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Summary
Objectives.  —  To  compare  performance  and  physiological  responses  derived  from  a  new  inter-
mittent field  test  (Test3L)  with  a  standard  continuous  test  (TestVAM),  and  to  examine  its
reproducibility.
Methods. —  A  first  part  (n  =  7)  allowed  defining  the  maximal  aerobic  speed  (MAS3L)  equations
derived from  Test3L.  A  second  part  allowed  validating  MAS3L in  43  runners,  divided  into  three
performance  groups:  G1  beginners  (n  =  22),  G2  trained  athletes  (n  =  14),  and  G3  elite  (n  =  7).
The 43  runners  performed  the  Test3L twice  to  measure  its  reproducibility.
Results.  —  The  MAS  values  measured  by  the  TestVAM (MASVAM)  were  not  significantly  different
from MAS3L,  for  each  performance  group  taken  individually  or  as  a  whole  (3Gr).  The  difference
between MASVAM and  MAS3L varied  between  0.2  and  0.4  km.h  on  average.  Similarly,  no  significant
maximum  heart  rate  (HRmax)  differences  were  found  between  both  tests.  In  contrast,  blood

lactate concentration  (LA)  was  significantly  higher  in  TestVAM compared  to  Test3L.  The  total
duration of  TestVAM was  2.74,  3.02,  2.55,  and  2.57  times  longer  for  3Gr,  G1,  G2,  G3,  respectively
compared  to  Test3L (P  <  0,01).  There  were  no  significant  differences  in  MAS,  HRmax  and  LA
between the  test—retest  procedures  for  Test3L.
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Conclusion.  —  Hence,  it  is  suggested  that  the  MAS  and  HRmax  derived  from  Test3L can  be  used
when designing  training  programs.  However,  caution  must  be  taken  with  regard  to  LA.  Addi-
tionally, Test3L is  more  or  less  2.5  times  shorter  than  TestVAM and  has  a  high  reproducibility.
© 2021  Elsevier  Masson  SAS.  All  rights  reserved.
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Reproductibilité  ;
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Résumé
Objectifs.  —  Comparer  la  performance  et  les  réponses  physiologiques  dérivées  d’un  nouveau  test
intermittent  de  terrain  (Test3L)  avec  celles  mesurées  par  un  test  de  piste  progressif  (TestVAM),
et examiner  sa  reproductibilité.
Méthodes.  —  Une  première  partie  d’étude  (n  =  7)  a  permis  la  définition  des  équations  de  déter-
mination de  la  vitesse  maximale  aérobie  (VMA3L)  à  partir  de  Test3L.  La  seconde  partie  a  comparé
la VMA3L obtenue  chez  43  coureurs  divisés  en  trois  groupes  en  fonction  de  leur  performance:
G1 débutants  (n  =  22),  G2  entraînés  (n  =  14),  et  G3  élite  (n  =  7).  Ces  athlètes  ont  effectué  deux
fois le  Test3L pour  mesurer  sa  reproductibilité.
Résultats.  —  Les  résultats  ont  montré  que  les  valeurs  de  VMA  mesurées  par  le  TestVAM (VMAVAM)
ne sont  pas  significativement  différentes  des  valeurs  de  VMA3L pour  chaque  groupe  pris  individu-
ellement  comme  pour  les  coureurs  considérés  dans  leur  ensemble  (3Gr).  La  différence  entre
VMAVAM and  VMA3L varie  entre  0,2  et  0,4  km.h−1 en  moyenne.  De  même,  aucune  différence  signi-
ficative de  fréquence  cardiaque  maximale  (FCmax)  n’a  été  observée  entre  les  deux  tests.  En
revanche,  la  concentration  en  lactates  sanguins  (LA)  était  significativement  supérieure  après
TestVAM par  rapport  à  Test3L.  La  durée  totale  du  test  TestVAM était  2,74,  3,02,  2,55,  et  2,57
fois plus  longue  par  rapport  au  Test3L pour  3Gr,  G1,  G2,  G3,  respectivement  (p  <  0,01).  Aucune
différence  significative  de  VMA,  FCmax  et  LA  entre  les  deux  répétitions  de  Test3L.
Conclusion.  — Ces  résultats  suggèrent  que  la  VMA  et  la  FCmax  dérivées  du  Test3L peuvent  être
utilisées pour  la  conception  des  programmes  d’entraînement.  Cependant,  il  faut  être  prudent
quant à  l’utilisation  de  LA.  De  plus,  le  Test3Lest  environ  2,5  fois  plus  rapide  à  mettre  en  œuvre
que TestVAM et  présente  une  reproductibilité  élevée.
© 2021  Elsevier  Masson  SAS.  Tous  droits  réservés.
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. Introduction

aximal  aerobic  speed  (MAS)  is  tightly  linked  to  run-
ing  performance  for  distances  ranging  from  800  m  to
arathon  [1—10].  Because  it  integrates  maximal  oxygen

ptake  (VO2max),  energy  cost  and  maximal  aerobic  power
10,11],  the  MAS  is  more  strongly  correlated  with  running
erformance  than  VO2max  alone  [4,12].  This  value,  which
an  be  used  directly  in  the  field,  is  of  paramount  use  in
etting  training  loads  for  physical  activities  which  rely  pre-
ominantly  on  aerobic  energy  expenditure  [13—15].

