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Abstract:
Knowing running speed, particularly by means of easy-to-apply tests and a low cost, is important to the 

definition of race strategy and of the most appropriate training throughout the preparation period. The aim 
was to compare the agreement and reproducibility of critical velocity (CV), anaerobic threshold (AT), and 
the time trial on the track for the determination of the running speed in a 10-km race in amateur runners. 
A cross-sectional study was conducted with 34 runners of both genders aged 42.4±11.0 years. We measured 
their CV, assessed their body composition and AT. Participants also performed a simulated trial on a 10-km 
running track and an official 10-km race. The delta of the comparisons and the standard error of estimate 
between the running velocities determined by the CV, AT, and the simulated time trial on the track ranged 
from 0.55 to -0.79 km/h and 0.14 to 0.59 km/h, respectively. Furthermore, CV and AT were compared to the 
10-km running speed. Good agreement and reproducibility were observed between the velocities determined 
by the CV, AT, and the simulated time trial on the track with the real-time of a 10-km official race.
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Introduction
Long-distance street running races have 

increased in popularity in recent years in several 
countries (Anthony, et al., 2014; Gómez-Molina, et 
al., 2017; Knechtle, Nikolaidis, Zingg, Rosemann, 
& Rüst, 2016), especially among recreational prac-
titioners, who aim to improve their physical fitness 
and health, but are also motivated by the achieve-
ment of better performances, which requires coaches 
and physical education professionals to identify the 
determining factors of performance enhancement 
(Santos, et al., 2012). Consequently, the interest of 
scientific community has been increased in stud-
ying different factors that may affect performance 
(Ogueta-Alday & Gácia-López, 2015).

Some authors have so far presented a series of 
potential physiological variables traditionally inves-
tigated as predictors or determinants of perfor-
mance in long-distance races, such as maximum 
oxygen uptake (VO2MAX), anaerobic threshold (AT), 
critical velocity (CV), running economy, maximum 
aerobic velocity, velocity associated with VO2MAX 

and AT, among others (da Silva, Sotero, Simões, & 
Machado, 2015; Denadai, Ortiz, Stella, & Mello, 
2003; Ogueta-Alday & Gácia-López, 2015; T. M. 
Santos, et al., 2012; Smith & Jones, 2001; Souza 
et al., 2014). However, due to the detriment of 
distance and duration of a race, performance seems 
to be influenced not only by the physiological vari-
ables, but also by anthropometric parameters, race 
strategy, age, gender, and supplementation strategy 
and they should also be considered (Santos, et al., 
2017).

Santos et al. (2017) state that during races, 
endurance runners generally adopt different pacing 
strategies, such as either higher or lower speed in 
different moments. Nevertheless, some runners try 
to maintain the same rhythm from the beginning 
to the end of the race, which does not mean the 
same physiological demand, particularly due to the 
terrain relief, climate changes, and the accumulated 
strain throughout the race (Thiel, Foster, Banzer, 
& de Koning, 2012). Thus, it seems clear that the 
intensity of the race undergoes significant variations 
during events from medium- (5, 10, or 15-km) to 
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long-distance races (half- or full-marathons), which 
requires the interaction between different energy 
systems (Thiel, et al., 2012). In this sense, knowing 
running speed is interesting for the establishment 
of the best race strategy (Lima-Silva, et al., 2010) 
as well as for quality training designs; knowledge 
of running speed can also be used as a parameter 
for the definition of training intensities and volumes 
throughout the periodization.

Studies analyzed running speed during a 10-km 
race and identified an association between physi-
ological parameters and running speed (Bertuzzi, 
et al., 2014; Lima-Silva, et al., 2010), by both field 
methods and laboratory tests. Among the laboratory 
methods, the anaerobic threshold (AT) seems to be 
a good predictor of running speed because it repre-
sents the moment of transition from the predomi-
nance of aerobic energy production to the anaerobic 
energy production (Faude, Kindermann, & Meyer, 
2009) and has been described in some studies with 
runners (da Silva, et al., 2015; Souza, et al., 2014, 
2011) since AT corresponds to an intensity of effort 
that can be maintained with a stable state of oxygen 
and lactate consumption (Wakayoshi, et al., 1992, 
1992). 

