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Abstract
Pallarés, JG, Cerezuela-Espejo, V,Morán-Navarro, R,Martı́nez-Cava, A, Conesa, E, and Courel-Ibáñez, J. A new short track test to
estimate the V̇O2max and maximal aerobic speed in well-trained runners. J Strength Cond Res XX(X): 000–000, 2019—This study
was designed to validate a new short track test (Track(1:1)) to estimate running performance parameters maximal oxygen uptake
(V̇O2max) and maximal aerobic speed (MAS), based on a laboratory treadmill protocol and gas exchange data analysis (Lab(1:1)). In
addition, we compared the results with the University of Montreal Track Test (UMTT). Twenty-two well-trained male athletes
(V̇O2max 60.36 5.9ml·kg21·min21; MAS ranged from 17.0 to 20.3 km·h21) performed 4 testing protocols: 2 in laboratory (Lab(1:1)-
pre and Lab(1:1)) and 2 in the field (UMTT and Track(1:1)). The Lab(1:1)-pre was designed to determine individuals’ Vpeak and set initial
speeds for the subsequent Lab(1:1) short ramp graded exercise testing protocol, starting at 13 km·h21 less than each athlete’s
Vpeak, with 1 km·h21 increments perminute until exhaustion. The Track(1:1) was a reproduction of the Lab(1:1) protocol in the field. A
novel equation was yielded to estimate the V̇O2max from the Vpeak achieved in the Track(1:1). Results revealed that the UMTT
significantly underestimated the Vpeak (24.2%; bias 5 20.8 km·h21; p , 0.05), which notably altered the estimations (MAS: 2
2.6%, bias 5 20.5 km·h21; V̇O2max: 4.7%, bias 5 2.9 ml·kg21·min21). In turn, data from Track(1:1) were very similar to the
laboratory test and gas exchange methods (Vpeak: 20.6%, bias 5 ,0.1 km·h21; MAS: 0.3%, bias 5 ,0.1 km·h21; V̇O2max:
0.4%, bias 5 0.2 ml·kg21·min21, p . 0.05). Thus, the current Track(1:1) test emerges as a better alternative than the UMTT to
estimate maximal running performance parameters in well-trained and highly trained athletes on the field.
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Introduction

Endurance training based on individual physiological events is
effective to enhance training responsiveness and maximize car-
diorespiratory, neuromuscular, and functional adaptations (40).
This training method requires determining individualized in-
tensities corresponding to physiological milestones, such as the
maximal oxygen uptake (V̇O2max) and the lactate/aerobic-
anaerobic thresholds (13,16,34,36,37). An accurate identifica-
tion of these individual milestones will depend on the testing
procedures (4,18,19). Therefore, variations in the testing protocol
configuration (e.g., warm-up, workload increments, and total test
duration) are decisive in the assessment of endurance perfor-
mance (11,33).

It is well known that graded exercise testing (GXT), using
metabolic systems under laboratory conditions, is the most ac-
curate method to assess physiological responses to exercise in
endurance sports (3). In particular, ramp protocols, in which the
speed increases in a continuous fashion rather than in bouts
(e.g., multistage protocols), are especially recommended for
maximal cardiovascular testing and predicting the metabolic
cost at individual workload (31,32). Numerous studies confirm
that short ramp GXT, lasting 10–14 minutes, are the most ap-
propriate assessment to identify individual physiological events
in cyclists (14,24,25,28,33) and runners (11,31,32). The main
reason for this choice is that longer protocols (lasting 20–30

minutes) or multistage tests (i.e., speed increments every 2–3
minutes) would prevent athletes from achieving their maximal
potential because of accumulative fatigue, dehydration, muscle
acidosis, and cardiovascular drift (4,18,32). However, the use of
laboratory testing procedures is limited by the requirement of
sophisticated equipment that most coaches and athletes are not
equipped with or cannot afford. Furthermore, treadmill testing
with a metabolic cart is impractical for routine athlete assess-
ment and load adjustment compared with field-based and out-
door assessment using portable technologies. Unfortunately, the
technology available for quantifying and monitoring running
performance in outdoor conditions such as running power
output is still limited (2). Thus, indirect estimations from track
tests are, to date, the best alternative for determining individual
training intensities in running, when laboratory equipment is
not available.

