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Abstract
The aim of this study was to assess the reliability of a novel ield test of critical running speed (CS). Ten trained
male distance runners completed a familiarisation trial plus three separate experimental trials on a standard 400 m
athletics track. Each trial consisted of three distances (1200, 2400 and 3600 metres) that were selected to produce
inishing times in the region of 3, 7 and 12 minutes respectively. Participants were instructed to cover the set distance
in the fastest time possible. Participants rested for 30 minutes between efforts. Data were modelled using the linear
distance-time model, described by the equation: d = (CS x t) + ARC, where: d = distance run (m), t = running time
(s), and ARC = anaerobic running capacity (m). Results demonstrated a coeficient of variation (CV) of 2.0% (95%
conidence limit (95% CL): 1.4–3.8%) for trials 2–1 and 1.3% (95% CL: 0.9–2.4%) for trials 3–2. There was no
signiicant difference in CS (m s-1) across trials (P<0.05). The limits of agreement were ±0.27m s-1 of the measure
for trials 2–1 and ±0.18 m s-1 for trials 3–2. ARC proved to be less reliable with a group CV of 18.4% (95% CL: 13.5–
39.9%) for trials 2–1 and 9.8% (95% CL: 7.0–19.6%) for trials 3–2. Although the assessment of ARC is less reliable,
CV data are similar to those reported previously during laboratory-based testing.

Keywords: Critical velocity; Endurance; Running, Economy;
Anaerobic work capacity

Introduction
It has been suggested that the Critical Power (CP) demarcates the
heavy and severe exercise domains [1] and as such corresponds to an
exercise intensity which lies between
that associated with the lactate

threshold and that eliciting V O2max [2]. Consequently, CP has been
associated with overall athletic performance in long-duration events
[3,4]. he concept of CP has been applied to treadmill running [5],
that is, where the relation between treadmill running velocity and time
to exhaustion conforms to a hyperbolic function similar to that seen
in cycling. his relationship has traditionally been termed Critical
Velocity, however as the present study utilised a ield test where
subjects were required to run a set number of laps of an athletics track,
Critical Speed (CS) is a more appropriate term. herefore, to allow
standardisation of terminology CS will be used for the remainder of
the paper, regardless of whether the reference is to treadmill or ield
testing.
Many early ‘critical power’ studies calculated CP by plotting the
total work done against the time taken to complete that work. For
running exercise this model has been transformed into a distancetime model, where the total distance covered was plotted against the
time taken to cover that distance [6]. his transformation of the CP
model can be described by a linear relationship, where the slope of the
regression line calculates CS and the y-intercept is termed anaerobic
running capacity (ARC).
he traditional method of testing CS in a laboratory involves
athletes completing a set number of time-to-exhaustion (TTE) trials at a
constant speed on the treadmill. Constant speed trials have been shown
to have poor reliability with coeicients of variation ranging from 15.1%
to 25% [7,8]. his is supported by similar research in both cycling and
swimming, which also demonstrated the poor reliability of constant
power/speed trials [9,10]. However, research into the reliability of the
CS and ARC parameters is limited. Hinckson and Hopkins (2005)
looked at the reliability of CS and ARC measured on a treadmill. hey
demonstrated good reliability of CS data (coeicient of variation 1.8%),
but poor reliability of ARC data (coeicient of variation 14%). hese
researchers used constant speed trials where participants were required
to run to exhaustion at three pre-set constant speeds that resulted in
exhaustion times of approximately 1–2, 3–4 and 7–10 minutes.
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Constant distance trials, where the athlete is required to cover a
set distance in the fastest possible time, have been shown to have a
far better reliability, with coeicients of variation ranging from 3.3%
to 3.7% [7,11]. Due to the limitations of the manual speed control
measures on standard motorised treadmills, such trials are arguably
best performed in a ield-based setting. However, there appears to be
no research on the reliability of CS and ARC using constant distance
trials. herefore, the purpose of the current study was to assess the
reliability of CS and ARC determined in the ield on an athletics track.

Materials and Methods
Subjects
Following institutional ethics approval, ten trained male middle

distance runners (age: 22±4yrs; V O2max 69.1±4.2mL.kg-1.min-1) were
recruited for the study. All athletes were competitive club or national
standard runners who had been competing for a minimum of 2 years.
Subjects refrained from heavy exercise in the 24 hours prior to all tests
and from food in the 3 hours prior to all tests. Tests for individual
subjects were completed at the same time of day to eliminate a possible
efect of circadian rhythms [12].

