ciLidj.

2.     Each  bi.o®d  .cjample  `iffa,a   i"aediatei.#  added  t,a

a  test  ttibe  containing  t``/o  milliliters  of

seven  cpercer+a  pert`,h3.oi..ic  acid  a,nd  shaker?.

vigorously  for.  30  seconds.i*

Samples  were  kept  in  ice  for  approximate,1y

i;wo  hours  before  being  assayed  for.  .1aei`;ic

acid .

.¥iQcedure.£g|Egfp_rj|l|jag,LH.eartRat:£g

Heart  rat;e  ..feaclj.:n.gs  .w-ei.a  Pee.or.ded  as  a,  precau-

tionaz`y  measure  every  ten  seconcl.s  d.jring  t,he  i».itial

and  subsequent  maximal  anaerobic  performances.     Subjects

wei`e  prepared  for  electrocar.diogram?£  reading.s  iri  the

follows.ng  marmer:

Subject;  shc"1d  be  rested  in  a  supine  position

prior.  to  preL`ara.tion  for  elect.rocl,e  plaa.ement.
The  fifth  or  sir.th  rib  on bot'n  sides  of  t,he
chest  we-re  marked,   as  was  the  sternum.

4&                 Superni.ixer,   catalogtie  no.   i290,   rna.y  be  purchailed
from  Lab-Ill.ne   I.ri.3t.:fuments,   Ir!c. ,   i`ileli-®se  :Jar'k,   Illinois
60|cr'1.

/.               E`1eetroca,rdiogram,   mode:l  no.   EK4,   may  be  ..out.chased
fi-om  a.t.il'dick  Corporation,   Milton„   Wisconsin     53563.
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3.      'l`!ie   .Suri`aee   art?a  v,-as   t.1€-antT!`i   ir4   a   cj.i.onlal.

motj.Gn  .../ith   cotton   ``€/ocJ1    {di.id   :-t€idu}:   .pa,ate.    tGo

}..emi`;v.e   the   I.il`sti   a.`Jttf3tit€meous   la:Per   o±`   skin.

A  cleane\il   1€..ad   t=,.ie.3i.:rode   waLg,   attached   witin.    .

an   €idhesj,ve   F`g.t,ei:   lo   t,he   r`rc.i}&f€j{3.   sui`i.ace`

area®

Once   electrofJ`es  \`Jere   plaJ3€ici   on   skin,   a  preou

armplifier  t/a.I.s  att,aclled  to  the  su.bject's

back®

All  electriide  cor`.nections  were  brought  over

subject's  shoulders  after  having  been

attached  to  either  the  sternum  or  rib  cage.
Excess  wii.e  connection.a  were  secured  to  the

body  using  adhesive  tape.

An  ela.stic  bandage  was  wrapped  around  the

subject.a  torso  to  secure  p.reamplifier  and.

wires,

The  preamplifier  was  then  connected  to  trie

electrocardiogi.am.

£rL2£££±±±±££=±!:±£2e=±±:±=nLg=CuTii-ulatiEzs
PeL=-dal  I{evolutior]„9

Cumulative  pedal  revolutions  were  recoi.ded  on

chanted  paper  ev.Cry  ten  seconds  durj.p.g  the  initial  and

subseq.uent  maximal  anaerobic  performances.     (See  appendix

D}.     +Revolutions  were  fionitored  'by  a  nicroswj.tch

activated  L`,y  each  pedal  revolution.   sut)see.uently
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r.ecQr.ded   on  a  revolution  counter  a.t;i,acbet.i   to   a.

T[}Jmo gra ph .

EifecLffruL±±fr`£:£LrL.i.A{±£ijasfi±:ill.fl-.oL£:±±1
ife=LrfujrfulL&vji9j±

The  samples  w'ere   chilled   f'o'.r  a`pproxi`mately   two

ho`irs,   the.n  p.1La.ced   ir}  a   safety  cent.£`ifuge   equipped

with  a  sensimicrohead   (for  i.?  :€   loo  mm  ct;est,   tu.beg).   and

centril-used  e.t  1000  revolu.tions  per  minui;e  f¢i.  t,en

minu.tes.#    A   .2  milliliter  of  clear  supr=i`nai:ant  was

added  to  2®8  milliliters  of  erizyme  solutiona     The  super.-

nata.nt  was  assa:jed  for  lactic  a.cid.  using  the  conmercia.I.

kit  described  in  Sigma  Bulletin  No.   826-W,U./d'    The

superriatent  .ulJas  incubated  at  room  temper.a.ture  for  one

hour  to  a.1low   ±`or  eri.%y]ne   ac.ti.vit}r®     S`anples  were  placed

in  a  spectophot€DrlieterF, and  a'Dsoi`.bance:  value.a  were  read

at,  the  A3£ro  level.     Readings  were  computed  by  corliparing

the  absor.bance  `Jalues  with  va.lugs  for  standard  lactic

a.cid  solutions  utilizing.  i;he  normal  curve,   aLt}d  recol`ded

in  milligrams  percer`.t.      (See  appendix  F).

`#                  A   F:lesc*her  Safety  Cert.i;-rif`j.ge.   model  nod   IEC,   may
be   pus.chast€d   from  Interna`tional  £;quipment  Co. .   Heeclham
Height;s,   Maryland.     0219/+.

7£                PLefer  t,o  Appendix  a  fc>r  preparation  o±'  test.ing
soluti.ons .

Spectophotometer.,   mcde].  no.   Spectronic   2i,   may-.
g'e   pure.na£3ed   fl`orn  Ba,usch  and   I,omb  Ar}al`yti,Gal   S}'steITts
I)ivision,    h`.oche.si;er`,   It-ev!.  York      14.625.
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A.H.allLSJi=: o.f'   i,€,-i,cr'`

A:fter.  Preliminary  invesi;i;g'd+h.3.a.a   th€~   i-;r.i,girial

lincap  statistical  model  was  f ound  t[o  be  ina,p:pi`opria.te

for  the  dai;a  coilec-I-ed,   due   to   't}ie  `tfithin  `ra].`iance  o±-

tb.e   subjects S   thus   a,n  a..ILi;c=..'rnaitive  met}iod.  utilizing

scatter  plo-b  £:raphs  was  L{f>ed.      The  an.,riiysis  .of  mean

vali2es   for  blooli  l&ci,;3.tje  coricentl`a-kio}is  dtj.Fir?.g  four

e3r.pea.imental  eondit.ions  was  ill`,?stfated  throug}i  the

u.se  of  scatter.  plot  graphs  to  com.parfe3     experimental

conditioris  one  and  i;hree;   er.perimental  conditions  two

and   four`i   experimen-tal  conditior}.s  one  and  twct,   and

experimental  cond.itions  three  and  fo.dr.

ff he  anaiyE5is  of  mean.  va].ues  for  cumu].ative  pedal

revc`1-dtions  a.ilring  four  expe.I.imentai  col.iditions  Was

iilustra.ted  t!ii`ough  the  use  of  sea,ttei`  plo`c  graphs

to  compare:     iniot:iai  and  subsequent  mean  i`erformance

scores  during  experimental  condition  one3   i.nitial  and

subsequent  meg.n  pe.i^formance  scor`es  dur`ing  exp4jrimen.tal

conditi{m  twos   init;ial  .and  subsequent  mean  per.f.ormance

scores  d`jir:.Lr,g  experimf..n.ta].  condj.t5.or{  i.hree ,   a,nct  in3.tiai

ar^cl  subsequent:  n`iean  performance  scores  during

e..¥.perimental  cQndit.ion  ftj`A.r.



