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ABSTRACT

Purpose: The self-paced maximal oxygen uptake test (SPV) may offer effective
training prescription metrics for athletes. This study aimed to examine whether
SPV-derived data could be used for training prescripbethods. Twenty-four
recreationally active male and female runners were randomly assigneztbetw
two training groups: (1) Standardisg®TND) and (2) Self-Paced (B).
Participants completed 4 running sessions a week using a global positioning
system-enabled (GPS) watch: 2 x interval sessions; 1 x recovery dir; xan
tempo run. $ND had training prescribed via graded exercise test (GXT) data,
whereas 32 had training prescribed via SPV data. STND, intervals were
prescribed as 6 x 60% of the time that velocityV@zmax (vWO2may could be
maintained (Tay. In SP, intervals were prescribed as 7 x 120 s at the mean
velocity of rating of perceived exertion 2QRPE20). Both groups used 1:2
work:recovery ratio. Maximal oxygen uptak€@®zmay), vV Ozmax Tmax vRPE20,
critical speed (CS), and lactate threshold (LT) were determined before and after
the 6-week trainingResults: STND and S-P training significantly improved
VOomaxby 4 £8% and 6 + 6%, CS by 7 + 7% and 3 + 3%; LT by 5 + 4% and 7
8%, respectively (all P < 0.05), with no differences observed betweempgr
Conclusions: Novel metrics obtained from the SPV can offer similar training
prescription and improvement in Mgy CS and LT compared to training derived
from a traditionalGXT,
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Analysis of variance
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INTRODUCTION

The graded exercise test (GXT) is a globally recognised test which offeablalu
information on key aerobic parameters such as maximal oxygen upi@ke.,

and can be used to prescribe training for both elite athletes, and recreational
exercisers. Recently, a novel approach to the traditional GXT has been proposed
termed the self-pacédO,maxtest (SPV), which consists of 5 x 2 min stages where
speed or power is freely adjusted by the participant based on otegceived
exertion (RPE) (Mauger and Sculthorpe, 2012; Borg, 1983 SPV has been
applied across a wide range of exercise modalities and ergometry despite its
relative infancy (Mauger and Sculthorpe, 2012; Chidnok et al, 2013; Strayb et al
2014; Hogg et al. 2015; Jenkins et al. 2017b; Lim et al. 2016; Scheautier
Devor, 2015).

The general consensus from published research to date suggests that the SPV
provides comparabléOzmax Values to th&XT (Chidnok et al. 2013, Hogg et al.
2015; Lim et al. 2016; Scheadler and Devor, 2015; Straub et al. 2014; éraeikn

al. 2015; Hanson et al. 2016), however the methodological differences and
contrasting populations used may make direct comparisons between studies
challenging. HigherVO,max values have been observed within the SPV test
(Mauger and Sculthorpe, 2012; Jenkins et al. 2017b; Jenkins et &d; 2@13rino

et al. 2015; Mauger et al. 2013), although all but one of these stugtiesyeling-

based. However, the findings regarding differencé&damax are less meaningful

in terms of the utility of the test, with perhaps greater emphasig Ipdaced on

the practical advantages that the SPV has over the GXT. The problems associated
with the GXT are well documentédoakes, 2008), such as the incremental fixed-
intensity nature of the testnknown test duration, and creating a test environment
that is possibly unnatural and irrelevant foeal’ sporting performancdt has
therefore been put forward that the SPV may represent a paradigm $1@iax
testing(Beltz et al. 2016), with self-paced protocols offering greater ecological
validity due to the self-paced and closed-loop nature, whilst also circtinyen

the issue of estimating the ramp-rate and starting work rate foesbarcher or
practitioner (Poole and Jones, 2017).