There are 2 main running intensities that coaches can analyze
using track tests: the peak velocity (Vpeak) and the maximal
aerobic speed (MAS). The Vpeak is the highest speed attained
during a test, whereas the MAS is the lowest speed that elicits the
V̇O2max (20). TheMAS is a reference value to determine training
intensity and workload distribution in endurance sports based on
the aerobic performance limits (39). Given the similarity between
Vpeak and MAS intensities (11), running track tests use the
Vpeak to estimate the V̇O2max and the corresponding MAS
(5,6,21), if no metabolic system is available. Hence, bringing
athletes to their maximal aerobic performance (i.e., V̇O2max) is
an essential requirement when designing running track tests to
measure athletes’ endurance performance in the field (18).

Address correspondence to Dr. Jesús G. Pallarés, jgpallares@um.es.

Journal of Strength and Conditioning Research 00(00)/1–6

ª 2019 National Strength and Conditioning Association

1

Copyright © 2019 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

mailto:jgpallares@um.es


The University of Montreal Track Test (UMTT) is the most
famous test to estimate essential running parameters in the field
(21). The UMTT follows a multistage GXT protocol with 1 km·h21

increments every 2 minutes (1:2 ratio) to estimate the V̇O2max and
MAS from the Vpeak attained. The MAS is considered as the speed
reached at the last wholly completed stage (e.g., if the last speed
[Vpeak] is 18.5 km·h21, the MAS is 18 km·h21) (20). Using this
simple speed-based calculation, a variety of authors have published
their ownUMTTmodification, including slight variations on testing
procedures such as distance between pylons, stage duration, initial
speed, and warm-up (7,9,10).

Despite the fact that nowadays most coaches are designing their
training plans based on the speed-based estimations derived from
these track tests, some issues canquestion its validity. First, these tests
follow long multistage protocols that require athletes to run for
a notably long time until exhaustion, especially in well-trained and
elite runners (e.g., for a given athlete with MAS 5 20 km·h21, the
UMTTwill take 24minutes). As previously noted, this long duration
might raise some doubts on whether the Vpeak attained during the
test reflects the athletes’ true maximal physiological potential
(8,18,26,28). Likewise, the laboratory protocols used to validate
these track tests followed the same long multistage protocol; conse-
quently, the measures obtained from both are equally limited
(7,9,10). Finally, in all these tests, the speed increases in long bouts
rather than progressively, which could impede the athletes reaching
their realmaximal cardiorespiratoryperformance (32).Toovercome
these issues, short ramp GXT protocols including 1 km·h21 incre-
ments every 1 minute (1:1 ratio) seem to be a better alternative for
running performance assessment in the field (11,31,32). Notwith-
standing the aforementioned, although this protocol has been
proven in the laboratory (Lab(1:1)) (11), to the best of our knowledge,
there is no alternative running track test available for runners.

Therefore, the aim of this study was to validate a new short
track test with 1 km·h21 increments every 1 minute (Track(1:1)) to
estimate running performance parameters (V̇O2max and MAS),
based on a laboratory treadmill protocol and gas exchange data
analysis (Lab(1:1)). In addition, we compared the results with the
UMTT, a multistage longer protocol with 1 km·h21 increments
every 2 minutes.

Methods

Experimental Approach to the Problem

Participants performed 4 testing protocols: 2 in the laboratory
(Lab(1:1)-pre and Lab(1:1)) and 2 in the field (UMTTandTrack(1:1)).
Evaluations took place in 4 separate dayswith 48–72 hours rest in
between. On the first day, participants performed a preliminary
laboratory test using a treadmill and metabolic cart, following
a short ramp GXT protocol with 1 km·h21 increments every 1
minute (Lab(1:1)-pre), as described elsewhere (11). Measures from
the Lab(1:1)-pre were used to determine individuals’Vpeak. On the
second day, participants visited the laboratory again to perform
another GXT test following the same protocol (Lab(1:1)) but set-
ting the initial running speed according to each participant’s
Vpeak (i.e., starting at 13 km·h21 less than each athlete’s Vpeak),
previously determined in the Lab(1:1)-pre. Measures from the
Lab(1:1) were considered as the gold standard for the validity
analysis. On the third day, participants completed the multistage
UMTT (21). On the fourth day, they completed the Track(1:1),
a reproduction of the Lab(1:1) protocol in the field, following the
same individual workload adjustment. Participants’ heart rate

(HR) was continuously monitored (V800; Polar, Kempele, Fin-
land) in each test.