CHAPTER   IV

PRF;sENTAIilo.N   Arco   ANAli.¥Sls   oF  D,faiiA

The  purpose  ®f  the  si;udy  vJas   to  inv.estj.gate  .#he

effect:s  of  recoversp  pattei`ns  upon  blood  lactate  cor`.cerico

trations  followirtg.  stfpramaximal  rna.ero.bic  a.rm  ergo-

metr.ic  work.     A  sect.nd  purpose  vl.as  to  i".estigate  the

e.ffeei:s  of  b].ood  laci:ate  concentratiolts  u.pan  subsequent

supr.arriaxima].  a.naerobic  arm  engome.i;ric  work...     A  third

purpose  of  the  study  was  to  investigate  th`.3  effects  of  -
I.eccvery  pati;erns  upon  subsequerit  supramax.`i.mal  anaerobic

arm   ergc`,3netri+c  work.

Nine  females  at  APpalachia-A  State  Universit}r7

volunteered  a.s  subjects  to  complete  four  e.v.perimenta.1

conditio!is.     Each  sub`iec.t  completed  .two  +.ests   of   ,

supramaxiRT.al  a.rm  a.rgometric  work`  during  each  experimental

condition,   §e.parated  .by  one  of  four  i.ecov'ei`y  patterns.

Blood  samp.i.es  foi.  the  purpose  of  determini}ig  lactat.e

concentFa`tions  were  taken  four  times  dui»ing.  eacri

experinient;a.1  conditiori.     }[eart  rate  a}`d  cumulative

peda,1  i-evolutions  were  recorded  by  ten  second.  interva`ls
during  iill  an€>`ero.bic   pe3rformances.
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An   Arts. 1\rs is   of.   .f`.1cod   La`ctat..3
|s   I.,u.f i- el.imen.tai
i.tior`is    One   a+I-!d    Thr€...e

In   com|.jari:{i,?   `(!l{9t`ics;.   :iactate   levels   ¢.1uI..ing   exper:i.-

mental  conditiog`  one   (a  ten-min'`]te  active   re..`.c'`w3.i`y

patt€iln}   iind.   expel.imenta.i  :3t.)ndii`::.Lou  i;r,res   (f.t.  ten-mir-lute

Pa.Ssive  recovery  pal;tern)   it  t'i.as  Observed  that  Prior
to  exercise,   lacta.te  level.a  wei.e  1]`.49  milii5ra.in  percent

a.I:icl   1!+.08  milligram  perceiii;  r€:`s|!eci;ivel`;¢7`      Aft,;er  the

ir,itial  exercise  bout,  blood  lacta.I;e  levels  rose  to

92..09  milligram  percent  fo}`  subject±`3  per:forming  experi-

REentaJ.  cond.ition  one,   and  f?7.33  milligram  percent  ft.`r

sub.Sects   peFfQrming.   experimental.   co-I.td3.tion   .i.`'nre;'e ,..

Foilf.wing  the  recovery  period,  bii)od  lactate  I.e`Jels

drt?pped  to  65.04  milligram  percent  for  sub3ects  peF-

fo;yning  experimental  condition  one,   and  `55.86  milligram

perc.ent  for  subjects  performing  experimental  condition    -
thi-ee.     After  the  subsequent  exercise  bout;,  blood  lacia.te

levels  1.ose  t,a  97.12  milligram  pex.cent  for  sulojects

per±`orming  experimenta3.  cond.ii:ion  one,   anri  127.48

milligram  percent  f{3r.  strit,iects  per.formir.g  a.xperi:!iental

con.5ition  three.     It  was  observe`i  that  an  ir,teraction

occurre.d`  betwt?e..1  the  two  experiments.1  cor}dit,io!is ,   after

the   sLibseq.ueni;  a?`Lael`obic   exercise  bout,   a,s  can  be   Seep.

in  ,Ficqure  1.
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In  compa.ting  b.1.o®d  li\ctat:a  .i.evels  during  experi.-

mental.  cond.iti`3n  twrj   {a  I.ive~.T!inui;e  acts.ve  recovel`ui'

pattern)   an.d  ex``p€3r!ir!iental  condition  fi.-jur   (a  five-mim`uiBe.

passive  recovery  pati;ern} ,   iJG  was  obsel.ved  ft,tiat  i)rior

to  exercise,   lacta.te  levgJ.s  were  8.91  iTI.ilii3Lgram  percent

and   9.66  mi.Iiigram  .per¢.ent  resy?ectti.i.veiy.     After.  the

inii:ial  exerG'ise  bout,  blood  iactate  ie`.els  ..pose  to

98.49  milligram  'percent  for  subjects  per±`o.Fining  ©xperi~

ifeental  condition  two.  and  101.04  milligrarr,  percent  for

sL3.bjects  perfor'niing.  expez.i`mental  condition  .i.our.

.Foil`o\.,r..ing  the  r`ec,o|`rery  period,   blocs  lactate  levels

r.`1se  I.a  99.2.1.  millig.ram  perceni;  1-or  subjeci'.a  per±`orming

experimental  i-,onrJit.ion  two,   and  dropped  to  9().£!.0

nil,.1igram  percei.it  for  subject.s  performirig  ex.perimerital

c¢ridj..tion  foul...     After  the  stlbsea.uent  exercise  bo`it,

blood  lactate  levels  rose  to  Ilo.79  milligram  percen`c

.t'or  subjects  performing  experim€.ntal  condition  i;wog   and

138.OS  milli¥irairj  percer].i  ±.oi-sub3ects  pe.i.forming  experi-

ment.>=,i  condit`ion  .four.     ,fin  observed  interaction  occurred

bei;vi.eon  t}`ie   t\vo   a,.x.perim@nt.a:i,   condi.ti.a,Tis   a±.ter  the

recovertr  peri.`i:i `    . An  even  I,a-nger  interaciT..i.i`n  ccciirred

a.ftel'  t`Jie   i-..'uittsequer]t  aha.ercit:`ic   exei-cise  bout„   as   cart

be   si:il:e}I   1.».   Fj.gur€.   2.
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Fig.    2.        |`he   }i.i7il39ii   \i`a-lug;s    i.`o}.... ;L.',:lo{`j.:1,   :I+T~ct,,?..t€;    (;rnceri,ti.at`it:,I.is
D`.,`i^i!.!€`   Ex|)er.i.r7!t;`rital    i:`:tifidi+;ions.3    I^;d;{:.    and,    ?f`ou.+i.

a    C>    a   a    a`+      tr`    CV    rl     a1    ,i    rl   rl    rl

I
a   c>    a   a   o   c>    a   c   a    a
0`    CO     1\    \0     t,i    a.     (\'\    (\j     ri

(a4   Sun)    STgt*ST   e&1:?'+a-g`|   P00T&



2f?<,

A±L_A!,LriLfa'L£:i.j5_.uf_`Ti]LQido~±a`.f:.i;£i±£•i.eve].s   ilurin£;   =L`xi3€!ri!',.}t?`rjti+i.i