Various  tests  were  proposed  to  measure  MAS,  which  can
e  grouped  into  two  categories  [14].  In  the  first  one,  the
AS  corresponds  to  the  speed  reached  at  the  end  of  a  test
rimarily  designed  to  determine  VO2max  during  laboratory
vents  [16].  However,  many  runners  and  trainers,  even  at
igh-level,  do  not  wish  or  do  not  have  the  possibility  to
arry  out  such  a  test  regularly  to  optimise  the  training  pro-
ess.  Indeed,  the  necessary  equipment  is  expensive  and
llows  the  measurement  of  only  one  subject  at  a  time,  lim-
ting  its  use  on  a  daily  practice  of  training,  especially  if
ne  has  to  go  to  a  specialised  laboratory  far  from  his/her
raining  facilities  [15,17].  In  the  second  category,  MAS  is
etermined  as  the  speed  achieved  during  the  last  completed
tage  in  a  continuous  incremental  and  maximum  field  test.

t  has  been  reported  that  field  assessments  have  a  better
xternal  validity  and  are  considered  more  useful  than  labo-
atory  evaluations  [17—19].  In  1980,  Léger  and  Boucher  [20]
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ublished  the  first  progressive  test  (GXT)  called  the  Uni-
ersity  of  Montreal  track  test  (UM—TT).  Thereafter,  several
rotocols  followed  [21—23].  These  tests  are  all  based  on
he  gradual  increase  in  running  speed  using  sound  signals
uring  a  continuous  run.  One  of  the  most  frequently  used
ests  for  aerobic  metabolism  evaluation  during  running  [24]
s  likely  the  ‘‘VAM-EVAL’’  test  (TestVAM)  [22],  from  the  French
itesse  aérobie  maximale  (VAM),  which  means  maximal  aer-
bic  speed,  and  EVALuation.  It  starts  at  8.5  km.h−1 and  the
peed  is  then  increased  by  0.5  km.h−1 every  minute.  How-
ver,  TestVAM has  some  limits:  the  main  one  is  the  difficulty
f  adjusting  the  speed  to  the  sound  signals  especially  for
eople  who  are  not  used  to  running  [25],  as  recently  high-
ighted  by  Pallarés  et  al.  [26].  These  authors  recommended
he  need  for  familiarisation  with  the  sound  signals  when
erforming  audio-guided  running  track  tests  to  improve  the
alidity  of  the  test.  In  addition,  many  coaches  and  athletes
o  not  always  have  the  standard  test  soundtrack,  as  well
s  the  environment  necessary  to  carry  it  out  [27].  Finally,  a
ecent  study  has  confirmed  that  the  validity  and  reliability
f  GXT  with  1-min  stage  protocols  in  runners  needs  to  be
ully  verified  [28].

Another  important  thing  is  that  the  total  test  duration
s  decisive  in  the  assessment  of  endurance  performance  in
unners  [28].  It  is  well  known  that  long  ramp  GXT,  lasting

0-30  minutes  (e.g.,  an  athlete  with  MAS  =  19  km.h−1, the
AM-EVAL  will  take  22  minutes),  would  prevent  athletes  from
chieving  their  maximal  potential  because  of  accumulative
atigue,  dehydration,  muscle  acidosis,  and  cardiovascular

.e2
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Table  1  Anthropometric  measurements  of  the  subjects.

Part  1  Part  2

All  (n  =  7)  Beginners
(n  =  2)

Trained
(n  =  3)

Elite  (n  =  2)  All  (n  =  43)  Beginners
(n  =  22)

Trained
(n  =  14)

Elite  (n  =  7)

Age  (yrs)  18.5  ±  2.4  16.0  ±  1.4  18.3  ±  1.1  21.5  ±  0.7  18.2  ±  2.2  17.0  ±  1.7  18.5  ±  0.6  21.7  ±  1.8
Weight (kg)  64.7  ±  8.4  60.5  ±  13.4  67.4  ±  9.2  69.0  ±  2.8  67.4  ±  6.8  68.7  ±  7.9  65.9  ±  6.1  66.5  ±  4.0
Height (cm) 172.4  ±  7.6 167.0  ±  8.4  171.6  ±  8.1  179.0  ±  1.4  172.7  ±5.4  170.3  ±  5.3  173.5  ±  3.8  178.5  ±  3.4
BMI (kg/m2) 21.6  ±  1.2 21.5  ±  2.6 21.8  ±  1.1  21.5  ±  0.5  22.6  ±  2.0  23.6  ±  2.0  21.8  ±  1.6  20.8  ±  0.7
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Mean (± SD) values. BMI: body mass index.

rift.  This  limit  is  thus  particularly  true  for  well-trained  and
lite  runners  [26],  for  whom  a  very  accurate  MAS  deter-
ination  is  of  utmost  importance.  To  solve  these  issues,  a

hort  duration  of  the  test  is,  therefore,  an  important  ele-
ent  to  allow  athletes  achieving  their  true  MAS  [28]. Thus,

hort  duration  tests  with  inexpensive  hardware  should  be
referred  to  favour  a  reliable  measurement  of  MAS  during
he  daily  training  process  [18].

In  this  context,  the  aim  of  this  study  was  to  present  a
ew  intermittent  field  test  to  determine  MAS,  called  three-
evel  test  (Test3L).  The  main  characteristics  of  this  test  are
o  be  shorter  than  usual  test,  and  adapted  into  three  pop-
lation  groups:  beginner,  trained  and  elite  runners.  Test3L

oes  not  require  any  particular  hardware,  and  is  simple  and
ast  to  implement  in  the  field.  It  also  allows  a  large  number
f  athletes  to  be  tested  at  the  same  time.  Thus,  Test3L can
e  repeated  regularly  during  the  different  cycles  of  a  sports
eason  in  order  to  verify  the  training  process  and  prescribe
uture  training  loads.

We  compared  the  MAS  and  physiological  variables
btained  from  Test3L with  those  of  TestVAM.  We  hypothesised
hat  the  MAS  values  obtained  by  Test3L (MAS3L)  would  be
omparable  to  those  of  TestVAM (MASVAM),  but  with  a  shorter
unning  duration.