Experimental design
Each subject completed ive experimental visits. At visit
1, subjects

completed an incremental exercise test to determine V O2max , whilst
during visit 2 subjects completed a familiarisation of the ield test
protocol. During visits 3, 4 and 5 subjects completed repeated tests of
the ield test protocol.
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Determination of subject characteristics
Subjects completed a 5-min self-paced warm-up [13], on an
H/P/Cosmos Saturn 4.0 treadmill (H/P/Cosmos Sports and Medical,
Nussdorf-Traunstein, Germany) set to a 1% gradient as recommended
by Jones and Doust (1996). Following a 5-min self-selected stretching
routine, subjects completed a two-phase
protocol [14] to determine


-1
-1
running
economy
(mL.kg
.km
),
V O2max , and velocity at V O2max (v

V O2max ). At the end of each 3-min stage during phase 1, treadmill
speed was increased by 1.0 km·h-1. Phase 1 of the protocol was
terminated when the subject reached a lactate concentration >4.0
mmol·L-1. Following a 15-minute recovery, the second phase of the
test was initiated at a speed 2.0 km·h-1 below the speed at which the
subject completed phase 1. Whilst treadmill speed remained constant
throughout phase 2 of the protocol, treadmill gradient was increased by
1% every minute until volitional exhaustion. Pulmonary gas exchange
was measured breath-by-breath (MetaLyser 3B, Cortex Biophysik,

Leipzig, Germany). V O2max was recorded as the highest mean oxygen
consumption over a 60-s period.

Determination of critical speed
Critical Speed was calculated from three constant distance runs
(3600, 2400, 1200 m) carried out on a competition standard 400 m
outdoor running track. hese distances were estimated to yield inishing times between 2 and 12 min [5]. Testing was only carried out
when wind speed was less than 2.0 m·s-1 [15]. Subjects completed a
standardised warm-up (5-min self-paced jogging, followed by a 5-min
stretching routine). Subjects were then instructed to cover the set distance in the fastest time possible. Finishing times for the three distances
were recorded to the nearest second. All three runs were conducted in
the order of longest to shortest, on the same day, with a 30-min rest between them. Linear regression was used to calculate CS and ARC from
the results of these trials using the d = (CS x t)+ARC model, where: d =
distance run (m), CS = critical running speed (m·s-1), t = running time
(s), and ARC = anaerobic running capacity (m).

Data analysis
Data were assessed for normality of distribution. To assess the stability reliability of CS and ARC, the within-subject variation, expressed
as a coeicient of variation (CV), was derived from log-transformed
data [16]. he 95% conidence intervals were calculated for each CV.
Conidence intervals (95% CI) of the CV and 95% limits of agreement
were calculated per participant to assess the variability of the repeated
tests [16]. Comparisons of CS and ARC across days were assessed using repeated measures ANOVA. Statistical signiicance was set at 95%
conidence (P < 0.05). Results are reported as mean ± SD unless otherwise stated.

Results
A mean group typical error, expressed as a coeicient of variation,
of 2.0% (95% conidence limit (95% CL): 1.4–3.8%) for trials 2–1
and 1.3% (95% CL: 0.9–2.4%) for trials 3–2 was found. here was no
signiicant diference in CS across trials (P<0.05). Repeated measures
ANOVA also conirmed the absence of an order efect in the data. he
limits of agreement were ±0.27m·s-1 of the measure for trials 2–1 and
±0.18 m·s-1 for trials 3–2, (Figure 1). ARC proved to be less reliable with
a group CV of 18.4% (95% CL: 13.5–39.9%) for trials 2–1 and 9.8%
(95% CL: 7.0–19.6%) for trials 3–2, (Figure 2), although this variability
did not result in signiicant diferences between trials (P>0.05).
Based on a mean CS of 4.72m.s-1 and the mean CV for CS of 1.7%,
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an athlete would have to improve their CS by 0.08m.s-1 in order to
detect a meaningful change in performance. heoretically this could
be achieved by an improvement of just over 1 second per lap during the
constant distance trials.

