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' 'T}ie puUrpose dfﬂ\.is_study;was to.ev'aluatc the effect of different interval training

‘magnitudes on measures of training intensity. It was hypot'hesi_zle_c'_that the session rating.
of perceived exertion (RPE) in relation to summated heart rate (15 {) score, bloo.d lactate
| .(Hi;a), and oxygen consumption (VO2) would increase as the deviation from the mean .

“power output of the interval was increased. Subjects consisted of n=6 female and n'—fﬁn .
male well trained individuals accustomed to cycling exercise. A VO2 max test, as weli as
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4 additional tests were performed on an electrically brak’led _cycl.e ergometer. Blooﬁd
lactate was collected during the VO2 max test to determine the md_w.l-du'all anaerobt_c” L
“threshold (IAT). A steady state (SS) ride at 90% IAT_-a_s_;weli as 1 min intervals at 10, 25,
and 50% above and below 90% IAT, all 30 min in duration, were performed. Sesston
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" RPE and summated HR were calculated for each exercise scssionandpompared to each
other. Steady state conditions were observed in all individual comparisons for HR, RPE,
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© VOa, and HLa for each interval session. The relationship between session RPE score and
summated HR score for each exercise session was similar. This relationship indicates.

hat these two variables are essentiaily the same regardless of the type of exercise
“intervention, providing a means of quantifying the intensity of interval exercise.
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INTRODUCTION
Background i
- Many studtes havc stressed the tmportance of tratrung tntensny in enhancmg the
effects of trammg on pertormance (9 14 16 19) These studies have shown that intensity
rather than frequency or duratton has the most profound efl ect on athletlc performance.
'The speclﬁctty of the traintng program is also thOUght to szgmﬂcantly mf‘luence the

| tramtng effect (10) This concept along wrth the tmportance of mccrporatmg htgh

intensity bouts mto the tratmng regtmen has led to the development of lnterval tramtng
' 'lnterval tramtng can be used as a hlgh rntensrty approach to trammg, the 8031 being to

prowde a method that allows a large volume of htgh mtenslty, speelﬁc training wrthout

'tncumng excesswe fattgue. .

lnterval trammg, whtch allows for perlods of rest between hlgh mtensrty work
bouts, has been shown to be more effr-'cttve than contmuous, steady state (SS) tramtng in

- tncreasmg maximal oxygen uptake (VOz max), heart rale (HR), and aerobtc power. Thts

-mode of tramtng is also effectwc m provrdtng efficient uttllzatlon of glycogen and

_enhancmg competttwe performance (6,12,13 15) Thts would suggest that a lcnger, .

N lower mtensrty SS wcrk bout can be replaced by a shorter but hlgher tntensrty mterval

work bout whtle stil achtevmg the same, lf not greater, tramlng effects.

Gwen the tmportance of mterval trammg, thcre is a need to quantitate the effeets

of mterval trammg on measures of tralnmg tntensny Foster et al (1 l) expanded the




o eoncept ofthe ualnmg 1mpulse (TRIMI"S) systems model deyeloped and expanded by

"'Bamstei Calvert, Savage, and Bach (2), Fttze Clarke, Morton and Banister (7) and

Morton, Flt:re Clarke, and Bamstor (l 7) by usmg A modlf’ted ratmg of percewcd exortlon __

- '(RPE) scale to replnco the HR data on whtch the TRIMPS model depended T]us
'prowdcd a single number representatton of thc dtfficulty of a tratntng sessmn that
' corresponded wnth the physmlogtcal aspects of fatlgue Ilowever, tlns system of
momtormg trammg was developed usmg mamly eonttnuous SS exercise. The fact that
little research has. been done usmtD thls techmque to monitor mtermlttent (mtewal) type
. exerclse lead to thls study B .
The spec1f‘1c purpose ol this study was to evaluate the effect of dtfferent mterval
. training magnitudes on measure‘s of trainmg 1nten51ty. Tlte mtensuy of eaoh exerclse

B session w1ll be represented by the sessmn RPE to determine how thts smgle number

' representatlon of dlfﬁculty oorresponds to the summated HR score for the same exermse '

B sessnon' [t was hypothe51zed that the session RPE | m relauon to summated HR score,
' blood laotate level (HLa), and oxygen consumpuon (VOz) would morease as the

'. dewauon from the meen power output of the interval was increased. By exammmg, 3 the

' _ effeets of varymg the magmtude of mtervals on these physmlogtcal varlables an athlete .

should be able to deSIgn a trammg program that effectwely mcorporates mterval trammg
A related study exammmg the effeot of mcreasmg the duratton of mtervals on the same

measures of trammg mtensuy was camed out in conjunotton thh thlS study
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- METHODS AND PROCEDURES