. Materials and methods

.1.  Subjects

he  study  has  been  divided  into  two  parts  to  validate  Test3L.
his  test  is  an  intermittent  test  that  consists  in  1  min  runs

nterspersed  by  30  sec  of  recovery,  the  number  of  runs
arying  from  3  to  7  depending  on  the  expected  runner’s  per-
ormance  (with  3  different  performance  levels;  see  Part  2
or  further  details).  MAS  is  then  calculated  from  an  equa-
ion  that  consider  the  distance  covered  and  a  mathematical
actor  related  to  the  chosen  level  (see  Part  1  for  further
etails).  The  purpose  of  Part  1  was  to  define  the  equa-
ion  that  will  allow  determining  MAS  as  a  function  of  the
istance  covered  during  the  test,  in  accordance  with  the
hosen  performance  level.  This  was  achieved  with  a  sam-
le  of  7  runners  with  various  performance  level.  For  sake
f  clarity,  the  results  related  to  Part  1  is  presented  in  the

ethod  part.  Part  2  was  dedicated  to  the  validation  of  the

elected  method  on  a  wider  sample  of  runners  (n  =  43).  As
his  is  the  main  study  part,  the  associated  results  are  pre-
ented  in  the  specific  Results  section.  All  runners  were  in
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ood  health  (no  injury  which  could  alter  running  perfor-
ance  and  physiological  response  to  exercise).  They  were

dvised  to  refrain  from  smoking,  caffeinated  and  alcohol
rinks,  and  high-intensity  exercise  during  the  48  hours  prior
o  testing.  The  study  complied  with  the  Helsinki  declaration
or  human  experimentation  and  the  participants  provided
ritten  consent  to  participate.  Approval  to  conduct  the

tudy  was  obtained  from  the  Ethics  committee  institute  of
ports  and  physical  education  at  the  University  Abdelhamid
bn  Badis  of  Mostaganem,  Algeria.

.2.  Design

.2.1.  Part  1
even  male  athletes  (2  beginner  athletes,  3  trained,  and  2
lites;  anthropometric  characteristics  presented  in  Table  1),
rst  performed  the  TestVAM to  determine  their  MAS  (MASVAM),
hich  has  been  used  as  the  reference  [22].  Seventy-two
ours  later,  they  performed  Test3L, adapted  to  their  perfor-
ance  level  (cf  infra  Part  2.  Test3L Protocol).  Beginners  (G1)
ere  defined  as  recreational  runners  (non-competitors)  who

tarted  training  (less  than  three  months  of  regular  training,
rained  2—3  times  a  week).  Trained  (G2)  were  defined  as
unners  that  regularly  compete  at  the  national  level,  and
ho  trained  for  more  than  3  years  of  training  on  a  regu-

ar  basis  (5  times/week).  Elite  (G3)  were  defined  as  runners
hat  regularly  compete  at  the  international  level,  and  who
rained  for  more  than  3  years  of  training  on  a  regular  basis
7—9  times/week).

As  one  of  the  Test3L characteristics  is  to  be  intermit-
ent,  recovery  periods  (30  sec)  allow  subjects  to  run  longer
istances  than  if  the  exercise  had  been  carried  out  contin-
ously.  This  means  that  the  average  run  speed  during  Test3L

verestimates  the  run  speed  that  could  be  obtained  during  a
ontinuous  run  of  similar  duration.  We  thus  conducted  Part

 study  to  find  3  equations,  which  match  the  MAS  of  Test3L

o  that  of  the  TestVAM, for  each  performance  level.
The  average  distances  achieved  at  the  end  of  Test3L

ere  862.5  ±  3.5  m,  1495.3  ±  53.3  m,  2547.5  ±  26.1  m  for
1,  G2,  G3,  respectively,  whereas  the  MASVAM obtained
ith  the  same  athletes  were  14.7  km.h−1 ±  0.2  for  G1;
6.4  km.h−1 ±  0.3  for  G2;  20.5  km.h−1 ±  0.4  for  G3.  The  max-

mum  heart  rate  (HRmax)  measured  at  the  end  of  Test3L

nd  TestVAM were  195  ±  2  vs.  195  ±  0  bpm  for  G1;  191  ±  3
s.  191  ±  0  bpm  for  G2;  191  ±  0  vs.  188  ±  1  bpm  for  G3.  The
omogeneity  of  the  HRmax  values  at  the  end  of  both  tests

.e3
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llowed  confirming  that  maximal  exertion  was  obtained  at
he  end  of  the  Test3L.

Based  on  these  results,  a  mathematical  factor  (F)  to  cor-
ect  the  mean  speed  obtained  during  Test3Lwas  obtained  as
ollows:

 = Distance  travelled (m)

MASVAM
(
km.h−1)

hich  corresponds  to:

1  (Beginners)  :  F  = 862
14.7

=  58

2  (Trained)  :  F  = 1495
16.4

=  91

3  (Elite) :  F  = 2547
20.5

=  124

Hence,  the  equations  to  obtain  MAS3L correspond  to:

1  :  MAS3L

(
km.h−1) = D

58

2  :  MAS3L

(
km.h−1) = D

91

3  :  MAS3L

(
km.h−1) = D

124

D  is  the  total  distance  (in  meters)  travelled  by  the  runner.

.2.2.  Part  2
orty-three  healthy  male  athletes  of  different  levels  (G1,

 =  22;  G2,  n  =  14;  G3,  n  =  7)  voluntarily  participated  in  the
econd  part  of  the  study  (anthropometric  characteristics  are
resented  in  Table  1).

