Journal of Science in Sport and Exercise (2023) 5:369-377
https://doi.org/10.1007/542978-022-00195-9

ORIGINAL ARTICLE q

Check for
updates

T10 Test as an Alternative Method to Assess Critical Speed and its
Potential Application to Runners

Edilson Fernando de Borba'® - Lucio Follador'© - Sara Crosatti Barbosa'® - Marcus Peikriszwili Tartaruga'

Sergio Gregorio da Silva'

Received: 13 June 2022 / Accepted: 22 August 2022 / Published online: 24 October 2022
© Beijing Sport University 2022

Abstract

Exercise intensity is usually prescribed based on a metabolic marker, such as maximum oxygen uptake or maximal lactate
steady state. Those markers, however, face some difficulties regarding their practical applicability to the general popula-
tion. The critical speed emerges as an alternative parameter to determine aerobic exercise intensities through maximal tests
using ergometers or field tests, demanding few resources. We evaluated the fidelity of test to predict critical speed and if
this parameter could be used to prescribe intensity in aerobic exercise. One hundred recreational runners performed the T10
test and a conventional critical speed test to define running speeds. Out of them, 44 runners proceed continuous and interval
races. The critical speed assessed from T10 test was then compared to critical speed measured by three maximal runs in the
track field (1200 m, 2400 m, and 3600 m). We found a strong correlation (r=0.91) and did not find statistical differences
(r=1.8, P=0.90) between critical speed assessed by T10 (3.89 +0.49 m/s) and field-test (3.85+0.51 m/s). T10 is also bet-
ter associated with running and interval running speeds than metabolic markers. T10 test can be used as a valid alternative
method to assess critical speed and to prescribe runs.
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Abbreviations

VO,..« Maximum oxygen uptake
HRmax Maximum heart rate

lactate (LL) [13]. The anaerobic threshold can be deter-
mined through LL [19] or ventilatory threshold (VT) meas-
ured in a maximal exercise testing [1] until then considered

GET Gas exchange threshold gold standard to define exercise intensity [25]. We previ-
LL Blood lactate ously used the GET to demarcate the boundaries between the
T10 10-Min treadmill test moderate and heavy intensities and the second ventilatory
VT Ventilatory threshold threshold (VT,) to set the limits between heavy and severe
CS Critical speed intensities [11]. Identifying intensity boundaries is essen-
CP Critical power tial to prescribe interval and continuous exercise, and the
VT, Second ventilatory threshold limits between heavy and severe are crucial to set up inten-

sity zones when exercise tolerance can be easily changed.

However, prescribing intensity can be complex. There are
Introduction controversies about the reliability and validity of methods

[23], and most of those do not consider cardiorespiratory

Exercise intensity is determinant to physiological
responses to training [39]. Intensity is usually prescribed
based on maximum heart rate (HRmax), maximum oxygen
uptake (VO,,,.), gas exchange threshold (GET), or blood
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levels of individuals.

Moreover, they are not very accessible for the general
population. Critical speed (CS), or critical power (CP),
is defined as the highest sustained speed/power without
exhaustion, because it is a parameter that represents the
maximum respiratory and metabolic steady state [38], it
can be used as a viable alternative to prescribe intensity in
continuous and interval aerobic exercise [28].
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The CS demarcates the boundary between the heavy and
severe intensity domains [16]. It is also associated with other
aerobic fitness parameters, such as GET, VO, .. [21, 31,
32], and the performance in prolonged endurance exercises
[12]. Previous work tested the CS in a single test [35], how-
ever, it is a maximum test, and our intention is to reduce the
workload in the test so that athletes can perform in several
opportunities throughout the periodization. This relation
between CS and some physiological exercise indicators sup-
ports that CS can prescribe and control exercise intensity in
continuous and interval aerobic training in the sedentary,
clinical or athletic population. Once CS can predict athletic
performance, then it can be helpful for endurance training
programs [38].