Regardless of the method, it seems clear that 
getting to know running speed is of vital impor-
tance, especially if the insight can be obtained 
by means of easy-to-apply, low-cost and accurate 
tests. So, the present study aimed to compare the 
agreement and reproducibility of critical velocity, 
anaerobic threshold, and the simulated time trial 
on the track for the prediction of running speed 
in a 10-km official race in amateur runners. We 
hypothesized that the critical velocity and the trial 
on the track would be more efficient than the anaer-
obic threshold in predicting the 10-km race speed 
in amateur runners.

Methods
Sample and ethical criteria

A cross-sectional study was conducted with a 
convenience sample of 34 runners, of both genders 
(20 males). The study was approved by the Research 
Ethics Committee of the Catholic University of 
Brasília – UCB and each participant signed an 
informed consent form.

Inclusion criteria
Amateur runners from a running club from 

Brasília, Brazil, were invited to participate in this 
study. The eligibility criteria were: to have partici-
pated in at least one 10-km competition and being 
asymptomatic of any health problem. They should 
have uninterrupted training experience of at least 
six months, sign the informed consent form, partici-
pate in all study’s tests, and not be taking any medi-
cation that could change their heart functions.

General procedures
The participants attended testing on four 

days and on one day they participated in an offi-
cial 10-km race. During their visits, the following 
tests were performed: i) body composition assess-
ment and maximum treadmill test; (ii) 400-meter 
running track test; (iii) 2000-meter running track 
test; (iv) 10-km simulated time trial on the running 
track; and v) 10-km run in an official race. The 
tests i, ii, and iii were performed in a random order. 
All track tests were conducted on the official track 
under similar climatic conditions (air temperature 
= 21 – 26 ºC, relative humidity = 45 – 63%), with 
at least 48-hour interval between the tests. Athletes 
were instructed to participate in the study under 
conditions of total recovery, hydration, and nourish-
ment. The experiment was completed in two weeks. 
Before each track test, the athletes were instructed 
to perform a moderate-intensity warm-up exercise 
followed by stretching. 

Body composition analysis
Body fat was measured using dual-energy X-ray 

absorptiometry (DXA). Volunteers were asked to 
remove any metallic items they were wearing, such 
as rings, jewelry, belts, and watches (because such 
objects affect readings of the values of the estimated 
variables). Next, volunteers were placed in the hori-
zontal decubitus dorsal position on the DXA appa-
ratus for the full-body analysis. The equipment used 
was a Lunar DPX-IQ with version 4.6A software. 
Before using, the DXA equipment was duly cali-
brated, according to the manufacturer recommend-
ations, and cut line adjustments were predefined. 
All analyses were performed by the same measurer.

Maximum treadmill test
A maximum treadmill test (MTT) was 

performed as an incremental exercise test with 
two-minute stages and increments of 0.5 km/h. 
The initial velocity was individualized between 8 
and 9 km/h on the treadmill (Brudden Equipments 
LTDA and Line Movement, model RT 400, São 
Paulo, BRA). These tests were performed at an air 
temperature maintained between 21 and 23 °C and 
relative humidity between 40 and 60%. The test was 
conducted until voluntary exhaustion or any other 
ending criteria such as blood pressure ≥260/115 
mmHg, rating of perceived exertion (RPE) >19 on 
the Borg 6-20 scale, or S-T segment electrocardio-
gram with depression or elevation greater than 2 
mm. During each test, heart rate (HR) was meas-
ured continuously as well as blood pressure (BP), 
RPE, ventilation (VE), oxygen uptake (VO2), carbon 
dioxide release (VCO2), oxygen ventilation equiv-
alent (VE/VO2), carbon dioxide equivalent (VE/
VCO2), and respiratory exchange ratio (RER). Each 
subject was instructed to avoid caffeine, alcohol, 
and strenuous exercise 48 hours before the experi-
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ments, as well as to eat normally and avoid foods 
not usual in their daily intake.