Subject S'eleetion. '
l"welve (6 [‘emftle mtd § male) well tr'uned mdlwduals accustomed to cyclmg
exercrsevolunteered to partrotpate in thts study (see I‘able 1). All subjcots parttclpsted in
both parts of thc study . Iherefore, they underwent seven tests on 3| eyele ergometer over
a pertod of dpproxtmately 20 d'tys All s ubjeets had approprtate responses on 3] screemng
' mstrumutt desu,ned to tdenttfy mdwrdusls al mcreased rtsk of cardtovaseular dtsease (1)
' Fhe speuﬁed protoeol was approved by the Instltuttonal Rewew Board at the Unwersrty
of Wtsconsm L‘ICI‘OSSB and all subjects provrded wrttten 1nformed consent pI'lOI' to
“participation. o
. l’reliminam T—est |
Preltmtnary testmg mcluded anthropometrlc measurements (hetght welght and
' 'skmtold thtckness), and a lest to detertntne ntax:mal oxygen consumptlon (VOz max).
, Fhe V02 max test was conducted usmg, an electrreally braked oyole ergometer (Lode, _
Gronm;,en The Netherlands) and VOz Wwas measured usmg Open otrctut spnometry (Q
' 'EPlex Qumton lnstruments Seattle WA) Power output Was mcreased by 50 Watts tor all
:males 40 Watts for females werghmg 60 kg or more, and 30 Watts for femalesunder 60
. kt, every 3 min unttl fattgue, w1th VOz measured throughout the test ‘Heart rate and RPE'

 were recorded durmg the last 30 s of each stage.




Table 1. Individual subject characteristics (mean + standard deviation)

| | . . . N

Vadable @~ Male(@@=6) ~ Female (n=6)

Height em)  17723%37  1646x81
weightkgy  708x72 63843
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AT(Waskg) 3307
IATHR (bpm) ~ 174£19

AT = Individual Anaerobic Threshold




Blood laetate samples were collected from the turr,ertlp at rest at the end of each
- 3 mine’Mge, and at l, 3 5,7, ond 10 min postexercrse whrle tlte eubjeet contlnued to pedal

Cata reduced workload The rudwrdual anacrobic threshold (IAT) was calculated from the

j exeretse and recovery bloodlactateooncentrattons accordmg to Stegmann, Kmdermann B
N and Sclmabel (20) The workloads tor the aubsequent mterval sessrons were determlned .

usingtheir IA’I". . I

I‘_xg_r*runental Protoeg l
Eaeh aubjeet performed four randomly ordered exeruse bouts of 30 min in
durauon A SS control rrde was performed for ’lO min at a power output approxrmatmf,
90% of the subjeet s IAT. Thrs level of trauung, mtensrty has been tound to be about as .
' hard as reasomble for 30 eontrnuoue mtnutes (20) All sub]ects also underwent three 30
min mterval sesalons at 10, 25, and SO% above and below their SS power output(e g, if
200W 90% IAT then 10%= 220W/180W 25%— ZSOW/ISOW 50%-- 300W/100W)
Thepower output of each mterval sessmn was alternated every mm (1 min hard lmm
| e_asy) and was perforrned at a 1 1 work relref ratlo The totalwork done over eaeh 30 min
~ session was approximately the sam‘efor eaeh protoeol. ' o
. . Outeome'Measures
Sessron RPE was determmed by hawng the subjeet rate the dtfﬁeulty of the entlre

session 30 mm after eompletron of the exercrse bouts using a eategory ratio ratmg of
pereewed exertron seale (3) Thrs was multlplted by the duration of the session (30 mm)

Followmg exerorse, HR records were obtamed from the heart rate monltor and a global

summated HR 5C0Te Was ealculated accordmg to Edwards (5) and Foster (8) Laetate was




measured in caplllary blood samplcs cbtamed from the ﬁngerup at 0, 10, 20 and 30 min.

These measures were then plotted agsmsl VOz response using lhe same time increments.

Statlstiggl Analyms

Compansons were made umcm, » the mean vaiucs of the scssm-n RPE and the

N summated IIR score, VO: and blood laetntc at 0, 10, 20 and 30 tin. These phys:ologlcal'

vurmblcs For thc 10 25 and 50% mlcrvals were also ccmpared to those found durm;, 1 the

B SS exercise scssion. A P value ef < O 0167 was accepted as stansttcslly significant for

, p*nrcd {« tcsts with a Bont‘erom ccrrccuon. Speciﬁcally, it was hypothcsized that the

' scssnon RPF and nll three physxolcgical cutcomc mcasurcs wculd increase as thc '

magmtudc of the mtcrval bout increases.