The determination of CS is a cost-benefit and relatively
easy application strategy. There are, however, some sig-
nificant limitations with those conventional methods [17,
24], turning into physically and mentally exhausting tasks,
demanding maximal effort in numerous running tests [9].
Recently an alternative was proposed to estimate CS in
one single running submaximal test [14], reducing mental
and physical efforts, the T10 can be performed in different
phases of training, without worrying about the high wear
of a maximum test, whether it is a single maximum run or
multiple runs. The test consists of a 10-min treadmill run at
a self-selected velocity (T10). This new proposed model may
be a valid alternative for determining the CS in 5, 10, 21,
and 42 km runners. To our knowledge, no study has verified
whether T10 can estimate CS in 5, 10, 21 and 42 km runners.
Concomitantly, analyzing in which intensity domains the
runners are practicing continuous and interval runs based on
the result of the CS of this new model can be a way to direct
training, facilitating access for the population that practices
running as a sport modality.

Therefore, the objective of the present study was to verify
if the T10 can estimate the CS in 5, 10, 21 and 42 km run-
ners. Another aim was to describe the speeds that individu-
als train based on the CS. The hypotheses are that the T10

Fig. 1 Experimental Design.

will respond similarly to the traditional methods (maximal
tests) for 5, 10, 21, and 42 km runners. Also, interval train-
ing speeds will be above CS while continuous ones will be
below.

Methods
Participants

The sample was composed of 100 recreational runners
(77 males and 23 females), with age between 18 and
49 years (34.36 +7.2) (body mass: 70.71 +8.76 kg, BMI:
23.51 +2.19 kg/m?) and with at least 2-year running experi-
ence. As inclusion criteria, participants had to prove aerobic
fitness by running at least one of these distances: 5, 10, 21
and 42 km. Men should complete 5 and 10 km under 25
and 55 min, respectively, while women should complete it
under 35 and 65 min. Regarding the 21 and 42 km, both
sexes should complete the runs under 120 and 240 min,
respectively. Race times were defined based on data from
recreational runners [41]. All participants presenting any
disease or injury that could influence the running results
were excluded. This study was approved by the local Eth-
ics Committee in compliance with the Declaration of Hel-
sinki, and written informed consent was obtained from all
participants.

Experimental Design

In this cross-sectional study, participants were subjected
to a battery of laboratory and field running tests to deter-
mine aerobic capacity, CS, to set the interval and continu-
ous running speeds and their associated intensity domains
(Fig. 1). Tests were conducted within at least 24 h apart,
we chose this recovery period for those who had no influ-
ence of fatigue on the results, and all subjects agreed not to
exercise in hard intensities within the 24 h before the tests.

VO, 0 Maximum oxygen 1st visit 2nd —3rd visits ~ 4th — 6th visits ~ 7ih — 8th visits  9th —10th visits
uptake; vVO,,..: velocity
associated with VO, ,..; T10: Field tests Interval Continuous
10-min treadmill test GXT
T10 1200 m 12x 400 m 8000 m
VOznmax Familiarization 2400 m 6X 1000 m 12,000 m
3600 m
wWO:
Randomized Randomized Randomized
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As fatigue control, we used the subjective feedback of each
individual, where the individual should report being com-
pletely recovered to perform the task. This feedback was
given by responding to the evaluator if the individual con-
sidered himself/herself able to perform the test, in this case
without being fatigued to the point of compromising per-
formance. This response was used based on the Subjective
Perception of Recovery scale [33]. The tests were performed
simultaneously, and the participant defined the choice of
time. Subjects visited the laboratory on three occasions. In
the first visit, participants were subjected to a graded exer-
cise test to determine aerobic fitness. In the second one, they
performed the T10 test to get familiar with it, and finally, in
the last visit, they performed the T10 test officially. In the
three subsequent visits, participants performed field tests
(1200, 2400, and 3600 m) to set CS. Tests occurred in a
400 m track field. In the next two subsequent visits, partici-
pants performed interval runs in the track field (6 x 1000 m
and 12x400 m), and in the last two visits, they performed
long continuous endurance runs (8000 and 12,000 m). Thus,
every subject performed ten physical tests.