After  learning  of  the  experimental  conditions,  partici-
ants  performed  3  testing  protocols  at  least  72  hours  apart
random  order):

 a  TestVAM in  order  to  determine  MASVAM,  which  will  serve
as  the  reference;

 a  first  Test3L;
 a  second  Test3L to  assess  the  reproducibility  of  the  new

test.

All  tests  were  performed  on  a  400  m  running  track  (syn-
hetic  surface)  at  the  same  hour  of  the  day  (16  h)  3  hours
fter  eating  and  under  the  same  experimental  conditions
temperature  between  17  and  21 ◦C  and  runway  wind  speed
etween  1.2  m/s  and  1.5  m/s  measured  by  a  weather  sta-

ion:  PCE-AM81,  PCE  Instruments®,  Strasbourg,  France).  The
Rmax  was  measured  continuously  using  the  heart  rate  mon-

tor  (Polar  RS300x,  Kempele,  Finland)  in  order  to  determine
he  maximum  heart  rate  (average  during  the  final  15  seconds

T
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f  the  test).  The  theoretical  maximum  heart  rate  (220-age)
as  also  calculated.  Blood  lactate  was  measured  at  rest  (LT-
710,  Lactate  Pro,  Kyoto,  Japan),  at  the  end  of  each  test,
t  the  3  minutes  of  recovery.

.3.  Test3L Protocol

he  test  was  carried  out  in  a  400  m  outdoor  flat  track,  with
 whistle  and  stopwatch.  The  Test3L is  adapted  to  three
ategories  of  runners  with  different  physical  abilities:  begin-
er,  trained  and  elite.  For  beginners,  it  will  be  a  matter
f  running  the  greatest  possible  distance  in  3  ×  1  minutes
ith  30  seconds  of  active  recovery  between  repetitions  in
opping  on  the  spot  or  walking  (recovery  around  the  first-
inute  stopping  point,  which  will  later  be  the  starting  point

f  the  second  minute,  and  so  forth);  in  the  trained  athlete,
t  will  be  a  matter  of  running  the  greatest  possible  distance
n  5  ×  1  minutes  with  30  seconds  of  active  recovery  between
epetitions  and;  in  the  elite  athlete,  it  will  be  a  matter  of
unning  the  greatest  possible  distance  in  7  ×  1  minutes  with
0  seconds  of  active  recovery  between  repetitions.  MAS3L

as  thus  calculated  for  each  population  using  equations  pre-
iously  determined  (see  Part  1).

.4.  TestVAM

his  test  consists  to  follow  race  speed  controlled  by  audio
eeps  on  a  pre-recorded  file.  Cones  were  placed  every  20  m
long  the  track  as  a  reference.  Participants  had  to  reach
ones  on  each  beep  and  adjusted  their  running  speed  to
he  cones  placed  at  20-m  intervals.  The  test  ended  when
he  subject  could  not  keep  the  imposed  pace  by  the  audio
eep  and  failed  to  reach  the  next  pylon  for  3  consecutive
ccasions.  Initial  speed  was  set  at  8.5  km.h−1 and  increases
y  0.5  km.h−1 every  minute  until  exhaustion.  The  MASVAM

orresponds  to  the  speed  at  the  last  completed  stage  [22].

.5.  Statistical  analysis

tandard  statistical  methods  were  used  for  the  calcu-
ation  of  mean  ±  SD,  separately  for  each  group  as  well
s  for  all  the  runners  grouped  together  (3Gr).  Pearson
roduct—moment  correlations  were  used  to  assess  the  rela-
ionships  between  variables.  Normality  of  data  was  checked
sing  the  Shapiro—Wilk  test.  Student’s  t-test  for  paired  sam-
le  was  used  to  compare  the  differences  between  both
ests.  Absolute  agreement  between  tests  was  determined
sing  limits  of  agreement  analysis  (Bland—Altman  plot).  The
eproducibility  was  assessed  using  the  coefficient  of  vari-
tion  (CV)  and  the  intraclass  correlation  coefficient  (ICC).
tatistical  significance  was  set  at  P  <  0.05.  Statistical  anal-
ses  were  performed  using  SPSS  version  20.0  for  Windows
SPSS  Inc.,  IBM,  Chicago,  USA).

. Results
he  total  duration  of  TestVAM was  3.0  ±  0.7,  2.5  ±  1.7,  and
.5  ±  1.1  times  longer  for  G1,  G2,  G3  than  Test3L respectively
P  <  0.01,  Table  2).  Figs.  1—4A  show  the  linear  regressions
etween  MAS  values  obtained  with  both  tests  for  3Gr  and
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Table  2  Physiological  characteristics  and  the  performance  realised  during  both  tests  (part  2).

Tests  and  variables  3Gr (n  =  43)  Beginners  (n  =  22)  Trained  (n  =  14)  Elite  (n  =  7)

MAS  (km.h−1)
Test3L 15.8  ±  2.7  13.8  ±  0.6  16.5  ±  0.5  21.1  ±  0.8
TestVAM 16.1  ±  2.5  14.0  ±  0.3  16.9  ±  0.8  20.9  ±  0.5
CC 0.93  0.27  −0.68  0.28
P 0.098  0.056  0.205  0.422
Retest3L 15.9  ±  2.6 13.8  ±  0.6 16.5  ±  0.4 21.0  ±  0.7
CC test—retest  reliability 0.99  0.97  0.87  0.99
ICC test—retest  reliability  0.99  0.96  0.85  0.98
CI 95%  (0.995—0.999)  (0.92—0.98)  (0.61—0.95)  (0.85—0.99)
CV (%)  test—retest  reliability  16.9  5.0  2.6  3.7