RFSUL’I S

Rl’E HR VOz and blood lactale values wcre compared to SS valucs throug,hout'
: . _each 30 min cxercme session (see lable 2 5 & Flgures . 4) RPE mc,asures for all

e*(ermse sossmns moreoscd f rom 0- lO min then levoled off for the remmnder of cnch 30 '

' min st.ssmn wuh the exception of the 30 min RPE durmg the 50% mlerval (rial hung

. -slgmﬁcanlly greatet than SS cxorclse. VOz mcroascd from O- 10 min and levcled off for

- all cxormso scqsmns. HR lncreascd from 0 10 min und drlﬂod upward l‘or the rcmamder

of the 30 min session. T hore was a slgmﬁcnnt lncrcase in HR from SS values at 10 min _

' durmg the 25% lnlervnl scsswn. Blood lastate values followed a shmlar pattern

throughout the 30 mln sessions with the values for the 25% lntervals belng sig,mf icantly

groator at 20 min and 50% lnterval values belng slgnihcantly greater tlmn SS at 16, 20
' and 30 min. Blood lactato valucs for thc 25 and 50% lnlcrvuls appcared to be grnater

'lhon,the'_ 10% values s well, b’ut there was ot @ 'sl'gnlﬁcant d_lfforemo.
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1 ablc *‘3 Comparl‘son of luuly slatc valuu ot HR IILa, VOz and RPF durmg
10,25, and SO%intewnls (mum+t;tandur(l dcvmllon) -

ablc 2. Heart Ralc Reqponsu Compnrtson (bpm)
Session © Rest 10min 20 mln , 30h'1i|1
s 1913 155x10 1594 11 : 160_;';'13
% 7946 153100 158&11 16349
25% - 8419 I59~4 94* 166+ 14 169+ 11
se% 8210 1sSE128 dedxll 170 + 13

K mdwntcs mgnitum 0167) for pmred (tests with a Bonferon
correction,

Table 3. Blood Lactate Comparison (mmol/L)

. i . . . . ) . i .
P HMH'-HWA#._W . e nfinamrreteet-iebits. st - e A g S

Session CRest  10min 20min -~ 30min

6%  15£06 44zl

50% - '.1'?1-0.5 484108

’
“ﬂﬁwm“wﬂw%
%MWW

" indlu\lcs mgmﬂcunt dlffcrmcc (p <0, 0167) for pmrcd - tcsts with i l30nfcroni
wrru,tton - . ,
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_ Tablc 4. Oxygen Consumption Compariso'n (L./min)

:-—-;--.-—.—-—-—,..mu W

-ﬁ
'V ox oLa . . . F - - . i 1=
L L AT R TR A —

Gesson  Rest  10min  20min  30min

- - . . .. il -_-M.-'

8§ 27£.03

0%  27£.03  211%.67

25%  27£03 245133
Cs0%  27+.03

~ Table 5. Rating of Perceived Exertion Comparison '

ol . : : . - .. ' - : LT - ' '.III . - o .

Session - Rest ' . lOnihY | 20 lﬁin | 30 min

s 00£00 2808  38x12 38l

0% 0000  3dxLl 36xLl 8%

3% 00400  35£07  42:09  42£09

s0% 00500  39£10  4dxll 412
Vindioates significant difference (p < 0,0167) for paired t-tests with a Bonferoni -
“correction S - - o
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Figure 1. Comparison of §S HR values to 10, 25, and 50% intetvals,

¢ -@-Hla +10%
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Dunn;, 1hc trmmtmn trom I‘th to 10 min all phys:ologcal varlclbles (IIR VOz

RPL und llL.a) incret ased <:|1,111hcantly durmb ezich U(penmcntfll LOI‘Idlthﬂ (SS, 0%,
25%, und $0% lrmls) Stuuly statc condmom were obscwed in all mdwndml parallal

' wmparmons Ior lhc entire 30 min dumtmn. Hulrt rate rose t‘rom rest in all trmls wilh i3

.stg,mtwunt rise from 10- 20 min for tlu, 10 nnd 50% trials wlnh, lhc rcst runalncd stablu.. __

- V()z rose llom rest in all trmls as well, Wllh Qo subscqucnt fise from 20-30 min in thc 50%

tlml RI’I rose from rest in all muls with aubsequcnt mcruascs from 10- 20 min in lhc S‘-}

' _ ""3%.. und 50% trmls ns wcll a8 lrom 20 30 mm In thu 50% tnnl Blood laotmc valuer;

l‘ObC‘ mbmhcunlly 1rom rest to 10 min during y S8, 10 and 25% trmls and from 20- 30 min

durtm, 1 S8 e\:cruisc There were no larg, dif ﬁ,rmccs among expcnmentnl condmons In
uny mmm mrmble wnh the e%cepllon of blood lnctatc being myutmmtly Im,,hcr in thc.