££ELf|,]i5±arLL±.Jke_±ni`v:I:±±lg

In  comparing  blooci  lactat€.  levels  d.urj,ng  experi-

ment,a.i.  C¢rLdition  one   (a  ten-minu.Le  act,ive  recove_ry

Pat.tern)   and   ex,perimental  Corid.`i.tiori  twc`   (a   fi`..re-}rAinut,a

active  recover-.}f  pati:ern) ,   it  Wa,S  a.osei`+-ed  t`nat  firior

i;o  exercise,   la.ct,ate  levels  were  I.1.49  milligr.&m  pel'ce'nt

and  8.91  mills.gI.am  per.c`ent  :res.pi3ctilrely.     A-i-.tei.  the

initial  exercise  bout,  `blcod  lacl;a..te  levels  ?..'f}se  to

92.09'  milli£;r`am  Per`^,ent  f€jr  s.ul-ejects  perf'o.rmirig  experi-

m.entaJ`  condition  one,   and  98.i'..S}  mi.11igi`am  perceni;  for

sub5ects  performing  experimenta:I.  coridition  qtwo.     F.o.1.low-

ing  t,he  recovery  period,  blood  iactate  lev-els  dropped

to   65.0/+.  in.illigram  per.cer`„t   for   Su.[]5ects   I.ieE`fc`r`mimg

experimental,  cop.dition  one.   and  i.ose  to  99.21  milligram

pe.t`cent  for  subjects  perfc.r.ming  experi!!ierital  condition
two.     After  t.ne  subsequent  exercise  bout,  blood  .1actai;a

levels  rose  to  97.12  milligram  percent  f`or  subjec,ti;a

per±.ormir!g  experimental  condition  one ,   and  110.79

milligram  percent  I-o'.`  subjects  perl-arming  experimental

cop.dition  two.     A  1£1rg@  interac;.t,ion  occurred  bet,ween

t.ne  two  experimerit„al  condii;.ioris  after  t,he  reciDve`ry

period.     A  smaller  interaction  oc.ctirred  after  i.he
subsequent  anaerobic  exercise  bout9   as  can  be  a:een  in

Figure  3.
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In  eoiBp::I,ring  blood   laci;ate   levc.ls   ci'ii,r`ing   €?xperi..

.men.tal   co.t`,di.bion   -three   (a   ten-nil-itjii;e   pa£`.si\Te   ref;c.ver:`;`  .

pa..ttern)   arid   e.xperimental  c}oni.iition  four   (   a  five.»

minut,e  pa,ssive  re,crjvery  pattern) 9   it  was  observ-ed  that

prior  i,a  exercise,   I,aetate  levels  were  14.08  r,iilligram

percent  and  9o66  mi].I..igram  pei.cer}t  respective..i`j..     A±`ter

the  .i`riitial  exercise  bout,  blood.  Iactate  levels  rose

to  '/'7.33  rriilligram  percent  for  stlbjects  per.€'®i®m3,ng

experime,ntal  condition  three,   and  101.0&+  milligr.am

percer`^t,  for  sub.jects  performing  experimerital  condition.
fou.r.     Following  the  recovery  period,  blood  I.actate

ie`-els  d,Popped  i;a  55..86  miiligran  perL`ent,  for  subjeci:a

perform.ing  experiniental  condition  three,   arid.  90®40

milligram  per.cent  for  subjects  performing,  expel-imental

condition  four`.     Aftei'  `6he  subsequent,  exeLf.cise  `oout,

blood  la,ci;a.te  levels  rose  tc  1£7.48  millS.gram  percsnt

for  subjects  performing  expe.riment;al  conditif.tn  three.

and.138.08  miiligr`am  per'cerit  for  subjec`ts  performing

experimental  condition  four.     It  could  be  seen  that,

inters.ctions  ocet;.fred  between  the  two  experimental

conditions,   a.fter  the  initial  anfLerobic  exe.fcise  boo.i,

and  I.Sllowirig  the  I;ecovery  I.ieriod,   as  c..an  be  seen  i.n

Figure  4.
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In  analyzing  cumtilative  pedal  revo].utions   (CPR}

for   expez®imentaJ.  cop.dition  one.   a   terT.->mi`}.Lute   active

recovery  patter.'n,   i.t  v.ras   observecl   ..g}`t€L`b   €it   I,en  sect)ri.ds

of  exercise   t`he  mean  perfcirmance   sc`,or~e£1.  were   27,33  CI'`R

during  the  initial  exercise  bout.e   and  27.0  CPP.  during

the  subsequent  bout.     At  20  see.ends  o`f  exercise,   the

mear`.  performance   scores  were  49®/..I,3  CPR  d`n.i.ng  the

initial  bout,   and  50.5?  C`PP.  duri,ng  i;he  subsequent  bout.

Jilt   3Cl   seconds   of   elf,€.,~rcise,   the   me`g{,:rL  per.f®?~.-mance   sr;fjres

were   67.86  CPR  duririg'  i;+ie   initial.  boij.t.   and`  70.43  CPR

d`iring  the  s`ut`.sT.equent  bout.     At  40  second,s   of  exerciseo

the  mean  performance  scores  were   83.0  CPFt  di2ring  the

initial  bou.t,   a.rid  87.57  CPR  during  tile  subsequent  bout.

At  .go  seconds  of  exercise.,   the  mean  perl.ormartce  scar.es

were   96.28  CPR  d,tirin.g   the   .`.nitia].  bo.Jib,   and   10?..58  CP.R

during  +.he   subser£Li'J`ri+,  brju`t,.     A.5   60  seconds;   of  exei`cise,

t.I.te   mcar2   Tjerf..)I.\ma.nee,   scar.es   I,£Jere   io8.()   CPR   d`.t.ririg   t`he

initicl.1  bout,   and.115.86  a.PR  du.i:'irig  the  subsequent

bout:,     It  was  observed  that  ir}i;era.i`tioris  occurred  at

40,   50,   art.a   60  secor},ds  during  exercise  iri  experimental

co3`.dii;ion  one,   as   i?a;^&  be.   seer,  in  Figure   3.
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I.n  a.,narlyzing  cumu].ative  pedal  r'evolut,ior),s  £.or

exper.imenta.I.  cc`ndition  t-`fv{j,   a   `f.£`.ve-miriui:a   active

recovery  pat.t^el.ri,   it  .was  ob'..Served   th:|t,  at   -'cer]  seconds

of  e3cerc3.se   t}`.e  meg.n  performance   scores  were   28.8.tf,  CPR

6`irir+g  `jhe   ill.it.ial  bout,   a.I-id   2j!,6'7l  C:PR  dur`jLrlg  the

subsequent  bout.     At  20  seconds  t.`I.'  exercise,,   -the  mean

performance  scores  were  A+7.71  CPR  dLiring  the  i.nitia].

bout,   and   46.6.3  f,PP.  duririg   tr,e   Su`r>.;.je€iiier?.i  boi.i`i;.      At

30  seconds  of  exercise.   the  mean  rjerformance  scores

were  65.7i  CPR  c]uring  the  initial  bout,   and  65.0  CPR

during  the  subsequent  bout®     At  4,0  gieeonds  of  exercise,

the  mean  performance  sc,ores  were  8i.i'J.i  CFP.  duririg  the

initia.I.  bout,   and  80.86  CPR  during.  t.ne  subsequent

bont.     A.t  50  see.onds  of  exercise,   the  mean  performance

scor;a  were  93.4i3  CPR  during  the  initial  bout,   and  95.C`

CPR  during`  the  subsequent  bout.     At  60  secor}.ds  of

exercise,   the  aeean  performance  scores  were  108.14  CPR

duI`i]`!g  the  initial  bout,   and  107.86  CPR  d`u.ririg  the

subsequer!.i  .botit.     It,  appeared  that,  no  interactions

occu.i'...r.ed  durin`g  exercise   in  expel-imental  condition  twci,

as  ca?1  be  seer.  in  Figure  6.
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In  iinalyzing,  cumulative  p€,Ida,I.  revolui:ions  for

experiment@`l  a.ondition  t,h.r`ee,   a.  tei-imminut,e  past,sive

reeovei-y  pa..I.,tern,   it  was   obser-ved   'that  8.i   10    secor}ds

c!f  exercise   the  mean  pel`for`mance   sccres  were.  30.71  CPR

dtJiring  the  initia,I.  bout,   and  :31.1!1  CPR  duri'ng  i;he

subseq.uent  bout.     At  20  seconds  {):£'  exercise,   the  mean

performance  scores  were   5dy®7l  CPR  duririg.  thEj   init,ia].