HRmax (bpm)
Test3L 192.4  ±  3,3  193.9  ±  3.8  191.0  ±  2.2  190.7  ±  1.3
TestVAM 193.0  ±  3.4  194.3  ±  3.7  191.8  ±  2.7  191.4  ±  1.7
Theoretical  HRmax  201.7  ±  2.2  202.9  ±  1.7  201.5  ±  0.6  198.2  ±  1.8
CC 0.82  0.79  0.83  0.48
P 0.054  0.389  0.068  0.283
Retest3L 192.6  ±  3.6  193.9  ±  3.8  191.8  ±  2.5  190.2  ±  3.4
CC test—retest  reliability  0.85  0.86  0.81  0.80
ICC test—retest  reliability  0.84  0.86  0.80  0.55
CI 95%  (0.73—0.91)  (0.70—0.94)  (0.49—0.93)  (−0.24—0.90)
CV (%)  test—retest  reliability  1.8  2.0  1.2  0.7

LA (mmol.L−1)
Test3L 10.7  ±  1.5  9.4  ±  0.6  11.7  ±  0.3  13.1  ±  0.2
TestVAM 11.1a ±  1.5  9.7a ±  0.8  11.9a ±  0.3  13.4a ±  0.3
CC 0.97  0.80  0.87  0.64
P P  <  0.01  0.001  P  <  0.01  0.020
Retest3L 10.8  ±  1.5  9.5  ±  0.7  11.7  ±  0.5  13.1  ±  0.2
CC test—retest  reliability  0.97  0.80  0.91  0.89
ICC test—retest  reliability  096  0.79  0.88  0.85
CI 95%  (0.95—0.98)  (0.57—0.91)  (0.68—0.96)  (0.38—0.97)
CV (%)  test—retest  reliability  14.2  6.7  3.3  1.7

Total duration  (min)
Test3L —  4.0  ±  0.0  7.0  ±  0.0  10.0  ±  0.0
TestVAM —  12.1b ±  0.7  17.9b ±  1.7  25.7b ±  1.1

P: P value; CV (%): coefficient of variation; CC: correlation coefficient; ICC: intraclass correlation coefficient; CI 95%: the 95% confi-
dence interval; MAS: maximal aerobic speed; HRmax: maximum heart rate; LA: blood lactate concentration; Test3L: three-level test;
TestVAM: VAM-EVAL test.
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Significant difference (P < 0.05).
b Significant difference (P < 0.01).

or  each  group  separately.  No  significant  MAS  differences
ere  found  between  the  two  tests  for  3Gr  or  for  each  group

aken  individually.  The  high  value  of  the  correlation  coeffi-
ient  calculated  from  MAS3L and  MASVAM for  3Gr  (r  =  0.93;

 <  0.05)  shows  that  these  two  MAS  were  linked  to  each
ther,  despite  slightly  lower  correlations  for  groups  1  and

 (Table  2).  Similarly,  systematic  biases  (0.24  km.h−1 for
Gr;  0.27  km.h−1 for  G1;  0.45  km.h−1 for  G2;  −0.28  km.h−1

or  G3)  and  limits  of  agreement  (−2.08—2.08  km.h−1 for
Gr;  −0.96—1.51  km.h−1 for  G1;  −2.05—2.96  km.h−1 for  G2;
2.01—1.43  km.h−1 for  G3)  are  low.

No  significant  HRmax  differences  were  found  between
est3L and  TestVAM.  HRmax  corresponded  to  95%,  94%,  96%,

5%  of  the  theoretical  HRmax  for  3Gr,  G1,  G2,  G3  during
est3L (Table  2).  However,  blood  lactate  concentrations  at
he  end  of  TestVAM were  significantly  higher  than  that  mea-
ured  at  the  end  of  Test3L (Table  2).

d
w
o
t

xxx
No  significant  difference  was  found  when  comparing  the
wo  Test3L.  Whatever  the  group,  MAS,  HRmax  and  LA  were
ery  close  with  low  coefficients  of  variation  (Table  2).  Thus,
he  intraclass  correlation  coefficient  calculated  for  3Gr  illus-
rates  a  high  level  of  test−retest  reliability.  The  reliability
or  the  3  groups  was  also  excellent  (Table  2).

. Discussion

he  main  objective  of  the  present  study  was  to  evaluate
he  reliability  and  reproducibility  of  MAS  obtained  with  a
ew  intermittent  running  test  (Test3L) compared  to  a  tra-

itional  test  (TestVAM) [22], in  three  populations  of  runners
ith  different  training  and  performance  characteristics.  To
ur  knowledge,  no  previously  reported  MAS  test  explicitly
ook  into  account  the  a  priori  performance  level  of  the
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Figure  1  A.  Linear  regression  between  MAS3L and  MASVAM (3Gr).  B.  Analysis  of  Bland—Altman  plot  of  MAS  obtained  with  Test3L and
TestVAM.  The  dashed  lines  indicate  95%  limits  of  agreement  (3Gr).
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igure  2  A.  Linear  regression  between  MAS3L and  MASVAM (G1
estVAM.  The  dashed  lines  indicate  95%  limits  of  agreement  (G1)

ested  runner.  Yet,  this  represents  a  concept  often  over-
ooked  by  coaches:  the  adaptation  of  a  testing  procedure  to
he  tested  participant.  The  results  showed  that  the  MAS  val-
es  obtained  were  not  significantly  different  for  each  group
aken  individually  or  as  a  whole.  Similarly,  no  differences  in
Rmax  were  observed,  despite  the  significantly  lower  end
f  effort  lactatemia  with  Test3L.