- ‘SO% ninl Howcven thc lmrense m blood Iuctme ncro«*s time incretm,nts of 10 to 30 mm .

for mu,h trml was less tlmn I mmol/L, whu,h snlishcs tlu, criterin lor maxinmum lautatc SS

2N,

l SLHhiOII RPL ratings were compurcd to nnd plotted ngamst the summnled HR
score for emh u:crclsc sesmon (sec || h,ure'f; 5. 8) bummated HR and sr:q';lon RP[ valucs
'werc hot signiﬂcantly dlffer:.nl bctwec.n SS., 10 and 25% exucls‘c seqslons. T herc wns A
stgmiu.m\t dllfcrcncc betwwn summulcd HR score ‘and the session I{PL (ot thc 50%

- inturvnls (see lnblc 6). A plot of the rcgru;smn lines showv. thnl thc rclnttonshtp belwecn
susqmn RI’I: und qummntcd IIR wetre w,ry simtlar (scc I‘lgun. 9). '1 hc exereise score
rcpruscntud I)y lhc sc%ion RPE was larger overall thun tmt‘nmnlcd IIR but nol "

signilu.nntly 50, Individuul rcgrwslon lmes showud npproxinmluly the same lrcml tor

12




'cach tnal (see l*lgurc 10). We mtcrpret thls to Indmate tlml the summatcd HR and

exerclse scme are ﬁmdamcntally the same rt..gardlcss ot the typc of excrmse performed

lable 6. Summated llR SCOTCS compared to session RPE scores (mean +-
standard dewatton) |

Session  Summated HR ~ Session RPE
ss  10+24 13057

- 1-0%_ ' i 114 £ 16 " 136 lt 60
5% '.-*..n-m

' 5’0%’ S ll-4+ Il

mpr-mﬂ

W

* indicates srgmﬁcant dil“fcrencc (p < 0.0I67) for palred 't-tests with u. Bouferoni
cortccllon - o
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ure 6. Summated HR score vs. RPE. during 10% Interval exercise.
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Figure 7. Summated HR score vs. RPE during 25%
y= 00426+ 10729

Flgure 8. Summated HR score vs, RPI




y = 0.1737x + 67.652
 R? =027

100
- Session RPE Sccre .

Iigure 9. The average summated HR score vs. the average session RPE score for 88, 10,
~ 25,and 50% exercise. o
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 Figure 10, Individual regression lines representing summated HR score vs, session RPE
- score for 88, 10, 25, and 50% intervals, -

1] I‘
II

|

L]
Foa
F
]
X
[} |‘
L
|I"‘

I. '
o
(1=

]
|
4
Ly
. L |
4
P
P
L] *
" ]
. 1
h
.
L)
. "nl %
' 1
1yt
LS iy
.t
| \
-I 1]
.'.“
qd
Tu.
L] ‘I"
F ‘I'I
3}
o o
I‘I '
.I
Y
‘.l "‘I.‘
i B
y f
#J"‘ti
h
e
1' LI
L
. 1
. ,"'-'
-y *:.:
4+
SRS
R
1
4N
F
L
-|I k 'sl
R |
_‘I.”
',"4’
l"'. o
- BN
.'l' e
i
ir
L |
1%
e
L
L 'll'
I
¥
e Tk
S
l'I..
Fy
L T
| L
.ll L
rﬁ'l
- F
L]
-‘ r
- | ]
R,
- '.
N
Foa,
LN
e
s F
|
. -
! | ]
i _"
)
'
&+
I.‘I
. ¥
11
o
' !:j
LI
i
A7
q{ .
..h
[
.
. -'
L ]
oA
P
L,
'--I
LA
b
1
Y
...
L]
voor
Ny
»
' .I'.
1.';—
x
! i
*-
. K
L
I“'.r
_‘-
<y
f,
™
I'-..
ke
b
.
o |
T
S
'R |
H
: F
A
:‘. Y
]
.
-k
|
v
¥
1. I'
L]
‘.
L
Az
-K
b
o)
-
i
‘-
Ta
T om
- 1
1
tae .
RS 1I.
1
t




DIS.CUSSION
“The primmy purpo*;c ot thlS study was to delcrmme how thL mlensny of an
- cxcrm% bLb‘ilOl\ ruprcsentr..d by tht. msmn RI’E corrupondcd to tht, summated HR qcore '
. ior lhul sume exercise session, We cmnpnredrwponses during In crval sesalons of
vuryuu, mtcnmues nswull as during Sb LXQI‘C!SG. Al ses*;lons wetre 30 min in durauon '
and all mcnsurcd physlol%lcul vurlablcb (HR VO:, RPL and Ian) 10s¢ trom rcst to 10
mm'uncl lweled oft to SS tor llu. dumtlon. Ihem was o mujor diff‘erenw umong
' c&:pcrinmnml c.ondmona (Sb 10 25, and 50% tnals) in any of thr., nn,asurcd physmloglcnl
. \’llrldhlLb. llw summulcd IIR and exuusc score (:,cqsmn RPL) were tound to bL
-. cqqcntmlly thc same reg,ardluss ot wcrmse pmtcm. .
- I’tewoue work usmg himllar means of momtormg the mlcnsny of an wermc