bout,   and   56.0  CPR  diiring  the  subsequent.  botit.     At  `30

seconds  of  exer`cise.   tile  mean  performani`.e  scores  were

75.5?  CPR  during  the  initi€il  boui;,   ancl  ','6.4.3  CPP`  du.ririg

i-he  i.subseqLi.eni;  bout.     Ai;  40  seconds  9f  e:{ercise,   the

in,e.an  performance  scores  were  94.0  CPR  dugring  t,b.e  initia3.

bout,   and  95.I.5  CPB  du.ring  the  subsequent  bout.     At

50  seconds  of  e`xerci?,e,   i;he  mean  pe.rformance  sc``ores

wer:e  I.io.29  CPR  during  the  i.nitial  bout,   and  liz.29  CPR

dtlring  the  subsequent  bout.     At  60  secon(.is  of  exercise,
•the  in.ean  performarT.ce   scores  vi.ere  12J?i.4i3  CPR  during  the

i.nitial  bout,   and   12'7.42  CPR  duri.ng  the  sub`sequent

bout.     A..  sma3„1  in.6eract:ion  occurred  at  60  secon.ds   of

exercise  during.  ex-.pgrimental  conditior]  three,   as  can

be  seen  in  .Fig-ure  7.
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Art 4n:Li,i.v_?±£LO_ti:i:r!,.i_i;_i.Ei]I-    ,f:,rid
s±±±se.tiu:uiiril:__±:E:-:=fj'ji=iii`=:n±;:a
S a o r. €! s   r,` u -L`.i.*| ft= I-i`,HJ,£rj=`L?.±±:±i€P±
QLc2:`.i(.3itLifrTL^l.Qij-Ti=

In  a.r.a.iyzi.ng  cumulative  pedal  revo.-Lutior!«J  for.'

experimental  cond.i.tion  .fou.r,   a  five-n-Iinute  passive

recovery  pat.tei`n,   it  wa.s  observed  t'riat,  at  10  seconds

o±`   exe:+."cise   the  in.earl.  performance   scores  were   26.57  CPR

du.f3.ng  the  inii;ia:L  bout,   and  29.,?8  CPR  dul`ing  t.he

subsequent  bout.     At  20  seconds  of  ex.ercise,   the  mean

perforFT.ance   scar.es  wel`e   :Ct..5?  CPR  d`€.ring  thg   3.nitial

bout,   a.ncJ  53.57  r,PR  during  the  subsequenJ,I:  bout;.     At

30  secort.ds  o±`  exercise,   the  :!`iean  performance  scores

were  71.43  CPR  during  the  initial  bout,   and  74.43  CPFt

during  the  subsequent  bou±.     A.i,  40  sec{}nds  of  exel.cise.

the   mean  per£'o].-I.!ian(je   scor`es  werei   .j7`q,5?  CPR  dui.ing   ti.ie

iniSiai  bout,   and  92.43  CPR  duririg  the  subsequent  bout.

At  .60  seconds  of  exercise,   the  mean  performance  scores

wer.e   106.1/+  C.PP`  during   'bhe   inii:ial  bout,,   and  108.29  CPR

du.ring  the  su'bsequent  bout.     4.i  60  se.cof!ds  of  exercise,

the  ff.Can  pez`formance  scores  were  i.20.86  CPR  during  the

init,ial  bout,,   a.nd  122.?I.  CPR  dtiring.  th.e  subsequent  bout.

An  observed   in`'jeraction  oc,curred  at  40  seconds  of

exe]?cise  during  experimental  cond.itiQn  four,   as  can  -be

seen  in  Figure  8.
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Fig.    Ci.       'j]ihe   l`l€ia.n    +rat.ijets   ]'`o1+   ``~J"i}.iilatj.`.a   Pet.ial
RevolutiQr.is  D`J.ring  j}:{pei`iiEer;.tal  Condition
I-lou.r
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FIE.,illl`i`;c.!S ,   i)IScuSSIor\i.    Aiun
hat.Ef.I(..!i',I:,fill.,.{``T)AT|t3|yys

rhe  purpose  ol'  i,he  stuiiLF  was  i,o  i7ivestigate  the

r..ffaih.i;`s   a.t`  i`ecove.ry  pati;ei`ris  upf!#  bloocl   I.`a.i`tate   c.o!icer].-

ti`ai;icjnss   .i.`o].1cS\`,Tin{£.{   s!.}.pr?AtT]axima,1   anaei`obic   ai-in   ergometr.i.C

work.      A,   secc`nd   pu?..}``?se  wa.s   to   inves`t.i.a.€i..'ue   i;}ie   ef±-ects

of  b].Cod  lact€j.te  c®r!Gentr`at.ioris  up`m  s\.trjscq.i^ient  su.pra-

maxiFT,al  ana.tsrfj`bic  arm  ergr.metric  ti'fjrk.     A  third  pur`pose

of  the  study  wt?.s  to  inv.es+.-igate  th.e  e±-fects  oir  recovery

pa.ti:.e-i:`";   iipon   sl`i..i7sen]~ij.ent   Supri3.`=aa`^Timal   a.rla`t+,I..f)i)i®   ar2ri

el`&.ometric`,  work.

Nine   fema`'Le`:`  ai;   Ap`pala.chi:an  State  TJn.iver'sii}.

volun...i;eel.`r3d  as   sub`iscts  to  complete  fol`lr  ex.perimentaJ.

conLr2i..i-.if.`jns.       i..ac`-r.   sub5eci;   \?ompleted   i;Wo   i¢e!s.i;S   ()I.`

stiprii.maxirml  a,rm  ergometric  woi`k  dur.ing  ea{3h  experi-

m.ent-a:i  condii;3,o2?.,   .s;f.>.=oaratetJ   by  one   of  fou.r.   recovery

pati,ez.ns®     `dl©oc3   samples   i-o¥  th,e  purpose   S..;t..  determining

lac.tjai;e   ¢cjn``je.ri+;I:'.ai;.i.orj,s   'o\Jere   taTEen.   f®u..r  times   dl2,ring.

eact},   iixp€£ri`menta'i  €.o.f`.dit:ion.     H€Tart   rate   and   C`,umulative
•pedal   revolui;.i.on:`  ',eyei~e   r'e`ior{-led  .1js-   <jeri-second   ini;ervals

d``iring   all   a.f;.ael.i~!`aic   ¥.91..I-omia.ri^€Jes.