In our  study,  the  difference  between  MAS3L and  MASVAM

aried  from  0.2  km.h−1 to  0.4  km.h−1 on  average.  The  MASs
ere  very  similar,  given  that  28  out  of  43  athletes  (or  2/3)
ave  a  gap  of  less  than  1  km.h−1,  with  a  risk  of  overall  error
hat  never  exceeded  1.7  km.h−1.  Similar  to  our  observa-
ions,  Berthon  et  al.  [7]  showed  that  the  mean  MAS  obtained
rom  a  5-min  running  field  test  (14.8  km.h−1)  was  not  signifi-
antly  different  from  the  UM—TT  (14.6  km.h−1).  Carminatti
t  al.  [24]  have  found  similar  MAS  values  by  comparing  an
ntermittent  progressive  test  (Carminatti  test)  and  the  VAM-
VAL  test,  with  a  very  high  correlation  (r  =  0.98).  Similarly,
ellenger  et  al.  [18]  compared  the  MAS  obtained  in  the

M—TT  and  MAS  through  set  distance  time-trials  between
.600  and  2.200  m.  The  authors  found  no  significant  dif-
erence  between  the  two  tests.  Furthermore,  in  our  study,

T

o

xxx
.  Analysis  of  Bland—Altman  plot  of  MAS  obtained  in  Test3L and

land—Altman’s  analysis  showed  an  acceptable  concordance
n  training  process  between  MAS3L and  MASVAM (Figs.  1—4B),
ith  95%  of  the  differences  found  to  be  within  the  limits
f  agreement  of  ±  2  km.h−1.  These  limits  are  greater  than
hose  reported  by  Carminatti  et  al.  [24]  which  showed  that
he  individual  variation  was  about  ±  0.5  km.h−1 of  the  refe-
ence  value.

In  the  present  study,  HRmax  obtained  during  Test3L was
ot  significantly  different  from  HRmax  obtained  during
estVAM. These  values  were  significantly  related  (Table  2),
nd  were  close  to  the  maximal  theoretical  value,  in  accor-
ance  with  the  fact  that  such  a  test  should  be  near  maximal
29,30].  This  result  was  in  line  with  those  of  Berthon  et  al.
7]  who  found  that  the  HRmax  obtained  in  a  5-min  running
eld  test  (191.8  ±  8.1  bpm)  was  similar  to  that  obtained
rom  the  UM—TT  (192.6  ±  7.7  bpm),  and  of  Dupont  et  al.  [31]
ho  found  similar  values  comparing  the  UM—TT  (192.3  ±  8.0
pm)  and  Yo-Yo  intermittent  recovery  test  (191.4  ±  7.8
pm).  All  correlations  presented  in  Table  2  confirm  that

est3L can  be  used  to  determine  the  HRmax.

Blood  lactate  is  also  a  commonly  used  indicator  to  find
ut  if  exercise  was  carried  maximally  [30].  The  results  of
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Figure  3  A.  Linear  regression  between  MAS3L and  MASVAM (G2).  B.  Analysis  of  Bland—Altman  plot  of  MAS  obtained  in  Test3L and
TestVAM.  The  dashed  lines  indicate  95%  limits  of  agreement  (G2).
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igure  4  A.  Linear  regression  between  MAS3L and  MASVAM (G3
estVAM.  The  dashed  lines  indicate  95%  limits  of  agreement  (G3)

his  work  showed  that  the  mean  lactate  values  are  0.2  to
.4  mmoL  higher  with  TestVAM than  with  Test3L. This  small
ignificant  difference  can  be  explained  by  several  factors.
ndeed,  an  increase  in  the  speed  of  0.5  km.h−1 between  two
evels  during  TestVAM penalised  athletes  at  the  end  of  the
ace,  in  soliciting  ‘‘abruptly’’  lactic  glycolysis  to  face  this
udden  increase  in  race  speed.  In  addition,  TestVAM dura-
ion  is  longer  than  Test3L,  involving  the  anaerobic  glycolysis
t  a  higher  level  and  favouring  the  accumulation  of  blood
actate.  The  most  important  factor  may  be  the  recovery
etween  each  minute  of  the  race  in  Test3L.  It  is  known  that
ntegration  of  an  active  recovery  during  intermittent  exer-
ise  decreases  lactate  dissemination  and  promotes  aerobic
lycolysis  [32].  The  fact  that  the  same  MAS  values  were
eached  with  lower  lacatemia  during  Test3L pointed  out  that
his  test  may  be  less  burdensome  for  the  runner  and  that
he  latter  can  repeat  the  test  more  frequently  during  the
raining  process.

Therefore,  the  results  of  our  study  showed  that  Test3L
as  reliable  for  measuring  MAS.  This  new  test  appeared  as  a
alid  alternative  to  traditional  track  tests,  which  are  gener-
lly  longer.  Indeed,  with  TestVAM,  a  well-trained  subject  can
un  more  than  25  min  while  a  beginner  runs  less  than  11  min,

p
[
M
[

xxx
.  Analysis  of  Bland—Altman  plot  of  MAS  obtained  in  Test3L and

s  observed  in  this  study.  The  advantage  of  the  TestVAM is  that
he  first  stages  are  used  as  a  warm-up  (time  that  must  be
dded  to  our  test).  But,  the  distinct  disadvantage  is  that  the
uration  and  intensity  of  the  warm-up  which  corresponds
o  the  first  stages  of  the  TestVAM vary  with  physical  fitness.
ndeed,  the  less  trained  a subject,  the  shorter  and  more
ntense  the  warm-up.  The  same  observation  has  also  been
eported  by  Berthon  et  al.  [7]  while  performing  the  UM-TT.
hus,  compared  to  the  TestVAM,  the  differences  in  race  time
etween  the  Test3L and  TestVAM can  be  considerable.  Based
n  our  study,  Test3L is  more  or  less  2.5  times  shorter  than
estVAM.  It  is  thus  easier  to  use  it  repeatedly  during  the  train-
ng  routine.  It  was  well  known  that  the  test  itself  produces
atigue,  and  therefore  must  not  overstep  certain  limits  [7].
nother  advantage  of  Test3L is  that  it  is  not  based  on  the
se  of  a  beep  sound  and  several  runners  could  be  tested
t  a  time,  creating  emulation  that  faithfully  reproduces  the
unning  competition.