'HLSbIUI’I Imw. (Ieult mmnly wnh b..S wermsu (2 4 7, 8 1 l 17, 18) Ihc cutrent bludy
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_ vulululcs fmeans ol nwnuoring lhe inlcnmly of mturvnl exereise which i 1s underatood to

' produu, n g,ruucr trmnmg Lt‘l’ect in muny ulhlctes (6, 10 12,13, IS) Since our rcsults

qugbcsl llmt sumn‘mlcd IlR score nnd session RPL are related un(l Follow thc SQAING lrmd

We unn conclude that lhIS syslcm ot rulmg, lhc mlcnslty of mtervnl exercise Is valid.,

I’rcvmus ‘;tudieé have exumincd the effects ol‘ trmmng imcnsily in enlmncing the o
| efffects ol tmlning perfornmncc (Y, 14 16, |9) Intervnl lrmning n!lows i\ prog,mm o t;lrwss
: mtcnslty and hus been shown to bt. more effective than wnumtous SS tmming -
(6 12, 13 IS} ‘The mclhod of quanlifying interval trninmg used in lhis sludy c:-:tcnds

'prwimm wurkh that have uscd similnr tm.thods m quanlily ss mrusc (2 7.7, We hnve

17




"'cxprmded the concept of usmg a modified RPE scale to replacc heart rate data and

B provrde Q smg,lc numbcr reprcqentatson of the drfﬁcully of a traimng sessron. T hrs
number corrcsponds wrth physnologrcal nspects of fatrg,uc atrd can now be applrcd to
interval exercise.

In summary, the relatronshrp belween summmcd HR score and sessron RPE arc

essentrally the same regardless of the lype ot exercise lnterventron. Based on this

' mformatron, we hrwe provrdcd a means of quantrfying the mtensrty of interval exercise. .

Flrrs method ls 0 srmplc way for athletcs and coaches to momtor the drfﬁculty of a

workout and lo cvaluate the effect of trammg pror,mms. _
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INFORMED CONSENT FOR * The cffect of different interval magnitudes and

‘duration on measures of excrcise intensity.” _

| ______, give my informed consent to participate in this study
designed to evaluate the effect of different interval magnitudes and durations on
‘measures of training intensity. [ understand that the study is under the direction of
Jessica Florhaug and Lauri Hrovatin who are graduate students in the department of
‘Exercise and Sports Science at the University of Wisconsin-LaCrosse. Dr, Carl

" Foster who is an associate professor in the same department is the faculty supervisot,

| consent to the presentation, publication, and other release of the summary data from
the study which is not identifiable with myself,

.1 have been informed that my participation in this study will involve my participation )
“in seven cycling tests performed on a cycle ergometer, each lasting approximately 30
minutes with 48 hours in between each session, These studies will also involve a
preliminary test on a cycle ergometer to determine VO2, blood lactate, and individual

“anaerobic threshold. The studies will take place in the Human Performance
Laboratory of the University of Wisconsin-LaCrosse..

| been informed that I may experience a high level of fatigue as a result of the

vigorous activity. 1 am aware that | will perform a warm up and cool down in
conjunction with each session, [ may also have sore fingers from the puncture sites
for small blood samples, taken to measure blood lactate. '

5. 1 have been informed that the primary benefits that [ might expect from participating
in this study are the high intensity workouts, increases in VO2 max, and experience
using the rating of perceived exertion monitoring system.

| have been informed that there are no “disguised” procedures in this study. All
procedures can be taken at face value. '

[ have been informed that testing will be supervised by individuals trained in CPR.

| have been informed that I am frec to withdraw from this study at any time with out
penalty.,

Concerns about any aspects of this study may be referred to Jessica Florhaug at (608)
796-9694, Lauri Hrovatin at (608) 785-4686, and Dr. Carl Foster at (608) 785-8687.
Questions regarding the protection of human subjects may be addressed to Dr. Garth
Tymeson, chair University of Wisconsin-LaCrosse Institutional Review Board at
(608) 785-81535,

Investigator__ Participant Signature
Date Date
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REVIEW OF RELATED LITERATURE