The GXT offers additional metrics in addition to the measuremeé¥i®ef.ax such

as the velocity atVvOzmax (WWO2may and the time in whichVOzmax can be
maintainedTmay. However, the identification ofx requires an additional test
which adds to the impracticality of the GXT. Nevertheld89;may vVOzmax and

Tmax havebeen shown to be useful and viable parameters in running trairdng an
performancéBillat and Koralsztein, 1996; Esfarjani and Laursen, 2007; Manoel
et al. 2017; Smith et al. 2003) and can be used to prescribe training arel asses
training adaptationf similar metrics for training prescription could be acquired
from the SPV, in a singular test, it would demonstrate utility over arave
traditional GXT assessment ¥2max €specially as the SPV is an effective test
for highly trained runner@logg et al. 2015; Scheadler and Devor, 2015), and has
good test-retest reliabilifenkins et al. 2017&n addition, the SPV has recently
been validated as a field tékim et al. 2016), which increases its accessibitity
avariety of athletes and coaches. Therefore, the ability to prescribe training from
the SPV would enhance the value and utility of the test. As suclstulig ained

to investigate whether training prescribed via novel metrics derived from the SPV
could result in comparable improvements in key aerobic parameters asgtrainin
formulated from traditional GXT variables.

MATERIALSAND METHODS

Participants
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Twenty-four recreationally active male (n = 16) and female runners (r{Mé3n

+ SD: Age = 30 % 9 years, body mass7é + 13 kg, height = 172 + 9 cm)
volunteered to participate in this study. Sample size was estimated from power
calculations (G-Power software, Franz Faul, Universitat Kiel, Germany) with
mean and SD data fromsimilar training study (18). The study was conducted
with the approval of the Ethics Committee of the School of SportExedcise
Sciences at the University of Kent (Approval reference: Prop01.2614All
participants who volunteered read and signed a form of written infornmse b
before participation.

Exercise Tests

Participants were randomly allocated into two groufsindardised’ (STND)

and ‘Self-paced’ (S-P). All participants completed &XT, an SPV, and a sub-
maximal lactate threshold (LT) test on a motorised treadmill (Saturn, HPg8psm
Nussdorf-Traunstein, Germany), and a critical speed (CS) test as pasetihe
testing on three separate occasions over a two wk periodv@hgix protocols
were completed in a randomised order, 2-7 days apart and at the sanfedtiye o
(2 h). Oxygen uptakeV(O,) (Metalyzer 3BR2, Cortex, Lepzig, Germany) and
heart rate (T31, Polar Electro Inc, New York, USA) were recorddtiéaturation

of the testing protocol. The online gas analysis system was califmatedo
every test in accordance with the manufacturer’s guidelines. Before each test,
participants performed a warm-up of their choice on the motorised treadmill,
which was kept the same for all subsequent testsCHtest was completed on

an all-weather synthetic 400 m running track using the methddhexl by
Galbraith (2011)Briefly, this involved three runs at distances of 3600 m, 2400
m, and 1200 m, each separated by 30 min recovery. For the lactatelihe$)
protocol, participants completed 4 min stages on the treadmill with a capillary
blood sample (Biosen C-Line, EKF Diagnostics, Barleben, Germany) taken at the
end of each stage, with the velocity increasing kynh at the beginning of each
stage Starting speed was estimated based on each participant’s individual fitness

level. The test was terminated once lactate threshold 1 (LT1) and lactate threshold
2 (LT2) had been obtained, defined as blood lactate readings of2ranubl.L-

1, respectivelyBefore each test, participants were instructed to maintain similar
eating habits, abstain from alcohol (24 h) and caffeine (8 h),t@araloid
exhaustive or vigorous exercise (48 h). These conditions were verbafigdser

by the experimenter at each test viBitllowing baseline testing all participants
then undertook a 6 wk field-based training program, consisting of high
intensity interval training sessions, one recovery run, and a teampper wk.
Training sessions were either based on data from the SPV or GXT [dependin
group allocation]. Participants completed either a GXT, or SPV mid-training
[depending on group allocation] in the thind of the training programme. This
test replaced one of the high intensity sessions for that wk, wisblgspurpose

to recalibrate interval session intensity in both grodfidaseline tests were then
repeated in the immediate two-weeks that followed the 6 wk training intemen

Graded Exercise Test (GXT)

The test commenced at a submaximal speed, gauged by the experiménter an
subject, to help bring about volitional exhaustion within 8-12 1Bipeed was
increased by 1 kin®every 2 min and the test was terminated when participants
reached volitional exhaustion. Treadmill gradient was set to 1%. All prgyio
described cardiorespiratory measures were recorded during this stage and
participants continued until volitional exhaustion. 6-20 RR&s recorded 20 s
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before the end of each stagéerbal encouragement was given throughout
vWO2max Was determined as the highest velocity that couldhdiatained for at
least 30 $Smith et al, 2003).