Maximum Graded Exercise Test To The
Determination of VO,,.,, GET and VT,

The graded exercise test was performed on a treadmill (Mas-
ter Super ATL, Inbramed, Brazil) with portable equipment
for measuring respiratory exchange gases, calibrated accord-
ing to manufacturer’s recommendations (K4b2 COSMED,
Rome, Italy) to determine VO,,,,., velocity associated with
VO, GET, VT, and HRmax. The test began at 8 km/h for
5 min, and the speed was raised 1 km/h every minute until
participants reached exhaustion. The treadmill was inclined
by 1% to simulate outdoor running [26]. Heart rate (HR)
was monitored (H10, Polar Electro Oy, Kempele, Finland)
during the whole test. VO,,,., was determined by the high-
est VO, value during the last 30 s of the test. The test was
ended when the subject reached at least two out of three
criteria [10], which are: (1) to show oxygen uptake plateau,
when VO, did not increase with increasing running speed (2)
reach a respiratory exchange ratio greater than 1.2 and (3)
to exceed 90% HRmax predict from age (208 — 0.7 X age).
Velocity associated with VO, was determined as the mini-
mal speed at which the participant attained VO,,,,, as long
as the speed was maintained for a full minute [3]. The venti-
latory thresholds were determined through V-Slope analysis
by the equipment's native software (K4b.?), the method is
described by Beaver et al. [1]

10-Min Submaximal Treadmill Test

The first T10 test was carried out to become familiar with the
equipment, and the second test was to determine CS. Before

the T10 test, participants were given this instruction: “Pick
a vigorous velocity that you can keep for the next 10 min.
You can change it during the first 5 min but must keep a
constant speed in the last 5 min. You will be warned about
how much time left in the minute 4 min 30 s, 4 min 40 s,
and 4 min 50 s, during the first 5 min”. This instruction was
accessible to the participant during the whole test. The test
was initiated at speed 1.1 m/s, and participants were allowed
to change speed, and each click on the speed control panel
up or down changed the speed by 0.03 m/s. Treadmill dis-
play was covered to prevent participants from checking the
speed, distance, and time, more details of the protocol can
be found in the article by Follador et al. [14, 15]. Respiratory
gas exchange was monitored breath-by-breath (K4b*> COS-
MED, Rome, Italy). The speed of the last 5 min was defined
as the critical speed. If the athlete could not finish the test at
that speed, the test was repeated at another opportunity. All
participants completed the test without the need to interrupt
or slow down the treadmill.

Critical Speed Field Test

In 3 different days (minimal 24 h interval), participants per-
formed tests on a running track (400 m) to determine the CS.
They were instructed to run the proposed distances (1200 m,
2400 m, and 3600 m) quickly. The runs were performed
randomly, and the participants only knew these distances
moments before the tests. All participants were advised to
take the tests only if they were feeling completely recovered.
Run times were recorded using a digital stopwatch using
iPhone X (Apple Inc, Califérnia, USA), and CS was deter-
mined by linear regression of distance x time [20].

Interval and Continuous Running

To verify and present the running speeds and relate the
speeds to the intensity domains based on the T10 speed,
a subgroup of 44 participants performed the interval and
continuous runs. Interval running was conducted in the
track field (400 m) on different days (minimal 24 h inter-
val). Participants only knew the distance right before the
test. In one of the visits, they were instructed to perform
12 bouts of 400 m, with 1 min 30 s passive rest between
bouts. In another visit, they performed 6 bouts of 1000 m,
with 3 min passive rest between bouts. Therefore, intensity
should be considered hard, and both running tests should
present similar times. In the last two visits, participants per-
formed continuous endurance running in a city park, flat and
well-paved, with demarcations every 100 m. Runs were per-
formed randomly, in 2 days, with one hard-intensity 8000 m
endurance running and one moderate-intensity 12,000 m
endurance running. Again, all participants were advised to
take the tests only if they were feeling completely recovered
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for realize the run. The distances were chosen based on the
authors' practical experience. Running times were registered
using an iPhone X digital chronometer (Apple Inc, Calif6r-
nia, USA).