.£na.1,.ysis   cif   ate;I.``i   i,a,lij.gs   .I.`or   b.i.oc7d    ]LacT.iiate

£or.`ee}1tra?`.t.i,c}ris    ,r±flil   c ,... i}ftul.a+ti,,i.a    :)±d,a+  .   ¥`ii'¥.o`l,I.... i:io.r:i.a    lt'£.re

i,CJ
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illustrated   .'t:hroi;.g;ii   i:}ie   tis:e   o`f   sc.at.te...   pli~r:;  g+.faphs.

|iLrfe.,fT..s_

The  fi,ndings  in  the  si;*dy  'yerti  as  .follows:

In  comparing  blood  la.ctate   `.I.eveis  cluI.ing  e¥.perimen.i;al

cc>nd:.Ltion  {.ne   {a   .t€-;`r^`.-minute   active   I.(*c.a¥$3.ry  pattei.'.'n)

and  experimenta.I  coridition  three   (a  .tje}`i-£i!ir`.ut,a

Passive  recover.y  Pattern) ,   it  ifi/as  obser?,red  that

p:r`io±.  to  exercise,   lactate  levels  were  11®/I.9

mj.1iigi-a,in  percent  and  14.08  milligram  percent

respectively4     Aft,er  the  ini`eial  exercise  bout,

blood  lacta.te  levels  i`ose  to  92.09  milligram  percent

for  subjects  performing  experimental  conditiofl.  one,

aLnd  ?r/. 3j  in.i.ILIf~gram  percent  I.or  sub.jects  perfol`rili.rig

experimental  condition  three.    Following  the  recover}.

period,   blood  lactai;e  levels  dropped  tci  65.edy '

milligi.am  percent  for  sub.iects  performir3.g  ey.:pe%`'i.-

mental  condition  one,   and  5.5.86  milligram  percent

for  ,sub,iects  performing  experimenta,i  cor4dii;ion  three.

After  i;he  subsequerit  exercise  bout,  blood  lactate

].€vels  I`ose  to  97.1£  giv`il3..igi`am  percent  for  sub5ect.s

performing  exp-srim,enta.1  condition  one,   and  127.48

milligi®am  pet.Li3ent  i-cir  s`jLb5ects   perform.i.ng.  experi.~

merital  conditio`n  three.

Ir.  c®mpari:n,g  blood  lactate  levels  du.i`ir!£.  experiment,al

concl.it.i.on  two   (a  five-minute  active  I.ecoi/gry  pa.ttern)
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and   experimeTital   coridi+:ior...   f`ouin   {a   I`j`ve_Iriinu.i;J.a

passive   recover.:`/  pattern) ,   it  ey\tas   ob,i.,.`£i-ved   t,hat

prior  tc  exercisep   lactate  I,evels  i.Jere  €L9l  milligr'€un

percer,t  and   9.66  mi='.I..i.gra,Iri.  percent  res.,pe,ctively.

A±`ter  th€3  i.nitj.al  exercif3€  bo'Jit,   b],Cod  lactate

levels  r`ose  to  98®49  miJ.i.igram  percent  1-or  suT3`jects

Per±`o¥`m.ing  ex.perime±ital  conditio}-i   twoS   and   10i.04

milligram  percent,  1`or  Lsub5ects  perfo2:`w}ir..,.=  ®xperi-

mental  condition  four'.     Folio-`..J.ing  the  rl't"!Coverv

period,   blQi.fj   J.acta.tc  levi`ls  rSose   to  ';}9.2J,  nil.-Ligrani

p3rceni}  for  subject,s  per''I-ormin£/,.  e:t{pel.imental

ccmiiition  two,   and  a.ro.ijped  to  90.40  milligram

Percent . fol`  s7.ib5ects  -pei.foi-mi!,ig  exper:.Lmenta.i  corid-i.v

i,iori  fou.r®     Aft;er  the   subsea.-iiei`it   e2f©Fcise  t7ou-t.`

blood  la.ctat.e  level.q  rose  *0110...;''9  in-i,ilif{ram

percent;  for  subjects  perform,ing  expel.imental
co-j?.dition  two.   and  138008  milligram  percent  for.

sut].ieets  per for.mling  experimental  cond.i.fyion  foul`.I

3.     In.  compa.ring  blood  lacta-t;e  levels  dur`ing  experim.er.`.ta.I.

conditio`..1  one   (a  ten-minute  active  recovery  pa.btem)

ar!t]   expt.±L.j.in.e}ite+1  condition  two   (a.  five-min'itte  active

recovery  pattei`r!),   it  was  observed  thfit  prior  .t:o

exercise,   la.ctai;e  levels  were  11.49  Hlilligram  rier.-

cent  and  8.91  milligram  percent  respecti.``.ely.     After.

the  ,..Lnit`i..€]~l  exercise  bout,   b.load  lactate  levels  rose

to  9£.09  mills.gram  percent.  for  subje.a,€s  performing

ex.pen+.iffiientai   cortdi-t;ir,.n  One.   and  98o/+9  mj.1ligram
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rje.fcerit  I'.or  sti-Oje.';ts   perfcrmir`.g  expiir3.mental

cone,ition  two.     FciJ.lowing.  the   r€!covel.;y  pe.piod,

blood  laetate  levels  dropped  to  53o04.  milligram.

percent  i'or  sub`iects  per.fo.T`ming  experiiriental

condition  or.e  and  I.ose  t,a  99.21  Enilli€J-;I.an  percent

for  subject.s  performing  experimental  conditior\  two.

After  i;he  subsea.uent,  .o®ut,   blood  lacta.'t'`e  .'Leveis

rose  to  97.12  milligram  percent  for  sLi.bjects  per.-

foFTI]ing  ex.perimental  condition  one.   and  lio.79

milligram  percent  for  s`rD5ects  perfoi`ming  e}'.pel`.ia-

mental  co.ndition  two.

In  Comparing  blood  lactate  levels  d.jfing  ey.peri-

mental  condition  three  (a  ten-minute  passive

recovery  patter.n)  arid  experimental  condition  foli¥

(a  five-minute  passive  recovery  pattern.) ,   it  was
observed  that  prior  to  exercise,   1act©.te  levels

were  14.08  milligram  I.!ercent  and  9.65  milligram

percent  respectively.    After  the  i.nitjal  exercise
bo.ui;,  blood  lactate  levels  z`ose  to  77.33  milligram

percer,:.t  for  sub5ects  performing  experimental
cop.dition  thre€` ,   land  101.04+  r5]illigram  percent  fo..r

subjects  pet.forming  experimental  condition  foiir.

:Followir?.;g   -I;he   re:3crv-e=.`}   perio`5 ,   blooci   lat}i,:ai;e   lew.els

a..Popped  to  55.86  rmilligram  percent  for  subjects

perl-ol`ming  experimental  condition  three ,   and.  90.40

millig.ram  pe.i~. cent  for  subject.s  performing.  experi~

mental  condition  ..I-our.     After'  t,he  sub.£€3quent
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SxeTcise   b\3ut,   blood   lactate   l€3,v'els   lbosrj   i;i:.127./{.8.

miilig,i.am  percent   for`  sutijei`,i;s   pe}.`foifQing  exper.i-

mental  condition  three,   a.nd  138.08  n!illigra.ff.  perce,n+.

±'or  f,u'ojects  performirig  e?[perimen+.ai  c..ctnd`ition  `fo.I.i.r.

5.     In  analy`zing  c.|mulative  pedal  revolutions   (CPR}  for.
ey.perimental  car.dition  one  duri.ng  a  ten-minu.t;e

act`ive  recovery  pattern,   it  was  ®bse.rved  that,  `a't

10  .secon{ls  ol`  exercise,   the  mean  performanc.e  scores

were  27.33  CPR  dul`ing  the  initi`a.-i  exercise  L`oui;,

ani'j.  27.0  CPR  during  the  subsequent  t>out.     At  20

secortds  of  exercise,   i;he  mean  perforffiance  scores

were  1}9.i+3  CE'R  during  the  initial  bout  and  50.5?

