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Predicting Competition Performance in Short Trail Running
Races with Lactate Thresholds

by
Volker Scheer'?3, Solveig Vieluf’, Tanja I Janssen’, Hans-Christian Heitkamp?

Trail running is a popular sport, yet factors related to performance are still not fully understood. Lactate
thresholds have been thoroughly investigated in road running and correlate strongly with race performance, but to date
few data are available about the value in trail running performance prediction. We examined 25 trail runners (age 31.2
+5.1years, BMI 22.2 + 1.82 kg/m?) with an initial graded exercise test for measurement of VOzmax (59.5 £ 5.2 mlkg min-
1) and lactate thresholds (LT): LTAET (LT aerobic) 1.03 = 0.59 mmol/l; 11.2 + 1.1 km/h), IAT (individual lactate
threshold) (2.53 + 0.59 mmol/l; 15.4 + 1.6 km/h) and LT4 (lactate threshold at 4 mmol/l) (16.2 + 1.9 km/h). All runners
subsequently participated in a 31.1 km XS trail race and 9 runners in a 21 km XXS trail race. Race performance times
correlated negatively with the XS trail run (LTAET: r=-0.65, p <0.01; LT4: r=-0.87, p <0.01; IAT: r=-0.84, p < 0.01)
and regression analysis showed that race performance could be predicted by: LT4: -324.15xLT4+13195.23 (R?=.753, F1,23
=70.02, p <0.01). A subgroup analysis showed higher correlations with race performance for slower than faster runners.
No correlations were found with the XXS race. Lactate thresholds can be of value in predicting trail race performance
and help in designing training plans.
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Introduction

Trail running is attracting a growing
number of participants, especially in ultra-
endurance distances and even among children
(Scheer, 2019; Scheer and Hoffman, 2018). It is
defined by the International Trail Running
Association (ITRA) as a pedestrian foot race in
natural environment (mountain, desert, forest,
plain) with less than 20% of the race course on
paved or asphalt roads (ITRA, 2018). Trail running
has been recognised by the International
Association of Athletics Federation (IAAF) as a
separate sport discipline and races are classified in
seven different categories depending on the
distance and elevation, ranging from short XXS
races (up to 24 km) to XXL races (in excess of 210
km) (ITRA, 2018) and are often held in challenging
environmental conditions. Due to the high and
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versatile demands that occur during trail running,
it is of great importance that athletes prepare in a
targeted and comprehensive way. Medical,
nutritional, biochemical and physiological aspects
related to trail running preparation and
consequences have been well researched (Hoffman
et al., 2014; Millet and Millet, 2012). However, data
on performance predictions in trail running are
still relatively scarce (Balducci et al, 2017;
Ehrstrom et al., 2017; Fornasiero et al., 2017; Scheer
et al, 2018a) and this may partly be due to the
complexity of trail running with its prolonged
uphill and downhill running sections, over uneven
terrain, placing different physiological and
biomechanical demands on the musculature and
the human body compared to road running
(Degache et al., 2013; Giandolini et al., 2016;
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Giovanelli et al, 2016). Lower limb muscular
strength and resistance to fatigue are important
factors in trail running and have been shown to
correlate to performance (Balducci et al., 2017;
Ehrstrom et al.,, 2017; Fornasiero et al., 2017;
Giovanelli et al., 2016; Lazzer et al., 2015).

Anthropometric variables and data on
training characteristics are also important factors
in predicting race performance, especially in road
running (Knechtle et al, 2014, 2011, 2010;
O’Loughlin et al., 2019; Riist et al., 2011; Schmid et
al., 2012). Body fat content and running speed
during training sessions are particularly useful
predictors in half marathon running, both in
women and men (Knechtle et al., 2014, 2011; Riist
et al.,, 2011), whereas in recreational marathon
runners body mass, body mass index, various skin-
fold thicknesses measurements, maximal training
distance per week, number of running training
sessions per week and running speed during
training sessions are important predictors of race
time (Schmid et al., 2012). Similar findings have
been observed in longer running distances such as
ultramarathon running (Knechtle et al., 2010;
O’Loughlin et al., 2019).

Physiological variables such as maximal
oxygen uptake (VO:mmax) (Ehrstrom et al, 2017;
Fornasiero et al., 2017; Giovanelli et al., 2016) and
running economy (RE) are important factors in
predicting trail race performance (Lazzer et al.,
2015; Scheer et al., 2018¢; Vernillo et al., 2015). In
endurance running, performance prediction is well
established and the classical model has been
accepted widely including variables such as
VOomax, percentage of VOmmax (% VOimay),
ventilatory thresholds (VT) and running economy
(RE) (Barnes and Kilding, 2015; Larsen, 2003).
However, in a short trail running race this classical
model was only able to predict 48% of race
performances (Ehrstrom et al, 2017). Another
study investigated VOzmax, submaximal running
intensities and previous year’s race performance
and this model predicted 99% of a short trail
running race performance (Scheer et al., 2018a).
However, numerous different laboratory tests
need to be performed to reach those predictive
numbers, thus applying only one physiological test
or marker to predict performance may be of
benefit.