Determination of Fax

For the GXT, the time thaVOzmax could be maintained k) was measured in

a separate bout of exerc{@mith et al. 2003). After a 20 min recovéNpolan et

al. 2014) following the GXT, participants warmed up on the treadmill at 60%
WWO2zmax for 5 min. Participants were then allowed to stretch before remounting
the treadmill with the speed being ramped up over 30 s,Ni@HmaxWas reached.
Participants were then asked to continue until volitional exhaustion. Heart rate
and expired gas were recorded throughout this test.

Self-Paced’Ozmax Test

The SPV was completed as previously described by Hogg and coll¢20L&}s
Briefly, the SPV consisted of 5 x 2 min continuous stages with RErements

of 11, 13, 15, 17 and 20. A zonal pacing system was used Wieeresearcher
would adjust the runningpeed based on the participant’s positioning on the
treadmill. Participants were informed about the self-pacing zones before the
warm-up and then practiced moving between the zones after completing t
individualised warm-up. Familiarisation of the26-RPE scale and how to vary
their speed according to a fixed RPE was provided via verbal explandtiotop

the warm-up with specific emphasis given to considering their BP&th given
moment.

Determination o#’Oamax

Averaging ofVO, during GXT and SPV tests was performed over 30Gamax

in the GXT and SPV was defined as the high&3t averaged for 30 seconds.
plateau inVO, during the GXT was accepted if the changevi@, during the
highest 30 s average from each of the final two stages of thedestess than
half of the normal stagm-stage difference ivO, during the initial linear parts

of the test for each subjé&t As an ancillary method to verify attainment of
VOumax, Secondary criteria were accepted when two of the following were
attained: Heart ratéHR) within 10 bpm of age-predicted maximum; Respiratory
exchange ratio (RER> 1.15 and RPE 17.

Training programme

All participants completed two high-intensity interval sessions per vedeRkg

with a recovery run and a tempo run. This equated to four exerctenseper
week. Participants were free to schedule the sessions throughout eadbutveek
were encouraged to not complete interval sessions and tempo run orutigasec
days. All sessions were completed using an assigned global positioniem sys
(GPS) watch (310XT, Garmin International Inc, KS, USA), and training was
logged in a training diary

STND Group
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For each interval session, participants completed 6 interval¥’ Gimax with
duration determined as 60% ofak(Smith et al. 2003). A 2:1 ratio was used to
determine the recovery stage duratinrbetween each interval. Recovery run
intensity was calculated as 60% of their maximal heart rate{HBbtained from

the GXT. Participants were required to run for 30 min. This session wasdeuail

to help ensure participants would not be encouraged to supplement their program
with additional training.

Tempo run intensity was determined from the submaxiiiil test and
participants were required to run at a velocity calculated as 50% between LT1 and
LT2 for 30 min

S-P Group

For each interval session, participants completed 7 x 2 min intervals atayelo
corresponding to the mean velocity completed during the final (RPE2§90f

the SPV A 2:1 ratio was used to determine the recovery stage duration in-between
each interval. The recovery run was the same as intR®group, but intensity

was calculated as 60% of thélRmax obtained from the SPV

Tempo run intensity was determined by calculating the ventilatorsttble (VT)

via the V-Slope method from théO, andVCO, data collected during the SPV
(Beaver et al. 1986). The participants were then asked to run at anhRPE
corresponded with the stage of the SPV in which the VT was achieved. The
participants were asked to freely adjust their pacing to match the required RPE.

Statistical Analysis

Prior to statistical analysis, data were checked and confirmed to be normally
distributed. A paired samples t-test was performed to assess maximal value
differences between protocols. Based on the achieved effect size, aqqostieo
analysis demonstrated that the statistical power of the pre-pastMOmparison

was 0.93. To identify training responses for both training grégnesip) and GXT

and SPV protocolgprotocol) for before and after training (time-point) a mixed
model analysis of variance (ANOVA) was used. Where no interactiort eféec
identified between a variable and protocol (GXT and SPV), the protocol was
omitted from further analysisf training responses for that varialifarticipants’

CS were calculated from the field test using a linear distance-time modall Par

eta-squaredfyi) was used to report effect sizes, and statistical significance was

accepted when P < 0.05. All statistical tests were completed using SPS8 versio
24 (Chicago, IL, USA).