The  choice  of  the  duration  of  each  level  in  Test3L was

roposed  in  reference  to  the  time  limit  at  MAS  (Tlim  at  MAS)
33].  It  is  known  that  Tlim  at  MAS  is  correlated  with  the
AS  [34], although  there  is  wide  inter-individual  variability

6,35]. The  running  times  (3  to  7  min)  proposed  in  our  study

.e7



 IN+Model
S

urot,

w
B
e
i
l
m
T

o
C
b
t
I
c
w
[
r
i
e
r
t

5

I
r
a
d
p
l
A
s
t
t

D

T

A

T
f
(

R

[

[

[

[

[

[

[

[

[

[

[

ARTICLECISPO-3510; No. of Pages 9

S.  Benhammou,  L.  Mo

ere  consistent  with  the  Tlim  at  MAS  values  reported  by
illat  and  Koralsztein  [6]  (between  3  and  9  min)  or  Billat
t  al.  [35]  (between  2  min  30s  and  10  min),  and  respect  the
nter-individual  differences.  Our  three  levels  test  creates  a
ink  between  the  athlete’s  potential  and  the  measurement
ethod  of  MAS,  which  makes  it  more  individualised,  unlike

estVAM.
The  second  purpose  was  to  check  the  reproducibility

f  Test3L.  Clinical  studies  have  suggested  that  tests,  with
V  values  of  less  than  10%  and  CCI  above  0.75,  should
e  considered  as  capable  of  determining  practical  accep-
ance  of  clinical  variations  [36].  In  our  study,  the  CV  and
CC  test—retest  values  for  MAS  showed  that  Test3L is  suffi-
iently  reproducible  for  all  three  levels.  This  reproducibility
as  similar  to  other  studies  (CV  =  2.7—4.9%,  ICC  =  0.81—0.93)

23,37,38].  Another  important  result  of  this  study  is  the  good
eproducibility  of  HRmax  slightly  smaller  than  that  observed
n  the  Carminatti  test  [37]  (CV  =  2.0—2.5%)  for  young  play-
rs  (U12  and  U14).  In  addition,  lactatemia  has  also  a  high
eproducibility,  with  CV  values  lower  than  that  observed  for
he  45—15  test  [39]  (CV  =  22.7%).

. Conclusions

n  conclusion,  the  three-level  test  allowed  obtaining  a
eproducible  MAS  comparable  to  a  traditional  test,  such
s  VAM-EVAL.  Hence,  MAS,  as  well  as  maximum  heart  rate
erived  from  Test3L,  could  be  used  when  designing  training
rograms.  However,  caution  must  be  taken  with  regard  to
actatemia.  In  addition,  Test3L had  a  high  reproducibility.
lthough  this  study  highlights  the  importance  of  Test3L,  it
hould  be  considered  as  preliminary  and  further  studies  are
o  be  conducted  in  order  to  complete  the  validation  of  this
est.

isclosure of interest

he  authors  declare  that  they  have  no  competing  interest.

cknowledgements

he  authors  gratefully  acknowledge  Directorate  General
or  Scientific  Research  and  Technological  Development
DG—RSDT)  and  all  the  volunteers  for  their  cooperation.

eferences

[1] di Prampero PE, Atchou G, Brückner JC, Moia C. The ener-
getics of endurance running. Eur J Appl Physiol Occup Physiol
1986;55:259—66.

[2] Morgan DW, Baldini FD, Martin PE, Kohrt WM.  Ten-kilometre
performance and predicted velocity at VO2max among
well-trained male runners. Med Sci Sports Exerc 1989;21:
78—83.

[3] Lacour JR, Candau R. Vitesse maximale aérobie et per-
formance en course à pied. Sci Sports 1990;5:183—9,
http://dx.doi.org/10.1016/S0765-1597(05)80216-3.
[4] Lacour JR, Padilla-Magunacelaya S, Chatard JC, Arsac L,
Barthélémy JC. Assessment of running velocity at maximal
oxygen uptake. Eur J Appl Physiol Occup Physiol 1991;62:
77—82.

[

xxx
 PRESS
 M.I.  Mokkedes  et  al.

[5] Billat LV. Use of blood lactate measurements for prediction of
exercise performance and for control of training. Recommen-
dations for long-distance running. Sports Med 1996;22:157—75,
http://dx.doi.org/10.2165/00007256-199622030-00003.

[6] Billat LV, Koralsztein JP. Significance of the
velocity at VO2max and time to exhaustion
at this velocity. Sports Med 1996;22:90—108,
http://dx.doi.org/10.2165/00007256-199622020-00004.

[7] Berthon P, Fellmann N, Bedu M, Beaune B, Dabonneville M,
Coudert J, et al. A 5-min running field-test as a measurement
of maximal aerobic velocity. Eur J Appl Physiol Occup Physiol
1997;75:233—8, http://dx.doi.org/10.1007/s004210050153.

[8] Grant S, Craig I, Wilson J, Aitchison T. The relation-
ship between 3km running performance and selected
physiological variables. J Sports Sci 1997;15:403—10,
http://dx.doi.org/10.1080/026404197367191.

[9] Jones AM, Carter H. The effect of endurance training on
parameters of aerobic fitness. Sports Med 2000;29:373—86,
http://dx.doi.org/10.2165/00007256-200029060-00001.