' lnimdi:ctio
The purpose of this study-was to evaluate the effect of different interval
' magmtudes on measure of trammg mtensnly represcnted by the session ratmg of
- perewed exertion (RPE) and how lt compares to thc summated heart rate (HR) score of
. - 'the same excrcise session. By assessmg thc scsswn RPE at mcreaamg, varymg power
- outputs above and below a steady state (SS) level an athlete should be able to identify
the mtensny of the mterval session that Wlll maximize their training goals, leadmg to
“optimal performance while deer‘easihg the possibility of developing overtraining
. syndrome (OTS). N
In a study dealing with OTS, Foster (8) used the session RPE method of deriving
“training load to calculate the training monotony as well as training strain (negative
“influences of training in the context of Mujika et al.) (20). Daily’ training loads were
summated to calculate a weekly training load. Training monotony (an index of the day to
day variabil'ity of training) was calculated by dividing the daily mean training load by the
standard deviation over a week. Training strain was defined as the weekly training load
multiplied by the monotony. Training strain was shown to be highly related to negative
responses to training and is thought to be related to early manifestations of OTS (banal
infections),
The following provides a review of literature pertaining to: 1) the components of

F.I.T (Frequency, Intensity, and Time/Duration) and the role they play in the
24




dcvclopmcnt of lrammg programs, 2) the dcvclopment and cxpansnon of dlffercnt

approachcs to momtormg tralmng, and 3) the cffcct and importance Of interval training,

' “The | lack of htcraturc dealing with mturval trammg and its cffecls on measures of trnmmg,
- intensity is the primary impetus for this investigation. . .
&w_n_shmg_w&ngn_ . -

~In the qucst to OpllleB perfonnancc, coaches and athletes have tr:ed many types
, of trammg methods. Durmg the course of progrcsswe tralmng most athletes find the
o mcthod and training load that works best for them and their particular event The trammg -

_ Ioad conmsts of components attnbulablc to trammg frcquency, mtensny, and

duration/nme (F. l T). The appwpnatc F.I T combination varies depending on the

athlete, their sport, and their specific training goal&

The most recent position stand by the American College of Sports Medicine
"(ACSM) (2]1) discusses the importance and necessity of these three factors (F.I.T.) in
' itﬁproving health and fitness among the general population. Moderate levels of physical
activity are sufficient for sedentary individuals to achieve the health benefits of exercise
training. Programs involving hi'gher intensities and/or frequency and duration provide
greater fitness benefits.
The 1998 ACSM Position Stand (21) is in agreement with the general
understanding that greater training loads result in greater training effects. Many studics

have attempted to determine which component of F.I.T, plays the most active role in




_ producing the breatcat trainmg effect. It s wuicly agreed that higher traming, lntcnsmcs

o are rcqulrcd for thc maJor ccntral circulatory adaptauons to tramm;, In revlcw by

[Foster (7) thc importance of | mcrcascs in VOz max in adaptallons to mcrcasm;, lcvels of
ph_ysical activity were discussed, Increases in VOz max occuf in the untrained healthy, in
cardiac patients, as wcll- os Ii'n clite athletes, It was notcd t'hat_incrcoscs' in VO2 max in
~athletes are lcss rclatcd to mcreascs in overall trammg load bul more to trammg mtmsnty._

Pollock Ward and Ayres (22) showed that high mtcnsny efforts mlght not be
ncccssary to mamtam cardlorcsp:ratory ﬁtncss in the average m:ddle-aged man.
Scdentary men trained at hlgh intensity for 30 mm/day for 20 weeks, The subjccts
“showed an increase in VO2 max and Vi max as wcll as decreased HR max, resting heart
ro'tc'(RHR), body weight, and percent fat, Subscqucntly, the intensity of exercise was
“decreased and a portion of the subjects stopped training, another portion of the subjects
were a control group, and the rest cxercised continuously for a 26 week period. The
| group that tramcd continuously at a decreased intensity maintained their cardiorespiratory
fitness whllc the group that stoppcd training showed a SIgmﬁcant decrease. This 1mpl|cs
that high mtcns:ty cfforts are nol necessary to maintain cardtorcsplratory fitness in the
average middle-aged man, While this may be true for enhancing fitness of the general
population, the athlete looking to improve performance depends on different
combinations of F.I.T. than persons looking to primarily benefit their health.
Hickson and colleagues evaluated the effect of reductions in training on the

cetention of training induced increases in aerobic power, and short and long-tern

endurance (14,15,16). After a standard program of cyeling or running for 40 min per day




for 6 days a wcck at a htgh mtcnslty f’or i} pcnod of 10 weeks, mduccd LT, componenta .-

~ were reduced by ctthu‘ /3 or 2/3 for an addltlonal 10 wccks. Rcducttonq in 1nlensnty, but
not dur'ttton or frequmcy, resulted in rcducttons in performauce and VO max. T hlS led

- to the conclusmn that mtensity of cxercise 1s morc critical to the maintenance of acrobic
power than frequcncy- or duration,

Lehmann et al (18) demonstrated that increases in trammg mtensttles produced

tmprovcd pcrformance and was well tolerated, whereas large increases in training volumt- .