Subjects

Twenty-two trained male athletes (5,000–21,000 m) and tri-
athletes (5,000 and 10,000 m) volunteered to participate in this
study (mean 6 SD: age 25.7 6 7.9 years (all subjects 18 years or
older), bodymass 67.346 6.5 kg, height 175.96 5.0 cm, body fat
11.36 1.8%, V̇O2max 60.36 5.9ml·kg21·min21, and endurance
training experience 7.3 6 4.0 years). All participants were com-
peting at regional and national level races and following a regular
training load of 4–6 days per week, 1–2 hours per day. Measure-
ments were obtained during the precompetitive season. All par-
ticipants were familiarized with the testing procedures used in this
investigation. They underwent a complete medical examination
(including ECG) that showed all were in good health. No physical
limitations or musculoskeletal injuries that could affect testing
procedures were reported. None of the subjects were taking drugs,
medications, or dietary supplements known to influence physical
performance. The Bioethics Commission of the University of
Murcia approved the study, which was conducted according to the
Declaration ofHelsinki. Subjects were verbally informed about the
experimental procedures and possible risks and benefits. Written
informed consent was obtained from all subjects.

Procedures

Laboratory-Individualized Short Ramp Graded Exercise Testing
Protocol. This protocol involved 2 laboratory tests using treadmills
and metabolic carts (Lab(1:1)-pre and Lab(1:1)), following a short ramp
GXT with 1 km·h21 increments every 1 minute, as described else-
where (11). Both tests were performed on the same treadmill (HP
Cosmos Pulsar; H Cosmos Sports & Medical GMBH, Nussdorf
Traunstein,Germany)with an incline of 1.0% (17). Evaluationswere
performedunder the similar environmental conditions (21–24°Cand
45–55% relative humidity) at the same time of the day (16:00–19:00
hours) to minimize the circadian rhythm effects (30). Air ventilation
was controlledwith a fan positioned 1.5m from the subject’s chest at
a wind velocity of 2.55 m·s21. Ventilatory performance (V̇O2,
V̇O2max, and ventilation) was recorded on a breath-by-breath basis
using a metabolic cart (MetaLyzer 3B-R3; Cortex Biophysik GmbH,
Leipzig, Germany). A standardized warm-up was performed before
each test. The preliminary test (Lab(1:1)-pre) was made under medical
supervision to discard cardiovascular diseases and determine the
athletes’ Vpeak. The second test (Lab(1:1)) was individualized based
on the Vpeak previously determined, as follows: the starting velocity
was set at 13 km·h21 slower than each athlete’s Vpeak, after which
the workload increased 1 km·h21 per minute until exhaustion.
Maximal effort criteria were considered to verify the outcomes (1). If
verified, theMAS was determined as the first running velocity where
V̇O2maxwas reached (20). Themetabolic cart was calibrated before
each test according to the manufacturer’s instructions. The Vpeak
was obtained automatically from the treadmill software using the
formula proposed by Kuipers et al. (19):

Vpeak

�
km×h2 1

� ¼ Vcomplete

�
km×h21

�þ Inc×t =T;

in whichVcomplete is the speed at the last completed stage, Inc is
the speed increment (i.e., 1 km·h21), t is the time in seconds sus-
tained during the incomplete stage, and T is the time in seconds
required to complete a stage (i.e., 60 seconds).
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University of Montreal Track Test. The UMTT (21) was carried
in a 400-m outdoor flat track. Running pace was controlled by
audio beeps on a prerecorded file. Participants had to reach
a pylon on each beep. Pylons were placed every 25 m along the
track. The test endedwhen the athlete could not keep the imposed
pace by the beeps and failed to reach the next pylon twice in a row.
Initial speed was set at 8 km·h21 and thereafter increased by 1
km·h21 every 2 minutes until exhaustion. The Vpeak was
obtained using the formula proposed by Kuipers et al. (19) con-
sidering 1 km·h21 increments and the 120 seconds required to
complete a stage. The speed at the last completed stage was taken
as the MAS (e.g., if the last speed [Vpeak] is 18.5 km·h21, the
MAS is 18 km·h21) (5,20). V̇O2max was calculated using the
formula proposed by Léger and Mercier (22):