Maximum oxygen uptake (VO2MAX) was deter-
mined using a breath-by-breath method (Cortex and 
Metalyzer 3B from Cortex Biophysik – GER) and it 
was valid when at least two of the following criteria 
were met: RER >1.15, VO2 plateau ΔVO2≥150 ml at 
the last minute, HR<10 bpm of 220 and age, and/or 
RPE ≥19. Anaerobic threshold (AT) was determined 
based on VE/VO2 and VE/VCO2, measured at the 
point where VE/VO2 increased disproportionately 
compared to the increase in VE/VCO2 (Ferreira, et 
al., 2013).

The maximum treadmill test was used to deter-
mine the maximum heart rate (MHR) at the highest 
HR found in the test. Intensity at which the AT 
was used to determine the oxygen uptake at the AT 
(ATVO2), running speed at the AT (ATSPEED), heart 
rate at the AT (ATHR), and rating of perceived exer-
tion at the AT (ATRPE).

Critical velocity
For the determination of the CV, the times of 

the 400 m and 2,000 m tests on an official athletics 
track were recorded. Participants were instructed to 
run the set distances, alone, in the shortest possible 
time. The CV was calculated as the linear relation 
between distance and race time, corresponding to 
the slope of the linear regression line. The tests were 
performed at 08:00 a.m. or 7:00 p.m. 

10-km simulated time trial on the track
The 10-km simulated time trial on the track 

took place on an official running track, with all 
involved in a single session, which began at 9:00 
a.m. Each volunteer was identified, and a group of 
referees counted laps until completing 10-km. From 
the 5th lap, a table was placed with water next to 
the track, so the athletes could hydrate themselves. 
Hydration occurred ad libitum.

10-km race
The 10-km race chosen to compose this study 

was the Race of the Physical Education Profes-
sional, certified by the Brazilian Athletics Confed-
eration, held in Brasilia-DF at approximately 1,080 
meters above sea level. The race started at 07:00 
a.m.; air temperature was 17.3°C and 53% relative 
humidity. The slope along the course was around 
-1.0 to 0.9%. A timing system was used via a chip 
positioned in the sneakers of each runner. 

Statistical analysis
Initially, the normality of the data was verified 

through the Shapiro-Wilk’s test. Data are presented 
like mean and standard deviation. The independent 
t-test was used to compare the means according to 
gender. The paired t-test was used to compare the 
means of the 10-km running speed with the CV, AT, 
and the simulated time trial on the track. The Bland-
Altman plot was used to evaluate the concordances 
between the velocities established in the 10-km race 
with the CV, AT, and the simulated time trial on the 
track. The upper and lower limits of agreement for 
the Bland-Altman analysis were established with an 
alpha of 95% (±1.96 standard deviation). In order 
to evaluate the reproducibility between the veloci-
ties established in the 10-km race with the CV, AT, 
and the simulated time trial on the track, the intra-
class correlation coefficient (ICC) and the Cron-
bach’s alpha were calculated. The ICC values were 
interpreted as poor if <.40, moderate if between 
.40 and .75, and excellent if >.75, according to the 
scale of reliability levels proposed by Fleiss (1999). 
Also, the values of total error (ET), standard error 
of estimate (SEE), and absolute and relative delta 
were calculated. The value of <.05 was adopted to 
indicate significant differences. The SPSS program, 
version 18.0 was used for the analyses.

Figure 1. Schematic drawing of the study.
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Results
Table 1 shows the results of the characteriza-

tion of the sample for the total group and stratified 
according to gender.

As seen in Table 1, only age, MHR, ATHR, and 
ATSPEED did not differ between men and women.

Table 2 presents the values of mean velocity of 
the 10-km race and of the simulated time trial on 
the track, as well as the AT and CV velocities deter-
mined in laboratory and field tests, respectively.

Only the velocities determined by the CV and 
the AT were similar to the time of the 10-km race 
in women. The simulated time trial on the track 
differed from the 10-km race velocity in the total 
group and both genders. For the total group and 
men, the CV, AT, and the simulated time trial on the 
track differed from the 10-km race velocity. 

Figures 2 to 4 show the agreement values estab-
lished using the Bland-Altman plot, with values 
presented for the total group and stratified by gender 
for the estimated velocities in the CV and AT tests, 
mean velocity established in a simulated time trial 
on the track with the velocity of the 10-km race.