C:PR  dur.i.ng   i;:rt.i-3  sat)sequent  bout.     At   30   seconds

c>f  ex'erci,se,   the  meai`i  performari€c  scGres  .jLtere   67.8.5

CPP`  during  tile  initial  bc>uij-.   and  70®!+3  during  the

si.,ibsequent  boLit.     At  40  seconds  cf  exerc'ise,   the
•mean  performance  scores  were  83.0  CPR  du.ring  the

inj.tial  bout -and  87.57  CI`'R  during  the  subsequent

fo®ut.     At  50  seconds  of  exercise,   the  mean  perf.arm-

ance  scores  .wet.e  96.28  CPR  during.  the  initj.al  bout,

and  102.58  CPR  dur5.ng .the  sttbsequent.  blotit.     At  60

seconds  of  exercise,   th.a,  mean  perfor"anee  scores

i.,tere  log.0  CPR  during  the  inii;ial  boutS   and.1i,5o86

CPR  during  the  subsequent  .bout,

In  anal}rzing  cumulative  pedal  revoil.2i;ions  fc'r

experimental  co}'tditior.  i;wo,   a   j.a.ire-mir`u'te;  active
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-recovery   pa.tterri_,    li;   wa,cj   ilbsi-3}...v€;a   +.+tat   at`   ten

tseconds   o'f   exercise,    t}`^e   Ht,earl   pet.`.1'orma.nco   scores

w.ere   28.85   CPP.   dt,`rj.rig-tlie   initi€..1   bou+„   and.   24o71

CPR   duri..rig   the    sL]`t..!s``3ci.`iJ€r:t   bctJit.      A.t   20   seconds   o.t`    `

ex,erc'ise,    the  mean   pcLarl-ormance   scores   w{?L`e   4r-/.71

CPR.  dtiring  the  itiiti&l  bouts   and  46o63  CP.ii  during

tile   subseque7]t.  bout®      At   50   seconds   o±'   e.¥.excise,

tr.e  ffiean  perfoi.manc:e   scores  wer.e  65®71   CPR  du.ring

the  initial  boutS   a.nd  65.0  CPR  during  the  subsequent
•bout.     Alc   40   seconds  of  exerci.sep   the  meg.n  perform-

ance  sc,ores  were  81.41   Cptt  during  the  initial  boLit,

and  80.86  Cppi  during  the  subsequent  bo`i`t.     At  50

seco.nds  of  exel.cise®   the  mean  pel'.forms.nc}e   scores

`.¥ere   95®43  CPR  durirlg   the   irui.itial   bout,   anc+!T   95.0

CPR.  dul`ing  the  subsequer.t  bout.     At  60  secori.ds  o.f

exercise,   the  mean  performance  scores  were   108.14

CPR  duri.ng  the  init,ial  bout.   and  107.86  d-dring  th`e

sLlbsequent  bout.

7®     In  analyz.ing  cumtilative  pedal  revolutions  for
exp,erime`ntal,  conditiori  three,   ?  ten-minut.e  passive

i.ecovery  pat'cer.n,   .i,t  was  o`osel'ved  t-nat  at  ten

£`ecoH.ds   c`f   axe.`rcise,   the  mean  pert.o.rmarice   scores

were   30.7t   during  the   lriitia,I   I,out. -aiTid   31.14-CPR

during   bh.g   g.d*.€cq.u¢?nt,   I;o`Jit.      At   20   seconds   of

exerci.se.    the  mean   pe}.`j.kol.mance   scores   w€.re   54.71

C:i?rt   dul.iris    ,':.h.e   ir`.itia.I.   bout,    aric!.   F.;6.It   Cpit   diLiz:ing
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the   subs€jquc}n.t   i.lou+J¢      At   .30   £`:eci3nd3   of   exereise8

tlrLe   [ncJa!i.   perforrr"anc}`j    €Sc'.3reii.   wt-ir'e   75.57   C}``h   duJ.Sing

i.he   initi.'=:1   t`out,   an{i   76.4-3  i.}P`R,   dur]..ng   ijhe   subsequent

bo-tit.     At   40   seconds   of  exei.cises   the  mean  peri`ormance

scores  were  94.0  Cpi{  during  the   initial.  bout,   and

95®i5   CPR   du?L`.irig   t,he   snbsequerit   bGut®      At   50   sect,ends

a.f`   exerciseo   the  mean   performance   scol._es   were   110.29

CPR  during   the   i.`nj,.I-.i.&l  bout,   and   112$29   Cplt   during

the   subsequent  t`out.     At.  60   seconds  of.  e<¥erci.se,   the

mean  per for.fiiance   scores  were   124®43  CP±i   during   the

.initial  bt.jmt,   an.d   127,.42  CPR   dcaring  tllc-subsequent

bout .

In  anal.yzing  cumulative  pedal  rev.olution  for  experi-i

mental  coi'`.di-t;ioi-i.   f`c`ur,   a  five.-9miriute  .pa.ssj.ve   recovery

pattern,   it  was  obseffLved  that  at.  ten  seconds  of

exercise,   thci  mean  performance   scores  were   26®57  CPR

dui`ing  the   initial  botit®   and   29®28  Cpft  during  tb.e

s`dbseq.uent  bout.     A`G   20   seconds  of   exercise,    Eke

mean  performancr.`   scores  were  50o57  CPR  during  the

init.i.al  bout,   and  5'3.57  CPR  during  the  subsequent

boi7.t®     At   30   second.i   o,f   exerciseo   the  mean  per-formance

scores  were  71.43  CF`i'l  i`.iu.ring  i,he   initial  bout,   and

74.45  Cpil  du,ring   the   subsequS`3}1t   bc.ut.     At   40   seconds

of  exercise.   i;I,i,e  mean  per.formance   scor€Js   were  78.57

G`P.R  dul.ing   trie   i,rt.i,tial   bou.t.   ¢and   92.43  Cpit   cluring

•`;he   sut3seq.Lierit;   bout..      At   50   seconds   of   exercise,

the;a   mean   per.t`c:i-rffa.nc{?:   sc?ores   tw.ere   106.14   C;'.Pit.   during
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the   init.i.al  btJut,   arid   lo8.P.9   a.PR  ti.i&ring   t,.!'`ie   subs®co

quent  bi-iut.     At   6Q   seconds   of.  exe`rci£3e,   the  mean

performance   .i:,col-es  were   i20.8€+  CPR  du.ring,  i'ghte   ini.I;ial

bout,   a.nd   i.22.71   CLPR   ciuz.ing,   the   s.tut)sequeir2t,  boui;a

IJ±`SC'jss±OI.I

It  had  `r>eeii.  acceD`ted  i;hat  lactic  acid  in  the

blood  was   iricL.ea,c:;ed  as   a  result  of  IT.usc'ulai-.  exercise

(3.   I.9,   23).      }io`v...ever,   the   significarjct2   of  ,Tla.ctat,e

produi'.;tion  durirjg.  rr!uscu.lap  e¥_epcj se ,   especial],y  duri.t`!g

anaerottic  exercise  has  noi;  been  wide].y  studied.     I.here-.

fore,  it  was  the  initial  p.,irpose  of  the  stud}r  to

determine  whether  an  act,ive  or  passive  re.cove-£fty-  patte.rn

was  bette.f  fo:r  a.issipat,ing  blo..'jd  I.ae.tats.