_VO2max
�
ml×kg2 1×min21

� ¼ 3:5 MAS:

Track-Individualized Short Ramp Graded Exercise Testing. The
Track(1:1) was designed to follow the same rampGXT protocol as
the Lab(1:1) in outdoor conditions. The test was performed on

a 400-m outdoor flat track on the basis of the UMTT (i.e., pace
controlled by audio beeps and pylons each 25 m), but the velocity
increased by 1 km·h21 every 1 minute. After a standardized
warm-up, the test started at 13 km·h21 slower than each athlete’s
Vpeak (previously determined during the Lab(1:1)) followed by
progressive increments of 1 km·h21 every 1 minute until ex-
haustion (11). Participants’ running pace was individually set-up
and controlled using automated sound beeps. The Vpeak was
obtained using the same formula than the UMTT proposed by
Kuipers et al. (19), considering 1 km·h21 increments and the 60
seconds required to complete a stage. The MAS was estimated
using the equation proposed by Cerezuela-Espejo et al. (11):

MAS
�
km×h2 1

� ¼ Vpeak
�
km×h2 1

�
  0:8348þ 2:308:

Statistical Analyses

Standard statistical methods were used for the calculation of
means, SDs, and 95% confidence interval. Comparisons between
V̇O2max,MAS, Vpeak, and HRmaxmeasures obtained from the
tests (Lab(1:1), UMTT, and Track(1:1)) were conducted by analysis
of variance with post hoc comparisons, intraclass correlation
coefficient, and Bland-Altman bias analyses. The magnitude of
agreement was examined through mean difference bias, SD, and
95% limits of agreement (LoA 5 bias 6 1.96 SD) calculations.
Effect size (ES) was estimated using the Cohen’s d index and
interpreted as small (0.20), medium (0.50), and large (0.80).
Analyses were performed using GraphPad Prism 6.0 (GraphPad
Software, Inc., CA, USA) and SPSS software version 19.0 (IBM
Corp., Armonk, NY, USA).

Results

A high linear relationship (r 5 0.91) was observed between
the Vpeak from the Track(1:1) and the V̇O2max obtained
from the Lab(1:1) (Figure 1). Assuming a standard error of
2.97 ml·kg21·min21, the resulting equation was:

_VO2max
�
ml×kg2 1×min2 1

� ¼ Vpeak
�
km×h2 1

�
  4:3062 23:58:

The total distances achieved at the end of each test were Lab(1:1)5
2,784 6 281 m, Lab(1:1) 5 2,827 6 321 m, and UMTT 5 4,877

Figure 1. Linear regression relationship between the maxi-
mum oxygen uptake (V̇O2max) from the laboratory protocol
(Lab(1:1), y-axis) and the peak velocity (Vpeak) during the field
running test (Track(1:1), x-axis).

Table 1

Validity results of running performance parameters from the laboratory and field test procedures.*†

Protocol VȮ2max (ml·kg21·min21) Vpeak (km·h21) MAS (km·h21) HRmax (b·min–1) Time (s)

M 6 SD Lab(1:1) 60.1 6 6.6 19.3 6 1.3‡ 18.5 6 1.1 191 6 7 786 6 44‡

UMTT 63.0 6 4.7§ 18.5 6 1.3‡ 18.0 6 1.3 190 6 7 1,262 6 160‡

Track(1:1) 60.4 6 5.6‖ 19.4 6 1.4 18.5 6 1.2{ 191 6 6 794 6 48

% Diff (95% LoA) UMTT 4.7 (22.1 to 11.0) 24.2 (29.1 to 0.8) 22.6 (27.4 to 2.6) 20.7 (23.0 to 1.6) 45.7 (19.6 to 71.8)

Track(1:1) 0.4 (26.5 to 6.6) 20.6 (24.5 to 5.4) 0.3 (24.7 to 5.5) ,0.1 (22.1 to 2.2) 21.0 (23.4 to 5.4)