Discussion
he results of the current study demonstrate that critical speed
can be reliably tested using a novel same day ield test. he mean CV
of 1.7% is similar to that previously reported in the literature [17] for
laboratory based testing of CS. A 5% coeicient of variation has been
cited as an acceptable upper limit in sports science reliability studies
[18]. Given that the CV values observed were below this boundary we
might consider CS from the novel ield test to be reliable. In agreement
with previous literature [17] ARC proved to be less reliable, with a CV
of 14.1%. herefore, the CS and ARC reliability results of the current
study are similar to those reported previously during laboratorybased testing. However, such a level of variation in ARC is unlikely
to be acceptable when evaluating the relatively small training-induced
changes seen in well-trained athletes [16]. Such a conclusion is
supported by limits of agreement analyses which suggest that, with an
approximate 95% probability, the diferences between the test and retest
of ARC in an individual from the well-trained running population will
at best, lie between ± 48m.
Assuming that the bias is negligible, ratio limits of agreement
suggest that, between any two tests, CS may typically difer by 4.7%
and ARC by 39.0%, in a positive or negative direction. he coeicient
of variation for both CS and ARC decreased from trials 2–1 to trials
3–2, although there were no signiicant diferences in CS or ARC across
trials (P<0.05). hese results suggest the need for several familiarisation
trials before using the novel constant distance ield trial to monitor
performance.
Most of the previous literature investigating CS has required a
subject to run at a set speed until exhaustion. hese have traditionally
been shown to have poor reliability with coeicients of variation
ranging from 15.1 to 25% [7,8] Similar indings have been reported
in both cycling [9] and swimming [10]. Hinckson and Hopkins [17]
used a variety of approaches to produce estimates of test-retest error
of measurement calculated from times to exhaustion. All reliability
estimates were <3%, and some were ~1%, resulting in the authors
stating that their indings should lay to rest any concerns that time
to exhaustion is inherently an unreliable measure of endurance
performance.
A major criticism can be levelled at the use of constant speed trials
in testing CS, typically performed on a treadmill. hese trials are not
ecologically valid, and do not mimic any training or race situation for
a competitive athlete. In training and racing athletes are required to
cover a set distance in the fastest time possible, and are rarely (if ever),
required to run at a constant speed until exhaustion. In the current
study we decided to take the more ecologically valid approach of using
constant distance trials. Even so, one disadvantage of this approach is
the potential inluence of pacing. he potential impact of poor pacing
strategy was decreased in the current study by the selection of trained
distance runners as participants. However, alterations in pacing might
indicate why the CV decreased over the time course of the repeated
experimental trials.
A novel aspect of the constant distance ield trial used in the
present study was that each of the individual runs used to model CS
and ARC were completed with a 30-min recovery period between
them. his allowed the whole testing session to be completed within
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Figure 1: Bland-Altman plots of the Critical Running Speed test–re-test differences between trials 1 and 2 [left] and trials 2 and 3 [right]. The solid horizontal lines
represent mean bias, whilst the dashed lines represent the 95% limits of agreement.

Figure 2: Bland-Altman plots of the Anaerobic Running Capacity test–re-test differences between trials 1 and 2 [left] and trials 2 and 3 [right]. The solid horizontal
lines represent mean bias, whilst the dashed lines represent the 95% limits of agreement.

a 2-hour time frame. Traditionally when CS and ARC are tested in a
laboratory on a treadmill, recovery periods in excess of 24 hours are
commonly used [13,19] making this a protracted approach. he results
of the current study demonstrate that the constant distance ield trial
is a reliable method of assessing CS and ARC that may present a more
attractive option to sports scientists, athletes and coaches wishing to
monitor physical itness, endurance performance, and design optimal
pacing strategies.
Using the novel ield test a coach could gain information on an
athlete’s aerobic and anaerobic capabilities, from the CS and ARC
parameters respectably. As the testing procedure takes a relatively
short length of time, these parameters could be monitored at regular
intervals through a season to assess the impact of training on CS and
ARC. Previous research in cycling has indicated that Critical Power
increases following a period of interval endurance training [20,21],
and Anaerobic Work Capacity increases following a period of power
or sprint training [22].
Using the following equation the distance-time relationship can be
used to calculate the quickest time in which an athlete could complete
a set distance:
t = (D-ARC)/CS [23]
Where t = predicted time taken to complete a set distance and D = the
chosen set distance.
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his prediction of performance could provide a runner with a
realistic target to aim for in competitive races. Predicted performance
from the distance-time relationship has shown good correlation with
actual performance over distances ranging from 10,000m [24] to the
Marathon (Florence and Weir, 1997).
An athlete and their coach could also use information obtained
from the distance-time relationship to formulate pacing and tactical
strategies aimed at maximizing competitive performance [25]. For
example, in a competitive race situation the best tactical pacing strategy
for an athlete with a relatively low CS but a high ARC, might be to slow
the pace and use their high ARC to full efect in a sprint inish [25].
Finally, it has been suggested that the distance-time relationship
can be used to rank
runners in terms of ability. Successful athletes not

only need a high V O2max, but also the ability to sustain a high percentage
of this value for the duration of their event - i.e. they need good aerobic
endurance.
Gamelin et al. (2006) suggest that CS takes into account

both V O2max and aerobic endurance. herefore, they suggest that CS
should be used to rank middle and long distance runners with regard
to their ability in long-distance running events.

Conclusion
he results of the current study demonstrate that a novel constant
distance ield trial reliably assesses CS and produces reliability data
comparable to that previously reported using constant speed trials. Al-
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though the assessment of ARC is less reliable, coeicients of variation
are also similar to those reported previously during laboratory-based
testing. herefore, the novel constant distance ield trial could be used
as a suitable, more ecologically valid alternative to treadmill based constant speed trials when assessing CS and ARC.
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