As seen in Figures 2 to 4, comparisons using the 
Bland-Altman plot showed that all residual scores 

Table 1. Characterization of the sample (N=34) 

Total group (34) Males (20) Females (14)

Age (years) 42.4±11.0 41.4±12.7 43.7±8.9

Body weight (kg) 65.7±9.0 68.8±9.2 61.1±7.0*

Body height (m) 1.69±0.8 1.72±0.8 1.64±0.4*

BMI (kg/m²) 25.8±6.5 27.7±6.8 23.1±5.4*

Body fat (%) 15.9±6.5 10.7±4.8 23.1±8.0*

VO2MAX (ml/kg/min) 49.5±8.1 54.6±5.0 42.2±6.3*

MHR (bpm) 180.5±8.9 180.3±10.6 180.6±7.8

ATVO2 (ml/kg/min) 43.5±7.3 47.9±3.6 36.7±6.7*

ATSPEED (km/h) 12.6±1.8 13.7±1.2 10.9±1.0*

ATHR (bpm) 169.0±10.4 169.3±12.0 168.6±9.4

ATRPE 12.8±1.9 12.5±1.8 13.4±2.3

Running 10 km (min) 45.9±7.3 41.5±4.3 52.3±6.2*

Note. BMI: body mass index; VO2MAX: maximal oxygen uptake; MHR: maximum heart rate; AT: anaerobic threshold; ATVO2: oxygen 
uptake at the AT; ATSPEED: speed at the AT; ATHR: heart rate at the AT; ATRPE: rating of perceived exertion at the AT. * Significant 
difference between males and females, p<.05.

Table 2. Mean and standard deviation of the determined speeds in the 10-km race, simulated on the track, at the CV and AT

Total group Males Females

10-km race 13.4±2.1 14.6±1.5 11.6±1.3

CV (n=34/20/14) 13.9±2.2* 15.3±1.4* 11.9±1.6

10-km race 13.4±2.1 14.5±1.4 11.6±1.3

AT (n=33/19/14) 12.6±1.76* 13.7±1.23* 11.2±1.3

10-km race 13.5±2.1 14.8±1.6 12.1±1.7

Simulated on the track (n=24/12/12) 12.8±1.9* 14.0±1.5* 11.5±1.5*

Note. CV: critical velocity; AT: anaerobic threshold. *Significant difference from 10-km race velocity, p<.05.

were within the range of agreement defined at ±1.96 
standard deviation for comparisons between the 
CV, AT, and the simulated time trial on the track 
with the 10-km race.

Table 3 presents the indicators of concordances, 
reproducibility, values of the errors of the compar-
isons of the velocities determined by the CV, AT, 
and the simulated time trial on the track with the 
10-km race velocity for the total group and strati-
fied by gender.

As seen in Table 3, the CV delta analysis over-
estimated the velocity of the 10-km race, while 
the deltas of the AT and simulated time trial on 
the track underestimated the 10-km race velocity. 
The agreement and reproducibility between the 
velocities calculated by ICC and Cronbach’s alpha 
presented high values and considered excellent for 
the CV, the AT, and the simulated time trial on the 
track, according to the classification of the reference 
range established in ≥70. Moreover, the total error 
and standard error estimate were mostly less than 
1 km/h for the CV and simulated time trial on the 
track, and close to 1.5 km/h for the AT.

Figure 5 shows the delta percentage of the 
difference between the velocity determined by the 
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Table 3. Agreement coefficients, reproducibility, and error values of the speed comparisons determined by the CV, AT and simulated 
time trial on the track with the running 10 km

Total group Males Females
Critical velocity n=34 n=20 n=14
Delta CV vs 10-km race (km/h) 0.55 0.70 0.33
ICC 0.93 (0.86-0.96) 0.83 (0.92-0.93) 0.87 (0.64-0.96)
Cronbach’s alpha 0.96 0.91 0.93
Correlation 0.93 0.83 0.88
TE/SEE 0.97/0.29 1.07/0.45 0.81/0.27
Anaerobic threshold n=33 n=19 n=14
Delta AT vs 10-km race (km/h) -0.79 -0.81 -0.73
ICC 0.84 (0.70-0.91) 0.75 (0.47-0.90) 0.68 (0.26-0.89)
Cronbach’s alpha 0.91 0.86 0.81
Correlation 0.85 0.76 0.73
TE/SEE 1.35/0.58 1.23/0.60 1.49/0.88
Simulated time trial on the track n=24 n=12 n=12
Delta simulated on the track vs 10-km race (km/h) -0.67 -0.74 -0.60
ICC 0.96 (0.91-0.98) 0.94 (0.80-0.98) 0.93 (0.78-0.98)
Cronbach’s alpha 0.98 0.97 0.97
Correlation 0.97 0.94 0.95
TE/SEE 0.87/0.14 0.91/0.18 0.82/0.18

Note. CV: critical velocity; ICC: intraclass correlation coefficient; TE: total error; SEE: standard error of estimation. *p<.05.