Several  studies  showed  thai;  I.acts.te  removal  was

signifi.cantly  gi`eater  v6'.herT.  moderate  exeI.cise  was  perfo"r.ed

durir!g  recovery  (3,   9,   io,   23,   32,  40).     Support  for  a

passiv.e  recovery was  based  on  a  study  by  h'atch  et  al

(19?8),  which  showed  that  a  'passive  recovery  i-esulted
in  a  faster  net  heart  rate  recovG.ry,  as  well  as  an
incrt»,a.se  in  th.e  rate  ¢±`  Pet.urn  ¢o  tile  baseline  level  of

net  Oxygen  tjpta.'ifee   (283     153-61).      In  I,h.a  preseni;  study,

a  trend  a,ppeared  which  favored  passive  recoverbi'  of  a

sho-r.tor  dul.ation  for  dissipating  lac.bic  acid.     However,

ano.i.her  tr'end  eFT,erged,  £'a'b'ori}ig  active  recovex`y  patterns

of  long.er.  durations  as  beir.g  equ.al.  c.r  g.I.i€:ht.ILy  better

for  't,he  pu2`pose  of  dissipati.ng  lact£.a  ae.i.d.



.'+8

Ahlborg   e.`c   al    {197.5).    ig?3...3a+i;{.!d   .t'Ir.b   a.I.iririg   a

passive   reco`;er:J9    tt`.e   r!.... :..It:5.n£:  Ir;\isc.1es   e¥.b.itlii:ed   a.or.sider-

ab.le  meta.bo.lie  activity.     Signii-icant  glyccjgen  loss

a.nd  electri`irr.i/ogi.arjhic  activity  were  also  Lreport,ed.     There-

fore,   the  "resting"  muscle  cotild  be  mimicking  a`n  active

t`ecrjvery   (1g     7].8-23).     If  this  were  the  case,   then

fac.t;ors  which  had  previously  been  contr.ibuted  to  e.nhLri~nc®

ir.g  lactate  z`emoval  during  an  active  recovery`,  wotlld  be

as  significant  in  a  passive  recovery,  but  perhaps,  at  a.

lower  intensity  than  the  actual  act,ive  recovery.

Bonen  and  Belca.stro   (1976)   suggested  that`  the

uptake  of  b].®od  lactate  was  greater  in  high  cixidative

slow-i;witch  fi'oers ,   sin`ce  stlpramaximal  anaerobic

exerci.fj!e  r€,!cmit.,s  predomin.ently  low  oxida.tive  fast-tw-it{?,I.-!

fibers.    Since  lactate  will  continue  to  diffuse  fl.elm
the  rriuscle  for  a  considerable  period  of  time  after
exercise  has  beeri  terminated„   it  was  possibl.e  that  the

].actate  may  no-b  only  have  been  taken  up  from  the

circu`1ating  blood  by  the  high  oxidative  slow-i;witch

fibs.rs,  but  alf3o  diffused  directly  from  th.e  low  oxidative

±`ast-.twitcrit  fibe],.a.     Ir].  this  way  recruitment  of  the

slow-t-witch  fib€..I.`s  would  h.ave  enhanced  lactate  removal

{63       176-.78).

If.  1a,ctg.i.a  rerrloval  were  critical  for  i;he  resuxp-

tion  of  exet.cise,   then  reccwer}r  patterr}.s  in  which  lactate

reITloval  was  i3nhanced,   subsequent  performa.nee  should  have

been   s3.gr:I,ificar},tltr-inL`rea.srjd   {¢0-3      786-95) a      ¥he
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pi-egc`r?.i:   stli.Jj.y   f.ound   thaJ`7   .I,}i.ere   was   r`~ot   a.  rioticeable

trend   f`avcring  a.ny   one  r'ecover.y  p`,?.`,:ti=.i'¥]  for  fake  purpose

of  increasing  work  performance  on  a  st,.ibsequent  anaero-I)ic

test.     However,   b:yr  increasing  ex|;.eril-!}ental  rec,ove]rTy

±imes  fr.om  five  to  ten  minutes  more  lactat.e  had

dissipated.     A  ten-mintl-I:e  recovery  paJctern  would  allow

for  e`nhaneed  tissue  and  glycogen  re&m].ation,   and  fa,step

enez.gy  phosphafae  resynthe,sis.

F'uri;hermore,   all  reco-v.ery  patterns,   apart  i.ron

the  fj.ve-minute  active  recovery,  resulted  in  a  trend

toward.  an  improvement  between  initial  and  subsequent

anaero`Dic  performance  scores.   even  thou.gh  blood  la.cta`te

levels  were  elevated  much  higher  for  the  subsequeni;
-pe.rfoi`rianc3e  a.s  Compared  to  the  initial  performance.     "ie

data  thel`efcre  did  not  tend  to  suppo`I.t  i;he  theory  thai;

high  lac,tate  levels  w.ere  detrimental  to  sttbsequent

ariaercpbic  performance.     Ijamb   (1978)   suggested  that  as

training`  h.ad.  often  been  reported  to  increase  an  athlete's

ca.pacity  to  prodttce  lactic  acid  during  maximal  work,   this

greater®  producSion  of  la~etic  acid  ha.d.  been  associated  with

inert.aged  in.ax.im.al  work  c;apaeity  and  au  delayed  onset  of

fatig!£efl      lt  cou].d  £}`ier€!f.ci~re  be  deduced  that  lactic  acid

may  not  be;a  the   single  cau.se   ol-.  fat`igue   (31g     J.84-87).

Althougt-1  t)ne  }`iour  or  more  for  recovery  has

previousl.y  b'eig3n  rgqijire€i  befo}..e  resting  lactai;e  levels

we..f€;   1-eached.   {23      312~1.3) g   c:onsiderably  less   time

app€..a+£'ed   .b-fj   '{jg:   neees3ar:,I-   to   o`Litain  pre~r.ec®ver.y-   exercise
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perfTcrm,=irj`r`.e   st?or.'.e,t..;   f+Gr   `atLgh   inti`.3ri.#...it.,-y   sh`9rt   duratio.f,

a.n£3.erobic   ex€ircise   iri  this   st.udy.     Su'b`iec.ts   per.f`3rming

any  of`   t?Ie   fc;rtlLf   exp.e~i.`iinenta.i   eoFid.ition.s   were   CapabJ.e

Of.  rea'chiT?A8   Or   improviri8  `J!pon  pre-r.efjovery   performa}`Lce

seores®   even  with  the  increased  levels  of  lae,tic  ac.id

remainir7g  within.  ±he  bod;v~.     This  Stfgg.ested  that  lactate

reim.ovL2.1  was  moi;  c3.-i.=ical  for  subse,quen+,  a¥i.aerobic

performance,   \arid.  iricreased   i.£etat:a  I.evels  found  :ln  the

stud;/  d3.cl   r'iot   a€f €!ci;   a-uibseq,ueni;   anger.``r)bic   |9erfoi`mance.

I'he.r€J±`or9 ,   fa-'8igt.ie  du:i.£.rT+g  sijipramaxi.mal   a}iaer®bic   performm

ance  may  be  caused  t`y  other  factcirs  within  tELe  active

mug,JIG..