' csulted m a decline in performance. Both the Hickson et al. and Lehmann et al, studtes
Sllpporl the conccpt that training at a higher mtensny vcrsus higher frequencws or

‘durations may havc the greatest effect on tmprovmg performance. This in tum supports
~ the idea that mtensny is the most important component of the F.1. T paradigm for
athletes.

Approaches to Monitoring Training

The F.L.T, concept has become a universal approach to evaluating training

' programs for both the general public and the athlete. However, it is inconvenient in that
it doesn't provide a single number that allows evaluation of the exercise session, F.LT.
provides us with a combination of percentages of each of its components that can be
applied to a training regimen, but fails to provide a single representation that can be used
to measure or describe training input and output. Therefore, it is not only inconvenient,

but also conceptuatly difficult to us¢ in input-output evaluations.
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In l968 Coopcr (4) dcvclopcd lhe “acroblcs pomts systcm lhat was bascd on

il

-_ubsolutc trammg mtcnslty It was a very popular, slandard approach to exermse

g

L]

_ monuormg Buscd on publ1shcd valucs for absolute cxercise lntcnsules, the aerobics

] e . T . 3 - Lot -y ™ = 1w
o T Mk R Lh-‘-y,ﬂ-#;m—lﬂ:—f:ﬁw L T TR

- pomt system effcctwely mtcgratcd the intensity and duratlon of exercise trammg
activities., Howcver, us limitation was that it 1sed absolute trammg intensities, A wealth'_
'of exermse lllerature suggcsts that lhc relative tralmng mlensuy (e.g., % V02 max) is the

“dominant factor relative to cxplalmng adaptatlons to training (7).

TRIMPS System and its Expansion .

A systems model developed and discussed by numerous authors (1,6,19) provides
a way to estimate the level of performance by using two competing factors related to
iraining. Performance is estimated by finding the difference between the fatigue
(negative function) and fitness (positive function) associated with training. This model
rakes into account both the volume and intensity of training, These studies introduced the '
con’cept.of the training impulse (TRIMP), which is the duration of training effort
multiplied by the intensity (measured as the average heart rate times a converston factor
celated to relative intensity). This systern enables one to predict and optimize training
methods for an individual based on development of fatigue (decreases in performance)
and fitness (incrzases in performance).

The TRIMPS concept of describing training input has been extended by Mujika,
Busso, Lactose, Barale, and Chatard (20). Here, the antagonistic factors or components

of the model were the negative influences and positive influences of training on
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'performancc. Ncgmwc inﬂuunccs included all physical varlahles contributing to fatigue '

R having a negatwc :mpacl o pcrform'mce. Posuwc influences mcluded phystcal
variables lcadmg to enhanccd pcrformancc. The model parameters in lhlS study wele

' assumed to be constanl over time, which didn't account for Chﬂnf,e.‘: resultmg from

' tralnmg lntensny or durat:on over a prolongcd penod of trammg

Busso Dcms, Bonnufoy, Geyssanl, and l.acour (3) further expandcd the [‘RIMPS
systems model concept by takmg into account umc-varymg parameters. T1 1me-varymg
paramelersallowed for day-to-day varlatmns in model parameters (gain terms and t:me
constants) which may conscquently descrlbe adaptallons to training and long-term fattgue
that are present in performancc Thc goal was to find out |f usmg a time- varym;_._, systems
model prowdcs more 1nformat:on concerning the adaptatlon to training than the time-
invariant paramcter mode of Mujika ct al. (20). They concluded that time- varymg
parameters allow for a better description of the effects of training over time in regards to
previous and future training loads.

Ratin of Perceived Exertion (RPE

The TRIMPS system is a step beyond the F.I.T. concept and the “aerobics™ points
system in that it provides a single number to evaluate training input that takes frequency,
relative training intensity, and training time :nto account. This makes the monitoring of
training more convenient and conceptually easy to understand. The limitation to this
system, however, is that it is dependent on knowing the heart rate of the athlete during
training and performance, Although commercially available HR monitors simplify the

evaluation of data, either failing to have a HR monitor or technical limitations in their use
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Fo cxpand on thc TRIMPS concept, Foster et al (11) used a modification of the
- Borg RPE scalc (2) to rcplace the heart rate data on WhICh the TRIMPS systems model
B depends. A smgle numbcr that globally rcpresents the overall mtensny of an cnurc
lramingsess:on 1s collectcd known as thc session RPE. ihls numeric representation of
Tthe dxfﬁculty of the training session has been shown to corrcspond to thc percent heart
rate rcscrve, to lhc portion of the session In whlch the heart rate is in common blood
lactate deﬁned training zones, and to the summated HR score, I’he training load
calcmatéd from this technique was defined as the product of the session RPE Iand the
' session duration, Additionally, it has heen shown to be related to athletic performance
| (9).
' [n summary, the TRIMPS concept developed by Bannister et al.(1), Fitze-Clarke
et al. (6), and Morton et al. (19), and extended by others (3,8,11,20) suggests a
convenient strategy for monitoring exercise training loads. These concepts have been
shown to be useful in terms of explaining training induced changes in performance and
negative outcomes from training. However, most of the data with this technique has been

developed using relatively continuous, 83 exercise.




