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Training and Testing
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■■■■ The purpose of this study was to determine whether the
critical swimming velocity (Vcrit) corresponds to the velocity at
lactate threshold (V-LT) in elite triathletes. Eight elite triathletes
(5 male, 3 female; age 26 ± 4 years; height 1.7 ± 0.1 m and body
mass 75 ± 4 kg) participated in the study. Vcrit, defined as the
speed that could theoretically be maintained indefinitely with-
out exhaustion, was expressed as the slope of a regression line
between swimming distance covered and the corresponding
times of five time trials over 100, 200, 400, 800 and 1500 m
and all combinations of these. Lactate threshold (LT) was deter-
mined by visual inspection as the point of first inflection of the
lactate-work rate curve following 5 × 300 m swims of increasing
velocity which were paced using the Aquapacer (Challenge and
Response, Inverurie, Scotland). Velocities of the 300 m swims
were – 10, – 5, 0, + 5 and + 10 % of the average 100 m pace from
a 1500 m time trial. Vcrit was similar regardless of the combina-
tion or number of time trials used in the linear regression. For all
subjects Vcrit was significantly faster (p < 0.05) than V-LT
(1.23 ± 0.11 m · s–1and 1.15 ± 0.10 m · s–1 respectively). Blood lac-
tate concentrations were also significantly higher (p < 0.05) at
Vcrit (3.0 ± 1.0 mM) than at LT (1.9 ± 0.4 mM). Results from the
present study demonstrate that Vcrit can be calculated from
any two time trials in triathletes, however Vcrit did not repre-
sent V-LT in triathletes. Since Vcrit is faster than V-LT it is unlikely
to be sustained indefinitely and consequently the notion of Vcrit
should be re-evaluated in light of these findings.

■ Key words: Critical velocity, lactate threshold, triathlon,
swimming.

Introduction

The concept of critical power was originally proposed for use
with synergistic muscle groups [6] and has been adapted to to-
tal body work in sporting activities such as cycling [4], kayak-
ing [2] and swimming [9,11 – 13,15]. With regard to total body
work in swimming and running, critical velocity (Vcrit) is de-
fined as the speed which can theoretically be maintained
indefinitely without exhaustion [11], and is expressed as the
slope of the regression line relating distance covered and cor-
responding times of a series of maximal effort time trials.

Lactate threshold (LT) is defined as the submaximal exercise
intensity that invokes a sudden and sustained increase in
blood lactate concentration [5]. Increased lactic acid produc-
tion results from the onset of anaerobic glycolysis to supple-
ment aerobic energy production at an individual specific exer-
cise intensity. The associated increase in H+ with increasing
lactic acid results in metabolic acidosis, a primary vehicle of
fatigue. The underlying mechanics of LT clearly indicate that
at exercise intensities up to the LT, where minimal energy is
supplied by anaerobic glycolysis, exercise could be maintained
for a prolonged period of time without fatigue.

Triathlon requires individuals to compete for a period of 2 – 14
hours depending on the event and expertise of the athlete [8].
A determinant of success, therefore, is to complete each disci-
pline at optimal pace without creating fatigue, thus a high lac-
tate threshold is advantageous to the competitive triathlete
[7,8]. The assessment of LT in swimming is complicated not
only by the reluctance of individuals to undergo invasive blood
sampling, but also to the inability to accurately control swim-
ming speed during free swimming [12]. Recent advances in
pacing systems may result in a more accurate method of
pacing when determining LT.

Determination of Vcrit in competitive swimmers has previous-
ly required the completion of a series of maximal effort swims
covering distances from 50 m to 400 m [12,13]. These time
trials are considerably short and the validity of calculating an
indefinitely sustainable speed from time trials lasting < 5 min-
utes should be viewed with caution. The Vcrit of competitive
swimmers has been reported to be equivalent to blood lactate
concentrations of 4 mM [11]. Exercise at 4 mM blood lactate
can usually be sustained for no longer than 1 hour [3] and
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therefore further questions the concept of an indefinitely sus-
tainable velocity at Vcrit.

The aims of the present investigation were to identify the in-
fluence of long distance time trials on the calculation of Vcrit
and to compare Vcrit with V-LT.

Method

Subjects

Eight elite triathletes (5 male, 3 female; age 26 ± 4 years;
height 1.7 ± 0.1 m and body mass 75 ± 4 kg) participated in the
investigation. Following approval by the institution’s ethical
committee and before participating in the study, the proce-
dures of the study were fully explained to each subject who
then gave written informed consent.

Determinations of critical velocity

Subjects were asked to complete five time trials of 100, 200,
400, 800 and 1500 m with at least 24 hours recovery between
each time trial. All swims were completed from a push off and
at maximal effort. The slope of the linear regression line was
calculated from all possible combinations of 2 – 5 time trials
(Fig. 1). Additionally Vcrit-5TT (5 time trials) was plotted onto
the lactate curve to indicate associated blood lactate concen-
trations.

Determination of lactate threshold

Following a controlled 400 m warm-up, subjects completed
5 × 300 m swims of increasing velocity which were paced
using the Aquapacer (Challenge and Response, Inverurie, Scot-
land). Velocities of the 300 m were – 10, – 5, 0, + 5 and + 10% of
the average 100 m pace from a 1500 m time trial completed
the week before testing. The Aquapacer was programmed to
emit a 'bleep' at designated time intervals, for an even paced
swim, equivalent to the end of each length. Subjects' were in-
structed to 'turn on the bleep ensuring that their feet touched

the wall on the bleep'. Results of a pilot study found that the
reproducibility of swimming at a given pace over three sepa-
rate trials was very high (ratio limits of agreement = ∗ /÷ 1.00).
A minute rest separated each 300 m swim and during this time
a single capillary blood sample was taken from the earlobe. A
calibrated lactate analyser (Analox, Hammersmith, UK) deter-
mined blood lactate concentration. Lactate threshold (LT) was
determined by visual inspection, by two independent observ-
ers, as the point of first inflection of the lactate-work rate curve
[14].