Statistics Analysis

The distribution of the data was analyzed by the Shap-
iro-Wilk test. Velocities collected by T10 and field tests
(1200 m, 2400 m, 3600 m) were compared using Student’s
T-test. Bland—Altman plots were used to assess agreement
between the velocity in T10 and CS determined by field
test. Lin's concordance correlation coefficient was applied to
determine the reliability of methods, following the criteria:
RC=0.21-0.40 reasonable; 0.41-0.60 moderate; 0.61-0.80
substantial e 0.81-1.00 almost perfect [30]. This Lin’s sta-
tistic test allows measure, numerically and graphically, the
concordance and the reliability of two different methods by
comparing repeated measures. We used Pearson’s correla-
tion coefficient to analyze the correlation between veloci-
ties collected by T10 test and field tests (1200 m, 2400 m,
3600 m), and the interpretation was based following these
criteria: r<0.3 negligible; 0.3-0.5 weak; 0.5-0.7 moderate;
0.7-0.9 strong; > 0.9 very strong. To analyze differences
between velocities applied to each running distance tested
interval and continuous runs, we used one-way repeated
measures ANOVA. The comparison between differences
was expressed using Cohen’s d (effect size), with a CI of
95%. The magnitude of differences was interpreted as trivial
(0-0.19), small (0.20-0.49), medium (0.50-0.79), and large
(>0.80) [8] as alternative significance metrics [43]. Statisti-
cal analysis was performed using SPSS (version 25.0; SPSS,
Inc., Chicago, IL, USA) with a significance at 5%.

Results
CS Protocols Analysis

The VO,,,.... T10 speed test and CS measured by field test of
the participants were respectively, 52.05 +6.09 mL/kg/min,
3.89+0.49 m/s, and 3.85 +0.51 m/s. There was no differ-
ence between T10 and the field test (P =0.90).

Figure 2 shows the VO, profile (in 15 s intervals) during
the T10 test. VO, rapidly raised in the first 180 s during the
test, then it turned into a modest raising right after the 180 s
and reached a steady-state-like around 420 s. During the
last 5 min of the T10 retest, the speed was above the veloc-
ity associated with GET but below the velocity associated
with VO,

Figure 3 shows the relation the bias +95% limits of agree-
ment between the speed of the T10 test and the CS estimated
from the field test (0.04 +0.43 m/s, CI 95% =- 0.46-0.39).
Standard error (SE) was 0.16 m/s while correlation coef-
ficient between T10 test and CS field test was r=0.91 (CI
95% =0.86-0.94). Regression analysis resulted in the fol-
lowing predictive equation: y=0.875x +0.25, R* adjusted
of 0.82.

Figure 4 shows Lin's concordance correlation coefficient
(RC=0.90, CI1 95%: 0.93-0.86) and correction factor (CB:
0.99).

Speed Analysis

After determining CS through the T10 test, 44 participants
of the whole sample were invited to perform 2 interval and
2 continuous run protocol. The VO, data and thresholds
of this group were: VO, 53.38 +6.46 mL/kg/min, GET

Fig.2 VO, profile during 80
T10 test. VO, remains slightly Vo
under GET during the first L eeeeeeeaaeeeeeeeeaaaeaaaan ma ..
phase of the test (300 s), and -
then it raises to get steady
between GET and VO,,,, es 000 e 00000
threshold = eoe®e’
E P R T et ST
g "
_EI ce*, s
g‘ 30 .
> o ®
.
.
20 *
L]
.
10 0 60 120 180 240 300 360 420 480 540 600
Time (s)
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Fig.3 - Bland—Altman plot of
limits of agreement between
field test estimated CS and T10
test speed. The solid horizontal
line represents the mean dif-
ference between field test esti-
mated CS and T10 test speed,
and dashed lines represent the
95% limits of agreement

1,00

50

00

-50

Difference T10 and Field test (mis)

230

Fig.4 Lin’s method analyzes
the agreement between T10 and
field tests. The solid line is the
linear regression’s best adjust-
ment, the dashed line is the
identity line, and the external
lines demarcate the confidence
interval (95%)

T10 (mis)

330 430 530

Mean T10 and Field test (mis)

40.68 +6.22 mL/kg/min, VT, 47.34 +6.02 mL/kg/min and
T10 test at 44.62 +6.22 mL/kg/min.