Figure 2. Agreement between the velocities estimated through 
the critical velocity test and the mean velocity of the 10-km 
race. A – total group, B – males, and C – females.

Figure 3. Agreement between the velocities determined at the 
anaerobic threshold and the mean velocity of the 10-km race. 
A – total group, B – males, and C – females.
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CV, the AT, and the simulated time trial on the track 
and the 10-km race velocity.

As shown in Figure 5, the percentage differ-
ence showed that the CV presented the lowest delta 
in relation to the velocity of the 10-km race, with 
2.6% for women and 4.8% for men, both overesti-
mating the velocity of the 10-km race. On the other 
hand, both the simulated time trial on the track and 
the CV showed a tendency to underestimate the 
velocity of the 10-km race (between 5.0 and 6.0%, 
respectively).

Discussion and conclusion
The main results of the present study showed 

good agreement and reproducibility between the 
velocities determined by the CV, AT, and simu-
lated time trial on the track with the real-time of 
a 10-km official race. These results corroborate 
the findings of another study (Souza, et al., 2014), 
which analyzed the predictive capacity of the AT 
determined in the laboratory and Montreal Test 
(MT) (Léger & Boucher, 1980) for performance 

at distances of 1.5, 5.0 and 10.0 km. The authors 
found that performance prediction from the AT 
determined in both protocols (laboratory and MT) 
was dependent on the running distance. Also, physi-
ological indexes obtained in a laboratory test that 
was able to predict performance in the 1.500 m, 
5.000 m and 10.000 m tests were similar to indexes 
obtained in MT, and indexes derived from MT had 
higher ability to predict performance than indexes 
derived from laboratory tests in the three distances 
analyzed.

Our results also partially corroborate the find-
ings of another study (Santos, et al., 2012) that 
associated VO2MAX, the velocity at which VO2MAX 
and CV were achieved with the performance 
in the 3.6-km ascending race, 10 km and 21 km 
in men and women. The authors found that CV 
presented high and significant association with all 
the distances studied, proving to be an adequate 
predictor of aerobic performance. However, they 
pointed out that the indirectly estimated VO2MAX

 

was the variable with the best association with 
race performance in the 10-km and 21-km races. 
In the present study, our focus was on the compar-
ison of velocities determined by field and labora-
tory methods, although we verified the association 
between VO2MAX and the actual running speed in 
the 10-km race. Here, our results diverge from the 
previously reported study, since the highest corre-
lations were found between the official running 
speed of 10 km and CV (R=.93) and the simulated 
time trial on the track (R=.97) to the detriment of 
comparisons with VO2MAX (R=.88) and the velocity 
at which VO2MAX was reached (R=.89). On the other 
hand, we believe that these divergences cannot be 
understood by the simple metrical comparison of 
Pearson’s linear correlation, nor used to indicate 
greater or less predictive or explanatory capacity. 
Although correlation is a strong indicator of asso-
ciation between two variables, in this case, there is 
a certain limitation, since the units and magnitudes 
of the measurements are different, therefore, it is 
not possible to use tests that measure the compar-
ison between the means, its variance and error size.

Figure 4. Agreement between the mean velocities established 
in a simulated time trial on the track and in a 10-km race. A 
– total group, B – males, and C – females.