ICC UMTT 0.889 0.944 0.916 0.950 0.180

Track(1:1) 0.900 0.963 0.964 0.958 0.964

Bias (95% LoA) UMTT 22.9 (3.5 to 29.2) 0.8 (1.7 to 20.1) 0.5 (1.5 to 20.5) 1.3 (5.6 to 23.0) 476 (137 to 815)

Track(1:1) 20.2 (5.4 to 25.9) ,20.1 (0.6 to 20.6) ,20.1 (0.8 to 20.9) ,0.1 (4.0 to 24.1) 8 (225 to 42)

*Vpeak5 peak velocity achieved at the end of the test; MAS5maximal aerobic speed (i.e., speed at VȮ2max); HRmax5maximum heart rate attained during the GXT; GXT5 graded exercise test; Lab(1:1)5
laboratory ramp GXT protocol with 1 km·h21 increments per minute (10); UMTT5 University of Montreal Track Test multistage protocol with 1 km·h21 increments every 2 minutes (19); Track(1:1)5 new ramp

GXT track protocol with 1 km21 increments per minute; ICC 5 intraclass correlation coefficient; LoA 5 limits of agreement (LoA 5 bias 6 1.96 SD).

†Bias and % difference are calculated from a given track test minus the Lab(1:1).

‡Mean differences (p , 0.05).

§Estimated from the equation of Lacour et al.20

║Estimated from the Vpeak using the equation proposed in Figure 1.

{Estimated from the Lab(1:1) values using the equation proposed by Cerezuela-Espejo et al.
11
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6984m.Outcomes from each test are shown inTable 1. Analysis of
variance was not able to detect mean difference in V̇O2max (F 5
1.738; p 5 0.184), MAS (F 5 1.451; p 5 0.242), or HRmax (F 5
0.296; p5 0.745) among the tests. In turn, Vpeak (F5 3.181; p5
0.048) was significantly lower in the UMTT compared with the
Lab(1:1) (meandifference520.81km·h21; ES50.62;p50.04) and
the Track(1:1) (mean difference 5 20.93 km·h21; ES 5 0.67; p 5
0.03). Correlation analysis revealed high and significant coefficients
(r. 0.889) between both track tests (UMTT and Track(1:1)) and the
Lab(1:1). However, Bland-Altman analyses (bias and 95% LoA)
confirmed a greater agreement in all the studied performance
parameters in the Track(1:1) compared with the UMTT. Conversely,
the UMTT overestimated the V̇O2max ;2.9 ml·kg21·min21,
underestimated the MAS ;0.5 km·h21, and importantly under-
estimated the Vpeak ;0.8 km·h21 compared with the laboratory

outcomes. Figure 2 depicts these results graphically using Bland-
Altman plots.

Discussion

The currentTrack(1:1) test proposal (individualized, short rampGXT
on track with 1 km·h21 increments per minute) was a better alter-
native than the UMTT to estimate maximal running performance
parameters such as the V̇O2max and MAS. The current findings
provide further empirical evidence about the advantages of con-
ducting individualized, short ramp protocols to assess maximal
physiological parameters in endurance sports, particularly in run-
ning.Moreover, in light of the high agreement between theTrack(1:1)
test and the gas exchange laboratory conditions, this novel proposal

Figure 2. Bland-Altman plots indicating the agreement between the Lab(1:1) (gold standard) and the 2 running field tests:
UMTT (A, C, and E) and Track(1:1) (B, D, and F). X-axis is the mean from the Lab(1:1); Y-axis is the mean difference between the
Lab(1:1) and the given field test. Bias is shown as a dashed line. The gray area represents the 95% limits of agreement (LoA5
bias 61.96 SD). V̇O2max 5 maximal oxygen uptake; Vpeak 5 peak velocity; MAS 5 maximal aerobic speed; UMTT 5
University of Montreal Track Test.
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emerges as a valid alternative to longer and multistage traditional
track tests for a better evaluation of athletes’ running performance.