Statistical analysis

Dependent t-tests were used to compare critical velocity with
velocity at lactate threshold and also blood lactate concentra-
tions of each. One-way ANOVA was used to compare the values
of Vcrit from all combinations of time trials. A critical level of
0.05 was set for all analyses.

Results

The number or combination of trials used in the linear re-
gression did not result in a significantly different Vcrit
(p > 0.05) (see Table 1). Combinations of trials where shorter
time trials were predominant over the longer distance time
trials resulted in a faster Vcrit compared with Vcrit-5TT
(p > 0.05). Mean Vcrit-5TT (1.23 ± 0.11 m · s–1) was significantly
faster (p < 0.05) than mean V-LT (1.15 ± 0.10 m · s–1) and this
was true in all subjects. Similarly, mean blood lactate concen-
trations were significantly higher (p < 0.05) at Vcrit-5TT
(3.0 ± 1.0 mM) than at LT (1.9 ± 0.4 mM).

Discussion

The inclusion of 800 m and 1500 m time trials had no signifi-
cant effect on the resultant Vcrit (Table 1). In support of these
findings Wakayoshi et al. [13] reported that 800 m and 1500 m
time trials lay very close to the regression line calculated for
distances between 200 m and 1500 m in a pilot study of com-
petitive swimmers. In contrast, Wright and Smith [15] report-
ed that Vcrit 50/200/600/1200 m was significantly slower than

Fig. 1 Method for determining critical swimming velocity.

Table 1 Mean ± (S.D.) of Vcrit on selected combinations of time trials

Time trials Vcrit (m · s–1 )

100/200/400/800/1500 m 1.23 (0.10)

100/200/400/800 m 1.24 (0.10)

200/400/800/1 500 m 1.22 (0.11)

100/200/400 m 1.27 (0.12)

200/400/800 m 1.24 (0.10)

200/400/1500 m 1.22 (0.11)

400/800/1500 m 1.22 (0.11)

100/200 m 1.25 (0.09)

200/400 m 1.28 (0.13)

200/1500 m 1.22 (0.11)

400/1500 m 1.22 (0.11)

800/1500 m 1.21 (0.13)

F = 0.332 (p > 0.05)
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Vcrit 50/200/600 m (p < 0.05). These different findings may be
related to the relationship between swimming speed and
swimming economy which varies from swimmer to swimmer.
Vandewalle et al. [10] indicated that calculation of Vcrit in
swimming may be invalid due to complexities of this relation-
ship, however, the consistent linearity between distance and
speed regardless of number and combination of trials in the
present study indicates that swimming economy was relative-
ly constant for the triathletes.

The results of the present study indicate that Vcrit-5TT does
not represent V-LT in elite triathletes. For all subjects, Vcrit-
5TT was significantly faster than V-LT (p < 0.05). It could be ar-
gued that the increments in velocity in the LT test were rela-
tively severe and that consequently LT may be underestimat-
ed. Comparison of Vcrit-5TT to V-LT, however, reveals that in
most subjects Vcrit-5TT was more than one increment above
the V-LT implying that Vcrit-5TT would still have been faster
than V-LT if smaller increments in swimming velocity had
been used.

Differences in Vcrit-5TT and V-LT are best illustrated through
an example of the practical application of the results. V-LT
may be utilised to prescribe a specific swimming pace to be
used in a training programme to develop LT. By calculating
limits of agreement [1] it is possible to indicate the range of
Vcrit-5TT compared to the V-LT. From the results of the present
study, a 300 m swim pace at Vcrit-5TT may vary by as much as
30 s either side of the pace equivalent to V-LT. Such a range in
pace would invoke a variety of metabolic demands from the
athlete rather than specifically being focused on the LT.

The blood lactate concentration associated with Vcrit-5TT in
the present study is slightly lower than previously reported
values. Wakayoshi et al. [11] reported a mean blood lactate val-
ue of 4.23 ± 0.67 mM at Vcrit in male swimmers, although Vcrit
was slower (1.16 m · s–1). Differences in Vcrit and blood lactate
at Vcrit between triathletes and competitive swimmers are
likely to reflect the different metabolic demands of competi-
tive swimming and competitive triathlon and the training pro-
grammes employed by the two athletic groups.

Although the aims of the investigation were not to validate
Vcrit from a theoretical perspective, the findings of the study
have resulted in the need to question the physiological mean-
ing of Vcrit from the current definition. It is unlikely that a
swimming velocity that generates a blood lactate concentra-
tion of 3.2 mM (Vcrit-5TT) could be sustained indefinitely
since in the subject population 3.2 mM is above the LT. Swim-
ming at Vcrit-5TT would, for the triathletes, be inducing a de-
gree of metabolic acidosis to occur. Although this acidosis
would be relatively small, it would nevertheless lead to the on-
set of fatigue prior to the depletion of fuel stores. Future re-
search should focus on clarifying the physiological nature of
Vcrit and examine its implications to performance.

In conclusion, longer time trials have no effect in calculating
Vcrit in triathletes assuming efficient technique throughout.
Additionally, Vcrit cannot be used as a simple non-invasive al-
ternative in the determination of LT in triathletes since it con-
sistently over estimates the V-LT.
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