RESULTS
SPV vs. GXT Protocol Data

Incidence of’O; plateau in GXT and SPV Protocols

The average stage-stage increase MO for all participants was calculated as
393 + 21 mkmin’, so that a plateau phenomenon was defined as a chavige in
<197 + 10 mkmin' (or relativeVO, 2.8 mLkg*min%), between the highest 30
s average obtained from each of the final two stages of the test fqragticipant

All participants achieved either ¥O; plateau or satisfied secondary criteria
across both GXT trials before and after trainimginety-three percent of
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participants satisfied secondary criteria across both B¢ before and after
training.

Differences in test protocols

Differences in test protocols for key variables for all participants are presented in
Table 2 Pre and post-training data were combined to compare the GXT and SPV
protocols. There were no significant difference¥ @ymax between the GXT and
SPV protocols (P = .578). Maximal RER (RER was significantly greater in

the SPV compared to the GXT €R001) There was no interaction effect between
test protocol for either HRx or maximal minute ventilation @hay (P = .212; P

= .319, respectively). Protocol duration was significantly longer in K& ® <

.001). RPEax was significantly greater in the SPV (P < .001). There were no
significant differences between the velocities associatedWitnaxand RPE20

(P =.130).

STND vs. S-P Training Data

Training prescription

Total prescribed training duration over the 6 wk period for both traigingps
was not significantly different (P = .651). The STND had a prestribeal
duration of 804 + 90 min whilst the Bhad a prescribed total duratioh816 +
0 min. There was no significant difference between the mean intessiba
duration for both STND and S-P (37 + 8 vs 38 + 0 min, respegjiyel = .679).

Enter Table 1 here:

Responses to Training

Group data (pre- vs. post-training) are shown in tablés outlined in the
methods, participants were grouped into eith&d-STND, and conducted both

an SPV and GXT before and after the training intervention. There was no
interaction effect for protocol duration between time-point, protocolgaodp

(F1,22= .561, P = .462175 =.025. As shown in Figure 1 and Table 3, there was
an interaction effect betwe@fzmaxand time-point (2= 7.461, P = -012775

=.253 however there was no interaction effect observed between group &ad tim
point (F.22= .003, P = .954175 =.0001) Whilst there was an interaction effect

between ¥maxand time-point (2= 12.592, P = .00227§ =.364), there was no

interaction effect between time-point and group6= .001, P = .98,177?J =
.0001). There was no interaction effect BRmaxbetween time-point and group
(F12o= 1.063, P = .31477; = .046).

There was an interaction effect between time-point and running velatity
WRPE20 andVOzmax F1.20= 5.800, P = .02,677§ =.225. As shown in figure 2
for both groups there were no differencesVi®zmax andyRPExo before training
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(14.3 + 1.3kmh?lvs. 14.3 + 1.%&mh?, respectively), butRPE20 was greater
than,VOzmax after training (15.7 + 1.Bmht vs. 15.2 + 1.&kmh%, respectively)
CSimproved in both groups (P < .001) however there was tegaiction effect

between time-point and groupi(fz= 3.006, P = .098175 = .125) Similarly,

LT1 and LT2 improved in both groups (= 14.637P < 001, 775 = .411)
however there was no interaction effect between time-point and ¢Faup=
1.227, P = 2813 = .055).

DISCUSSION

The primary finding of tls study was that following a @k period of training,
recreational runner’s aerobic fitness and running performance was increased by a
similar magnitude, regardless of whether SPV or GXT data were used to mrescrib
training. SpecificallyVOzmaxin the SND group improved by 4%, and by 6% in
the S-P group. An improvement WOzmax in the region of ~3% has previously
been defined as a meaningful improvement in perform@dickeberg et al,
2010), as opposed to dayday variation. Previous literature has shown
improvements irVOzmax by ~6% when training at 106%/Ozmax(Franch et al,
1998) for similar training durations. However, in the aforementiongdysthe
startingVOzmax for the participants were significantly lower than those reported
in the current study, which may suggest a greater level of trainability®amax
(Swain and Franklin, 2002) compared with the participants in tirerdgustudy.
Athletes of slightly highr training status’ than those in the current study achieved

little to no improvements iVO2max OVer 4-6 weeks of similar intensity training
(Manoel et al. 2017; Smith et al. 2003; Denadai et al. 2006), but did show
significant improvements i T and 310 km running performance. Similar
running programes utilising interval training have also produced improvements
in CS(Esfarjani and Laursen, 2007). This is supported by the fisdaighe
current study that in bott8TND and S-P, CS improved by 7% and 3%
respectively. For LT1 and LT2, STND improved by 5% and 3% and§pfoved

by 7% and 8%.