The one-way repeated measures ANOVA showed that
the mean speed in each run is affected by the selected
distance [F (2.53, 108.72)=1383.77; P <0.001]. The dif-
ferences between velocities were expressed as Cohen’s d
effect size, with 95% CI, reporting that all runs had signifi-
cantly different speeds. The interval runs were performed
at 4.54+0.62 m/s and 4.15+0.56 m/s for 400 and 1000 m,
respectively, and the continuous runs were performed at
3.79+0.50 m/s and 3.32 +0.39 m/s for 8000 e 12,000 m,
respectively (Fig. 5).

Field test (ms)

Both 400 m and 1000 m interval running are mean
speed performed above the speed measured by T10 test
(119.82% +5.03% and 109.77% +3.29%, respectively),
while the 8000 running’s speed was similar to T10
(99.63% +2.85%) and the 12,000 running’s speed was
performed below, reaching 87.32% +4.25% from speed
measured by T10 test, the difference between the speeds
is described in Table 1.

The Person’s Correlation Coefficient analysis reported a
significant correlation between the T10 test and the ener-
getic parameters speeds (vVO,,,,., VGET, and vVT,) in the
interval and continuous running. However, the strongest
correlation was found with running’s speed, either in the
interval and continuous running (Table 2).
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Fig.5 Interval and continuous
participants’ speeds. VO, ..:
maximum oxygen uptake; VT),:
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Table 1 Speed expressed as Speed 12400 m 6x 1000 m 8000 m 12,000 m T10
mean =+ SD (m/s) of energetic
parameters and interval and 4.54+0.62
continuous running. Mean
differences are described as 61000 m 0.67
Cohen’s d effect size (95% CI) 4.15+£0.56 (0.24, 1.10)
P<0.001
8000 m 1.34 0.66
3.79+0.50 (0.87, 1.80) (0.23, 1.09)
P<0.001 P<0.001
12,000 m 2.36 1.7 1.03
3.32+0.39 (1.81, 2.90) (1.21,2.19) (0.58, 1.47)
P<0.001 P<0.001 P<0.001
T10 1.31 0.65 0.04 1.06
3.81+0.49 (0.85, 1.78) (0.22, 1.08) (-0.39, 0.46) (0.61, 1.51)
P<0.001 P<0.001 P=03 P<0.001
vGET 1.92 1.26 0.63 0.32 0.7
3.48+0.62 (1.41,2.43) (0.80, 1.71) (0.20, 1.06) (-0.11,0.74) (0.26, 1.13)
P<0.001 P<0.001 P<0.001 P=0.04 P<0.001
vVT, 0.84 0.15 0.56 1.63 0.52
4.07+0.52 (0.40, 1.28) (-0.27,0.57) (0.13,0.98) (1.15,2.11) (0.09, 0.94)
P<0.001 P=02 P<0.001 P<0.001 P<0.001
VVO, 1k 0.07 0.8 1.52 2.65 1.48
4.58+0.55 (-0.35,0.49) (0.37, 1.24) (1.05, 1.99) (2.08, 3.23) (1.01, 1.95)
P=0.5 P<0.001 P<0.001 P<0.001 P<0.001

Discussion

The present study showed that the T10 test could predict the
CS with similar results compared with conventional methods
(Figs. 3 and 4). These results suggest that T10 represents an
alternative to identify the speed associated with the maxi-
mum metabolic steady-state and can be used as a parameter
to control continuous and interval runs (Fig. 5).