Figure 5. Delta percentage of the difference between the 
velocities determined by the CV, AT and simulated time trial 
on the track, and the 10-km race.
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The CV, when compared to the velocity estab-
lished by the AT and the simulated time trial on the 
track, showed the lowest absolute and delta percent-
ages, the highest CCI and Cronbach’s alpha, as well 
as the lowest SEE concerning the time of a 10-km 
official race. Also, the paired t-test showed that 
the velocities determined by the CV and AT were 
similar to the time of the 10-km race in women, 
showing that the CV and AT for females already 
presented themselves as good predictors of running 
speed in a 10-km race. However, in studies of this 
nature, we cannot rule out or accept the viability 
of an instrument only by the absence or presence 
of significant difference established through the 
paired t-test, since other important tests and calcu-
lations are needed that can help establish the instru-
ment’s possible agreement and reproducibility as 
well as greater credibility. In the present study, 
comparisons using the Bland-Altman plot showed 
that all residual scores were within the range of 
agreement. Moreover, the agreement and reproduc-
ibility between the velocities calculated by CCI and 
Cronbach’s alpha were considered excellent for the 
CV, AT and the simulated time trial on the track, 
according to the classification of reference estab-
lished in literature (Fleiss, 1999). Furthermore, the 
absolute and percent delta values, as well as the total 
error and standard error of estimate were considered 
low in the present study. The results also showed 
that the CV presented the smallest delta percentage 
in relation to the running speed of the 10-km race, 
overestimating the running speed of the 10-km race 
by 2.6% for women and by 4.8% for men. Alter-
natively, the simulated time trial on the track and 
the AT underestimated the running speed of the 
10-km race by between 5.0% and 6.0%, respec-
tively. Finally, the total error and standard error of 
estimate were mostly less than 1 km/h for the CV 
and the simulated time trial on the track and close 
to 1.5 km/h for the AT, which allows us to infer 
that the velocities determined through the CV, AT 
and simulated time trial on the track showed good 
reproducibility and agreement about the running 
speed of 10-km race.

Demonstrating the predictive capacity of CV 
with other important variables such as aerobic 
performance (Hughson, Orok, & Staudt, 1984; 
Kranenburg & Smith, 1996), lactate and venti-
latory thresholds (Moritani, Nagata, Devries, & 
Muro, 1981; Smith & Jones, 2001; Wakayoshi, et 
al., 1992, 1992), swimming (Garatachea, et al., 
2006; Wakayoshi, et al., 1992) and cycling (Hiyane, 

Simões, Sílvia, & Campbell, 2006) performance 
is not new in literature. Another study evaluated 
the validity of the CV for determining the effects 
of training on the anaerobic threshold in endur-
ance runners and confirmed that the CV had good 
validity for the determination of the AT before, but 
not after a four-week training program (Denadai, et 
al., 2003). The authors report that there was a loss of 
sensitivity between the AT and the CV to identify 
the adaptations induced by the training, justifying 
that the mechanisms that determined the adapta-
tions in lactate responses and the CV may not be 
the same (Denadai, et al., 2003). This difference in 
pre- and post-training moments can be explained 
by the principle of biological individuality, since 
the adaptations acquired through training may be 
different depending on individual aspects such as 
age, gender, rest time, genetic aspects, and food, 
among others.

Thus, the extrapolation of the results of the 
present study should be applied with caution 
throughout a training program. Although the veloci-
ties determined by the CV, AT and the simulated 
time trial on the track showed good applicability 
and are useful tools for physiologists and endur-
ance runners’ coaches in determining the pace, 
race strategy and choice of training intensities 
throughout the periodization, their use should be 
one of the variables used as a parameter for the 
training and the race strategy, since other equally 
important variables should be considered. Also, 
both the CV and the simulated time trial on the 
track can be used as a low-cost, easy-to-apply, and 
reliable tool for use in endurance runners.

The limitation of the present study was the non-
performance of all the tests at the same time of 
day. However, the distribution of the tests was rand-
omized, except for the race and the 10-km simulated 
time trial. Besides, there were no great climatic 
variations during the tests. Another limitation is the 
impossibility of ensuring that the athletes complied 
with the recommendation not to perform vigorous 
exercises 48 hours before each experiment, though, 
messages were sent and phone calls were made to 
the athletes remembering the need to follow the 
recommendations before the tests.

We concluded the measurement of the CV 
determined on the track with only two distances 
(400 m and 2,000 m), the AT determined in labo-
ratory conditions and the simulated time trial on 
the track were valid to estimate running speed in a 
10-km race, once a good agreement was observed.
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