An important finding of this study is that the novel trainingapaeter extracted
from the SPV,\RPE20’, is effective at prescribing running intensity for interval
training The yVOzmax for the IND before and after training was 14.3 + 0.9 vs.
15.2 + 1.0kmrh* compared to the 8% \RPEyo 0f 14.2 £ 1.9 vs. 15.7 + 1.Rmh

! respectivelylt is likely that the,RPE20 may reflect a speed betwg®¥®zmax

and the maximal velocity achieved in a GXT&). Vmaxhas recently been shown

to be as beneficial a8 Oamax for exercise prescriptiofManoel et al. 2017), and
like \RPE20 is simple to calculate. MoreovgRPE20 has been shown to be
repeatable regardless of the pacing strategy adopted during this final stage
(Hanson et al. 2017This should be reason to encourage further investigation to
assess the potential gRPE20in training prescription and its suitability as a
performance parameter

As the aim of the study was to investigate whether SPV-derived training
parameters could offer similar improvements in aerobic fithess comma@dT
prescribed training, it was important that training prescription was similar
between groups in both intensity and duratibe calculate interval duration for
the STND, 60% Tmaxwas used. Setting interval duration at 60% of an individual’s

Tmax has been shown to produce significant improvements in iaggakameters
and 3410 km running performancgsfarjani and Laursen, 2007; Manoel et al.
2017; Smith et al. 2003)n the study by Smith and colleag{2603), 60% Hhax
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resulted inan average interval duration of 6 x 133.4 + 4.1 s. This equatedto ~1
min of high intensity effort per interval session. In the aurstudy, 7 intervals
at120s [which also matadd the stage duration of the SPV] resdlin ~14 min

of high intensity effort, ensuring it was comparable to fRNES group Durations

of 2 min have been shown to elicit responses closéOkgax compared to shorter
intervalg(O’Brien et al. 2008). Longer interval work periods may have resulted in
a greateV OzmaximprovementEsfarjani and Laursen, 2007; O’Brien et al. 2008;
Seiler and Sjursen, 200t also significantly increased the interval duration. As
a consequearg, the mean prescribed training duration for each interval session
over the 6 wk training period was similar between groups (8% 38 = 0 min

for STND and S-P, respectively). Total training time over the 6-week perasd w
also similar (804 + 90 vs 816 + 0 min, foFISD and S-P respectively)

The similarVOzmax found between both protocols in this study is in line with
previous researcfChidnok et al. 2013; Hogg et al. 2015; Lim et al. 2016;
Scheadler and Devor, 2015; Straub et al. 2014; Faulkner et al. 2015; Hanson et al.
2016). Even though test duration was significantly longer in the,@}¥Ttest still

fell within the recommended duration of 8-12 miny¥son et al. 2007), and the
+WOzmaxachieved was not significantly different between protocols. Interestingly
RERmax was significantly higher in the SPV, which has been observednie s
(Mauger and Sculthorpe, 2012; Hogg et al. 2015; Jenkins et al. 201 npt all
previous SPV literature (Lim et al. 2016; Straub et al. 2014; Faulkner etlat. 20
Astorino et al. 2015). Consequently, no consensus on wheth8PW@roduces

a higher RERax can be currently drawn. However, the authors speculate that this
potential difference in RERx may be due to the higher peak velocities
experienced in the SPV compared to the GXT, indicative of a greater anaerobic
contribution towards the end of the test. This is supported by thet neoek of
Hanson and colleagué2017) who found, when comparing two SPV trials with
different RPE20 pacing strategies, that RERvas significantly greater in the
SPV that adopted the more aggressive pacing strategy.