Our findings revealed that the UMTT underestimated the
Vpeak by 4.2% (;0.81 km·h21) compared with the Lab(1:1),
a validated maximal short treadmill GXT using gas exchange
systems (11). Consequently, indirect estimations from the Vpeak
attained at the end of the UMTTwere notably altered and did not
reflect the true maximal aerobic performance. These results
confirm earlier findings suggesting that long (.20 minutes) and
multistage tests avoid the athletes reaching their maximal running
speed (8,18,26,28,32). According to this disclosure, the Vpeak
attained in the Track(1:1) was higher than theUMTT (61.0 km·h2
1) and almost the same as the Lab(1:1) (bias 5 ,0.1 km·h21).
Thus, the current short ramp Track(1:1) proposal is a more valid
option than UMTT to make estimations derived from maximal
running intensities such as the Vpeak using the same human and
material resources.

A main advantage of the current Track(1:1) is the estimation of
the MAS using a practical formula (11) based on the values
obtained from the same protocol under laboratory conditions
(Lab(1:1)). The use of this formula allowed us to obtain a better
estimation for the MAS (0.3% different) than using the UMTT
methods (2.6% different) compared with gas exchange. This is
critical, given the MAS is a helpful indicator to monitor training
loads, assess changes in aerobic endurance, and individualize
theoretical submaximal and maximal training intensities in run-
ners (5,12,25,27,29). This high precision in the MAS estimation
based on direct gas exchange measurements constitutes a power-
ful improvement of the Track(1:1) among available running track
tests.

It is worth noting that the laboratory protocol used as a gold
standard (Lab(1:1)) has been proven as effective to estimate critical
workloads, such as ventilatory thresholds (VT1 and VT2) and
maximal lactate steady state (11). In this work, the authors pro-
vided a personal approach for exercise prescription (training
zones). Given the Track(1:1) follows the same testing procedure as
the Lab(1:1), these training zones can be determined from theMAS
and Vpeak values obtained in this test.

The estimation of the V̇O2max derived from the Vpeak
attained during the Track(1:1) is a novel contribution of this study.
This is possible due to the fact that the current short ramp GXT
protocol guarantees that the Vpeak attained is likely to be the true
individual fastest speed (11). Thus, we were able to yield an
equation (Figure 1) to estimate V̇O2max, assuming an error of
2.97 ml·kg21·min21. This error could mainly come from the
athletes’ running economy (i.e., a different rate of energy con-
sumption at a given speed), which has been shown to explain
7–12% of V̇O2max variations in elite running athletes (38).
Considering the current sample (V̇O2max5 60 ml·kg21·min21),
V̇O2maxmight vary between 5.4 and 7.2 ml·kg21·min21 because
of running economy, which could partially explain the error
produced in our resulting equation (Figure 1). Future inves-
tigations are required to include running economy assessment
during the Track(1:1) and Lab(1:1) testing procedures to refine the
accuracy of the estimations.

Finally, although it is true that the UMTT showed high cor-
relations, this coefficient may be limited because it indicates that
a value changes when another changes but does not identify the
presence of a high systematic error difference between measure-
ments (23). Hence, for training and practical applications, the use
of Bland-Altman agreement seems to be more relevant than cor-
relations (15). In this sense, our findings revealed that, despite
similar correlation, the Track(1:1) test exhibited higher agreement

and lower bias with the laboratory than the UMTT. Therefore,
the Track(1:1) should be a preferred option for testing athletes.

This investigation has some limitations that should be noted. A
familiarization with the sound signals is recommended for opti-
mal running pace adjustment when performing audio-guided
running track tests. No women were included in this test, so
further investigations should confirm this validation. In addition,
despite the near-perfect agreement, very good correlations, and
minimum bias between the Track(1:1) and the laboratory, future
studies should corroborate these findings by reproducing the
Track(1:1) using a portable metabolic cart (35).

Practical Applications

This study demonstrates that the Track(1:1) is a valid, non-
invasive, and individualized test to assess both external
(Vpeak and MAS) and internal (V̇O2max and HRmax) run-
ning performance parameters, while assuring that the athletes
reach their maximal aerobic velocity. The use of the Vpeak to
obtain high precision ventilatory estimations compared with
laboratory exchange measurements constitutes a main prac-
tical application for daily training monitoring. The Track(1:1)
intensity is individualized according to the athlete’s maximum
potential (i.e., Vpeak) to allow for completing the test within
14 minutes; in turn, longer or multistage track tests could lead
to an early fatigue failure and underestimate the outcomes.
Thanks to this short duration, measurements can be obtained
from a single training session without compromising the
training plan.
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