@ Springer

Our study found no significant difference (r=1.8,
P=0.90) between the speeds measured with the T10
test (3.89 +£0.49 m/s) and those measured with field test
(3.85+0.51 m/s), with a mean difference of 0.04 m/s
(SEE of 0.16 m/s). Besides, we found a strong correlation
(r=0.91) and low risk of bias between those different meth-
ods. In this way, CS measured by the T10 test is an alter-
native to demarcate the boundary between hard and severe
intensity domains. There is a growing interest in investigate



Journal of Science in Sport and Exercise (2023) 5:369-377

375

Table 2 Correlation coefficients (95% CI) between T10 speed, per-
formance during the interval and continuous running, and the speed
associated with energetic parameters

Parameters  vVO,, .. vGET vVT, T10
12x400m  0.82 0.63 0.74 0.94
(0.69-0.90) (0.39-0.78) (0.57-0.85) (0.89-0.97)
6x1000m 0.79 0.59 0.71 0.93
(0.65-0.88) (0.35-0.76) (0.53-0.83) (0.88-0.96)
8000 m 0.83 0.64 0.75 0.96
(0.71-0.90) (0.41-0.79) (0.58-0.86) (0.93-0.98)
12,000 m 0.79 0.58 0.69 0.92
(0.64-0.88) (0.34-0.75) (0.50-0.82) (0.85-0.96)

vO,,... speed associated with maximum oxygen uptake, vGET speed
associated to gas exchange threshold, vVT, speed associated to the
second ventilatory threshold, 770 speed associated to T10 test.

All observations with P<0.001

the validity of using CS to predict aerobic performance [5,
7,22, 25, 34]. Some studies report that CS measured by field
tests (distance vs. time) is similar and highly correlated to
the CS predicted by treadmill test, such as the study of [29]
that found a strong correlation (r=0.9) between CS predict
by treadmill and field tests in highly trained 10 km runners.
[14] shows similar results (r=0.93; 90% CI: 0.88-0.96)
comparing T10 and field tests performed by recreational
runners. Using Lin’s concordance correlation coefficient,
which determines if two different methods can predict the
same outcome [30], showed that the T10 test could predict
CS with high precision (RC =0.90).

The T10 test showed a higher association with running
performance, either interval or continuous run, than those
related to other different metabolic markers (vVO,,,,,, VGET
e vVT,). Based on Pearson's correlation tests and Cohen's
effect size, presented in Tables 1 and 2, we believe that the
use of this method may be more sensitive to changes in the
individual's performance, similar data were found in Fol-
lador et al. [15] using T10 as a performance predictor for 5
and 10 km races. These correlations are used in other articles
to describe the association between VO, VO, and
running [4]. There is no significant difference between the
speed measured by the T10 test and the mean speed to run
8000 m. Also, the mean time to perform this run was nearly
35 min, similar to studies that determinates that exhaustion
will happen up to 60 min in a continuous running at CS [2,
20]. The speed in 400 m and 1000 m runs was performed
above the speed measured by T10, suggesting that both were
positioned in the severe domain of intensity.

Poole et al. [36], published the first study to evaluate
the homeostatic response above the CS, predicted by the
conventional method and confirmed the validity of CS
to demarcate the boundary between the hard and severe

domains. Those results were confirmed or replicated in
several other studies [6, 18, 40]. Recently, one study [25]
presented the CS as the best indicator to limit the hard and
severe intensity domain in exercise. Therefore, CS is an
appropriate metrics when the objective is to evaluate the
maximum metabolic steady-state [5]. Beyond the applica-
bility in continuous endurance runs, some authors suggest
that CS could be applied to interval running, too [27]. In
this case, we could use T10 as an alternative to prescribe
and control interval and continuous running because,
based on the hypothesis that the self-selected speed during
the T10 test would be close to a metabolic steady-state [37,
42], we can report that the test can successfully determi-
nate the limit between hard and severe intensity domains.
Thus, we can affirm that interval runs, performed above
the speed measured by T10, were performed in the severe
domain of intensity while the continuous runs, where par-
ticipants ran at or below the T10 test speed, were in the
hard or moderate-intensity domain.

Conclusion

Our findings prove the reliability of the T10 test to predict
CS and could be adopted as an alternative to conventional
methods. Results also showed that the T10 test was associ-
ated with speeds in the interval and continuous runs. This
association was higher than those found with the running
and other performance markers (GET, VT,, VO,,...), rein-
forcing the feasibility of using T10 to prescribe aerobic
training. These results provide evidence about the validity
and potential practical application of T10 to define inter-
val and continuous runs, due to its ability to set the limits
between the hard and severe domains of exercise intensity.
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