CONCLUSIONS

The ability to prescribe training for recreationally active males and females via
SPV-derived parameters offers coaches and athletes valuable alternatives to
traditional methods. Prescribing training via the SPV is as effective but more time
economical Specifically, the same level of improvement in key aerobic fithess
parameters can be obtained when training is set via novel training pasmeter
collected from a single 10 min SPV test compared to that achieved using a GXT
and a mandatory additional test to acquireal data. This alone may make the
SPV more attractive to athletes and coaches, however, recent research regarding
a field based SPYLim et al. 2016) may emphasise this further. Whilst a field-
based SPV has been shown to produce a valid directly meagOeggl, future
research should investigate whetN&,max can be accurately estimated from the
field based SPV. If so, athletes and coaches would then be able to wufiliggea

10 min test on an athletics track, without expensive equipment, thad wffer
accurateVOzmaxestimation and data for effective training prescription. Therefore,
the current findings demonstrate that training parameters derived fra&Pihe
protocol can be used to prescribe effective running training that is similarl
effective to training prescribed fro@XT-derived parameters. Consequently, in
the group that was prescribed training using SPV-derived paramé®@#gax

LTs andCS showed similar improvements compared to runners who were
prescribed training via the velocity@0,maxandL T zoneswith training durations

and intensities suitably similar between groups throughout training
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Figure Legends
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Figure 1. Mean £ SD Differences in V&Qaxbetween the STND and IS-

training groups before and after training.

Maximal Oxygen Consumption (mL-kg"min-)
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Figure 2. Mean + SD Differences in the velociti@éOzmax andyRPE20 for alll

participants for before and after training.
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598

599
600 Table 1. Training prescription for a representative subject in both training
601 groups.
Training Prescription
Rep. Interval session x 2 Tempo Run Recovery
Subject Run
Weeks 1-3 Weeks 4-6 Weeks 1-6 Weeks 1-6
STND Work: 6 x 167 s @ 15 kitm* Work: 6 x 141 s @ 16 kitm* 30 min @ 11.3| 30min @
Recovery: 5 x 334 s @ 8 Kt Recovery: 5 x 282 s @ 8 kit kmh? 115 bpm
SP Work: 7 x 120 s @ 15.6 kim* Work: 7 x 120 s @ 16.3 kim* 30 min @ 30 min @
Recovery: 6 x 240 s @ 8 kit Recovery: 6 x 240 s @ 8 kit RPE13 114 bpm

602

603 STND = Standardised training group, S-P = Self-paced training group

604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625




626

627  Table2. Mean + SD peak values for physiological and intensity variables
628 recorded during both GXT and SPV protocols across both beforetand af
629 training for all participants.

630
Variable Protocol
GXT SPV
VO2zmax (ML -kgmin) 54 +5.8 54 +0.7
HRmax (beats/min) 186 + 12 184 +11
VEmax (L/min) 135.4 +29.4 137.2 £ 24.8
RERmax 1.15 £ 0.02 1.21 + 0.00*
vVOomax / VRPE20 (kmh™? 148+13 15+15
M ean test time (min) 11+1* 10+0
RPEmax 19+1 20 £ 0*
631

632 *Denotes significant difference within the group for the given variable between
633 pre and post testing (p<0.05).

634
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639
640
641
642
643
644
645
646
647
648
649
650
651
652
653



654  Table 3. Mean + SD maximal values for physiological and threshold variables

655 recorded before and after training for both training groups. I6T¢D all data
656 is provided via the GXT and by the SPV for th® S-

657
658
Training Group
Variable Standar dised (STND) Self-Paced (S-P)
Pre Post Pre Post

VO2zmax ( ML kg min?) 54+5.0 56.3 + 6.2* 51.7+5.3 54.8 +5.7*
VEmax (L/min) 130.2 £22.6 134.7 + 20.4* 134.3 £ 28.7 141.5 + 29.0*
HRmax (beats/min) 190+ 13 188 +£13 181 +£13 182+9
Critical speed (m.s?) 3.47 +£.03 3.70 +.03* 3.47 +.04 3.59 + .05*
LT1(kmh? 10+1.2 10.5+1.2* 9.7+15 105+ 1.3*
LT2 (kmh? 11.7+£1.2 12.2+0.8* 11.1+1.8 12.1 +1.5*

659

660  *Denotes significant difference within the group for the given variable between

661 pre and post testing (p<0.05).