Interval Training

~ lmportance of In terval Trgin'ing.

The previously mentioned studies dc'uli_ng with the TRIMPS coneep!t deal mostly
withSS e‘kérci?.;e Compe'tit'i\ke athlctes however, often use interval traini'ng to énhance
- perform'mcc. It is wndcly understood that the more spccnflc 7 trammg program, the

' greater the trammg eftect (10) Trammg specnﬁmty involves stressmg certam encrgy
' systems and muscle groups unique to a desnred perform:mce. Howevcr, hlgh mtensuy
| trammg, 1 cannot be contmucd for long durat:ons without exhausting the athlete. Interval
training was dcvclopcd as a techmque to- allow a falrly large volume of hlgh intensity
specific training without incurring unreasonable fatllgue,.
' Lﬁ_lgfﬁt_gf Inte;vai ’I‘faining

Interval tfammg, may provide a way to stress a specific energy system .wuhout
exhausting the athlete. Gaiga and Docherty (12) studled the effect of an aerobic interval-
'training program on intermittent anaerobic performance. They found that completing 3
min work to rest intervals and progressing from 5-10 repetitions increased aerobic power
and enhanced pcrformance.in, anacrobic activities of high-intensity and short duration.

Interval training allows for periods cf rest between high-intensity work bouts.
This allows the acrobic energy system to facilitate in the removal of lactate that has
accumulated, as well as in the replenishment of energy stores in preparation for the next
high-intensity work-bout, Through removal of lactate and replenishment of energy
stores, interval training provides the athlete with the ability to do more total work at a

higher intensity. This is a critical factor in the success of an athlete's performance.




' -,Gorostlag,a et al, (13) compured mlcrval training wlth a continuous trammg They found '

that mtcrval lraming, was more cff‘ectwc than continuous trammg in lmprowng exercise

- performancc as well as VOz max.

Lmdsqy etal. (17) examined the effects of mcorporatmg a4 week high mtcnsnty

' mterval program (HIT) as a portion of an aerobic base trammg on a 40 km t1me trial

perto:mance of cycllsts. The csulls demonslrated that the HII‘ program increased the
- peak power omput”and fatigue resistance while improvmg their 40 km time trial.

In Esscn 5 (5) thesm,l lhe lfmdmark study relatwe to mterval trammg, oxygen
uptake and HR were compared dnnng mterrmltent intense exermse contmuous exercise
at Vs the work load and continuous exercise at a similar high work load. Intense
. intermittent and continuous exercise both corresponded to 50-60% VO2 max whereas,
co_ntirinus exercise at a similar high workload demanded 100% VO2 max, Similar leg
oxygen uptake, ieg respiratory cxchange ratio, and lung respiratory exchange ratio were
obscwed - intermittent intense and continuous moderate exercise, She also looked at
lactate release and found a net release during the whole period of intense intermittent
exercise in contrast to constant moderate exercise. Arterial lactate concentration
increased similarly in the early phase of continuous and intermittent exercise, but
decreased progressively thereafter in continuous exercise and remained at a constant level
throughout the remainder of intermittent exercise. During continuous high intensity
exercise there was a large decrease in muscle glycogen concentration (5). Intense

intermittent exercise displayed a glycogen saving eftect, leading to the suggestion that




: allowmg for morc efﬁclent glycogen utlllzatlon The more efﬁclent use ot‘ glycogen was

also attrtbuted to greater ox1dative metabollsm. This in depth study by Lssen relays

'_ many supportmg factors for the efﬁcmncy and effectweness of mtenmttent (1nterval) type' .

- '_ exercnse. These f'mdmgs can lead one to assume that the trammg load can be clecreased
in \ duration by usmg hlgher mtensnty 1ntervols, while still achlevmg the effect of a lower
intensity but longer SS work bout,

In conclus1on interval trammg has been shown to be an effective mode of

' trammg By prowdlng the athlete with a hlgh mtensnty work bout mterval trammg can

produce et‘fect:ve results in the performance of an athlete w:thout overworking the body

-and its energy systems. Fhe need to examine the monitoring of interval training has been

" estabhshed through lack of research in thts area, The effect of dlfferent interval

; magnitudes on measures of training intensity can provide a representation of session RPE

and the summated HR score in relation to HR,HLa, and VOz. By examining the effects

of varying the magnitude of intervals on these physiological variables an athlete should

be able to design a training program that effectively incorporates interval training.
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