AE£.?&Q¥Es?fan.drfuci>fasi__fonoifeL!=&I:_i.i2.gi`J±Ttgiv¥ii¥

The   I.olloijvin&  r€`.:commendations  we,Te  I.glad.e   for

fi.I:..J:her   study 3

i.     Bhe  sao'ie  stu.€\y  cottid  `r)e  utilized  using  a

la.rger  f5L].mple  of  subjects  so  th&t  results

could  be  analyzed  statistically.

2.     T'he  §tttdy  w'ould  be  fur`ther  strengthened  if

gnu.sr,.Ie  biopsies  were  taken  iri  order  to

observe  what  -w.as  ocouring  in  'the  muscle  at

a.if.ferent  stages  during  each  conditior`..
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a.PP.El`,I;,IX   A

su:BIEcii   cor`isEr`{I   .Ilo   f`p.OcE.I]uF'E

11  _a_._._.,_          .{L`rini;  name  Lif  sub,ject;),  .
her`eby  authorize  rt}ember.s   `)I-  th.e  Appaiachian  Staije
Unive±`sity  Department   of  :.i..P.EOR. ,   a.nd   i.,issist,ant;s
s"elect;ed  b}..   them,   i;o   admiriistcz:   t.a  in.e   tl`ie   physical
exercise:  and.  medical  t,esi:,s  fc`i'  aria:Lysis  as
des.'.ribed  jn  the.  following  pi`ol3edure:

Ea.ch  subject  will  complete   four-   (2+)   test
ses`sioli.a,   eac;i  consisting  of:

1)     A  one-r!]inute  maxi'mum,   all-out  test  pedalling
ati  arm  erfiometer;

2)     One  of  four  exercise  recovery  patterns;
3)     A  sub.c`jpquent  3.11-out  test  c>n  the  arm

ergoniet,6r.

During,'  a.a,ch  sessionB   blood  samples  will  be  t-aken
b.v  a  qualified  nurse;  before  the  inii;ial  test,

:#:: t£:  i::::%tie::S::s%?te;h:e£3.:.::y#±dbe
DI..eserit  duringr  all  1:.-_rco=ed.ures.     In  order  to
moiiitor  heart  rate  during  testing,   subjects
will  be  wired  .to  an  electrocardiogram  via  three
e].ectrodes .

2.     I  have  been  made  awaL-e  of  cer-Cain  discorr.forts  and
consequences  with  the  pr'ocedures  described.     These
are  the  pa.in  of  the  intsertion  of  the  needle  fog.
drawing  blood,   and  the  pa.in  of  applicp.ai;ion  and
removal  of  electrodes  for  the  electrocardiogram,
and  soreness  associated  with  these  procedures  and.
exercises .

I  have  also  been  informed  that  ail-.o'ii.t  exerc.ise  may

g:n:::i:fep:05i::s?f|h::f:#yp:E:?n: :it!nm:g:gal`nealT.h  and  have  no  knoiun  medics,i  or  heal`th  problems
causing  me  to  limit  my  physic,al  a.ctivii;ies.

I  have,  understood  t.r}.e  exp].anation  of  the  procedures
and voluntarily  agree  to  part,ici.pat,e  in  this  study,
arid  I  understa.nd  the  followingg

Each  su-oject  will  r`.eed  tc  be,  available  to  report:
to  the  h-uriia.n  Perforrriance  I,aborat;or.y  for  four
sessions  over  a  period  of  th,Pee  ui.eeks  duri}i.g
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I`'e-{`,`i.u;.2,r.y   a.nd   r`Ila.I:.ch.       Sub..iects   '...- i]..I.   i)e   needed
fcti`   a   maxirrium.   o1`  ha:I.f   an   hour-  i)eI`   session,
Ti{cnday-iri`iiaay,    3`:30-:;:30   P.in.

-  I  -    _ -----. _-- __       -----
Signature  of  Su-ri5eci;

Da.ce   of  Consent,



APPE,runlx   8

I_ifut«j¥iip±±-_E=>r=eirs±::Le_E!:fl±Luiie.¥.ifn±S.

:,.. Please  arrive  ai;  IIuman  Perfoz`m±nce  Labora.gory   tin  .

V`arsity  a:\rm) 9   Tea.dy   to   comFT.ence   testing.

2.     Wear  loose  fiti;ing  cloths.ng  e.g.   trac'ife  siij.t.   or

shor`ts  ar.I.d  I-shirt,   etc.

5.

Do  !eei  wea.1.''  rrylon  clothing.

Please  clo  not  eat  three   (3)  hours  pl`ior  to  testing.

Do  Hj2~t.  exercise  one   (i)   d.av  prior  to  start  of  }rotfr

testi}i.g  sessions,   nor  during  test-ing®

Do  a±fl±  wea,1-  any   jewe].r.y  to   testi`ng  session.
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APPEi,ir/IX   C

able  1.     I`,haracterist-ic:sifugifei±bieLrfus.

Subject' Age
( yr.s )

i
Aa

3

!'

5

6

7

8

9

Y':5:?? m`1',9,I?g;',,I:f,.I

/+6

23

2/+

20

22

2:1.

23

24

•'2',-,

62

6j
63

67

61

66

61,



fi£'PE£VD`IX   £'

A.I.as`ter  -oa..ta   s}4eet.   I€i.a:it,i£`:7i}.?.8   subje{.,.t   cumulative
Revolutions  U.tiliE,ing  Four  Recovery  Patterns

*L`&

1n08
esTOJ[a`J€g

(spuO:c)®s)
@"¥,I

•fi!  =

U-.:•Iul•f+ 0C1 cr\   Cr`0ri r!CVrlrli:: rlH'!rlN

CO      a,`V\d Crl   rir+thJ± '

r` rlCO cO    ch'

C|! itv I+N

_Jug

a C)in ._roJ
uJ18i|i2c|   4#lljsASoe#              S/.t|8¥-. Sutun   i.`,T-
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APPENI:;IX.   E

FicLpa±a±i&n__cLT'lTestirfu5ig±±±Lt±.ci;p.#

¥±Zkeil±S=±£2n±m£=£h±£=is_j±i_dLa±flil#.tLign€
8.2  mls   of  60%  perchloric   a.cid  was  added`   to   loo  m],s

of  the  final  volume.

2 fl     En:zREjLs9±EELt:±2n:

2  mls  glycine  buffer  solution   (Sigma  stock  no®   826®.3) .

3.I.  mls   H20.

0.1  ml   enzyme   {LDH-Sigma  stock  no.   826un6),   was   a.dded

to  an  HAD  vial   (Sigma  stock  rjt,a.   260-ilo)   containilng

10   mg   NAD.

Lactic  acid  standard  stock:

1.0  ml   of  lactic   siil-iii;ion   (Sis-rna   g,toe.k  ?io.   826-.1.0}«

3.3  mls  of  7%  perchloric  acid.

Staridards  were  prepared  by  diluting  the  lactic  acid
stock  with  a  dilutant.

Dj.i-.uJal:
2  mis   H20.

1  ml   of  INaF.

6  mls  of  77o  perchlrjj.``ic  acid

#Sigma  chemicals  may  be  purchased.   from  Sigma  Chemicals,
Inc.,   P.0.   Box  14508,   St..   Ijouis..   rfljissouri     63l?8a
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Master  I_)eta  Shee.t   Eden+.ifyirig  S!Li`bject  Blood   Laci;ate
Levels  UtiJ.izi}-ig  .I.Four  Recovery  Patterns

ifl

..iJri    C\    prrl   Cu    ('`,   a

eATss¥d                  eA?`SS`t3d
• su.Tur   a-I                  .gut-ur   £

OATS,OV
'gui'ur  £
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