10] Ali Almarwaey O, Mark Jones A, Tolfrey K. Physiolog-
ical correlates with endurance running performance in
trained adolescents. Med Sci Sports Exerc 2003;35:480—7,
http://dx.doi.org/10.1249/01.MSS.0000053723.16531.D0.

11] McLaughlin JE, Howley ET, Bassett DR, Thompson DL, Fitzhugh
EC. Test of the classic model for predicting endurance
running performance. Med Sci Sports Exerc 2010;42:991—7,
http://dx.doi.org/10.1249/MSS.0b013e3181c0669d.

12] Padilla S, Bourdin M, Barthélémy JC, Lacour JR. Physiological
correlates of middle-distance running performance. A compar-
ative study between men and women. Eur J Appl Physiol Occup
Physiol 1992;65:561—6.

13] Dupont G, Blondel N, Lensel G, Berthoin S. Critical velocity
and time spent at a high level of VO2 for short intermittent
runs at supramaximal velocities. Can J Appl Physiol 2002;27:
103—15.

14] Billat V, Berthoin S, Blondel N, Gerbeaux M. La vitesse à
VO2 max, signification et applications en course à pied. Staps
2001;54:45—61.

15] Berthoin S, Gerbeaux M, Turpin E, Guerrin F, Lensel-Corbeil
G, Vandendorpe F. Comparison of two field tests to esti-
mate maximum aerobic speed. J Sports Sci 1994;12:355—62,
http://dx.doi.org/10.1080/02640419408732181.

16] Ahmaidi S, Adam B, Préfaut C. Validité des épreuves
triangulaires de course navette de 20-m et de course
sur piste pour l’estimation de la consommation max-
imale d’oxygène du sportif. Sci Sports 1990;5:71—6,
http://dx.doi.org/10.1016/S0765-1597(05)80208-4.

17] Paradisis GP, Zacharogiannis E, Mandila D, Smirtiotou
A, Argeitaki P, Cooke CB. Multi-stage 20-m shuttle run
fitness test, maximal oxygen uptake and velocity at
maximal oxygen uptake. J Hum Kinet 2014;41:81—7,
http://dx.doi.org/10.2478/hukin-2014-0035.

18] Bellenger CR, Fuller JT, Nelson MJ, Hartland M, Buckley JD,
Debenedictis TA. Predicting maximal aerobic speed through
set distance time-trials. Eur J Appl Physiol 2015;115:2593—8,
http://dx.doi.org/10.1007/s00421-015-3233-6.

19] Los Arcos A, Vázquez JS, Villagra F, Martín J, Lerga J,
Sánchez F, et al. Assessment of the maximal aerobic
speed in young elite soccer players: université de Mon-
tréal Track Test (UM—TT) vs. treadmill test. Sci Sports 2019,
http://dx.doi.org/10.1016/j.scispo.2019.03.010.

20] Léger L, Boucher R. An indirect continuous running multistage
field test: the Université de Montréal track test. Can J Appl
Sport Sci 1980;5:77—84.
21] Léger L, Lambert J, Goulet A, Rowan C, Dinelle Y. Aerobic
capacity of 6 to 17-year-old Quebecois — 20-metre shuttle run
test with 1 minute stages. Can J Appl Sport Sci 1984;9:64—9.

.e8

http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0200
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0205
dx.doi.org/10.1016/S0765-1597(05)80216-3
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0215
dx.doi.org/10.2165/00007256-199622030-00003
dx.doi.org/10.2165/00007256-199622020-00004
dx.doi.org/10.1007/s004210050153
dx.doi.org/10.1080/026404197367191
dx.doi.org/10.2165/00007256-200029060-00001
dx.doi.org/10.1249/01.MSS.0000053723.16531.D0
dx.doi.org/10.1249/MSS.0b013e3181c0669d
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0255
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0260
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0265
dx.doi.org/10.1080/02640419408732181
dx.doi.org/10.1016/S0765-1597(05)80208-4
dx.doi.org/10.2478/hukin-2014-0035
dx.doi.org/10.1007/s00421-015-3233-6
dx.doi.org/10.1016/j.scispo.2019.03.010
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0295
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300
http://refhub.elsevier.com/S0765-1597(20)30219-7/sbref0300


 IN+Model
S

x  (xx

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[39] Castagna C, Iellamo F, Impellizzeri FM, Manzi V. Validity and
reliability of the 45—15 test for aerobic fitness in young
ARTICLECISPO-3510; No. of Pages 9

Science  &  Sports  xx

22] Cazorla G. Field tests to evaluate aerobic capacity and maximal
aerobic speed. Proceedings of the International Symposium of
Guadeloupe; 1990. p. 151—73.

23] Krustrup P, Mohr M, Amstrup T, Rysgaard T, Johansen
J, Steensberg A, et al. The yo-yo intermittent recov-
ery test: physiological response, reliability, and
validity. Med Sci Sports Exerc 2003;35:697—705,
http://dx.doi.org/10.1249/01.MSS.0000058441.94520.32.

24] Carminatti LJ, Possamai CAP, de Moraes M, da Silva JF, de Lucas
RD, Dittrich N, et al. Intermittent versus continuous incremen-
tal field tests: are maximal variables interchangeable? J Sports
Sci Med 2013;12:165—70.

25] Viale F, Ranggeh D, Nana-Ibrahim S, Martin R, Laschet
F. Élaboration d’un nouveau protocole incrémental
en rampe pour estimer la vitesse maximale aéro-
bie en course à pied. Sci Sports 2007;22:170—2,
http://dx.doi.org/10.1016/j.scispo.2007.04.007.

26] Pallarés JG, Cerezuela-Espejo V, Morán-Navarro R, Martínez-
Cava A, Conesa E, Courel-Ibáñez J. A new short track test
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