Lactate thresholds (LT) are classical
performance predictors, especially in road

running and cycling (Faude et al., 2009). It is
widely accepted that LTs are a measure for aerobic
endurance performance and the relationship of
lactate thresholds (LTs) with competitive
performance is well established (Faude et al., 2009).
Furthermore, the concept of aerobic-anaerobic
transition is important for training prescription
(Kindermann et al., 1979). Lactate concentrations
have been measured since the 1960s when the
enzymatic method for measuring lactate
concentrations from capillary blood samples was
developed (Faude et al., 2009). Research has mainly
focused on LT concepts in road running, which
have been shown to correlate strongly to race
performance (Faude et al., 2009; Sales et al., 2017;
Svedahl and MacIntosh, 2003), but to date little is
known about LT and performance prediction in
trail running (Scheer et al., 2018a).

Our aim was to examine established LT
concepts (fixed and individual LT) in a group of
trail runners and evaluating them in two different
short trail running competitions, gaining further
insight into the value of classical performance
predictors in trail running. Our hypothesis was
that LT would correlate with performance in a
short trail running race and that we would be able
to predict race performance.

Methods

Participants

Twenty-five trail runners from local
running clubs participated in this study. They were
recruited through announcements at local running
clubs and local Internet groups for runners. Only
healthy, male trail runners, between the ages of 18-
40 years, were allowed to participate. Runners
were defined as trail runners when they completed
the majority of their training on trail surfaces and /
or had previously participated in trail running
competitions as defined by ITRA. Some athletes
participated very successfully in local and regional
competitions, but none of them were part of the
national team or at top level in the ITRA
performance ranking. Female runners, runners
with concurrent health issues or injuries or not
within the age range set (<18 or >40 years) were not
allowed to participate in the current study. All
athletes were informed of the protocol prior to the
first test and provided written, informed consent to
participate. The internal review board of the
Arztekammer ~ Westfalen-Lippe  and  the
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Westfalische Wilhelms Universitat, Miinster,
Germany, approved all procedures and research
was conducted according to international ethical
standards (Harriss and Atkinson, 2015).
Design and Procedures

All runners were healthy, without current
injuries and familiar with treadmill running. They
completed a graded incremental exercise test (step
test) for lactate measurements and indirect
calorimetry on the treadmill. The step test was
preceded by a 3 min warm up at 6.0 km/h and then
started at a speed of 8.0 km/h, with increases of 2.0
km/h every 3 min until task failure (Scheer et al.,
2018b). The treadmill slope was 1.0% (Jones and
Doust, 1996). After each step capillary blood lactate
(bLa) measurements were taken. Capillary blood
was drawn from the right ear lobe, and filled into
a plastic capillary end to end tube. This was done
at rest, after each step and at termination of the
exercise test. Samples were analyzed with Biosen
S-line (EKF diagnostics, Barleben, Germany). The
aerobic lactate threshold (LTAER) was defined as
the point at which blood lactate (bLA) began to rise
above baseline levels (Kindermann et al., 1979).
Anaerobic lactate thresholds (LTAN) were
obtained as individual and fixed thresholds. The
individual anaerobic threshold was defined as the
running  speed at a net  increase
in lactate concentration of 1.5 mmol/l above
the lactate concentration at the aerobic lactate
threshold (Roecker et al., 1998). The fixed LTAN
was obtained at a speed of 4 mmol/l (LT4) (Faude
et al., 2009). The lactate curve was obtained using
the lactate software program Ergonizer (Ergonizer,
sportmedizinische
Leistungsdiagnostik, K.  Rocker, Freiburg,
Germany).

Software fur

Continuous measurements of ventilatory
variables and oxygen uptake were performed with
a breath by breath gas and volume analyzer
(Metalyzer 3B, Cortex Biophysik, Leipzig,
Germany). VOzmax values were accepted either in
the presence of a plateau in oxygen uptake or
attainment of established secondary criteria
(Howley et al., 1995). The heart rate was obtained
via bluetooth (Cardio 100 BT, Custo med,,
Ottobrunn, Germany) and the treadmill used was
h/p/cosmos Pulsar 3p (Traunstein, Germany). The
RPE was measured using the 6-20 point Borg scale
immediately at the end of each test (Borg, 1985).

All exercise tests took place within 1-6
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weeks of the trail race competition and the races
took place four weeks apart. All runners completed
alocal trail running competition, classified as an XS
trail race according to the ITRA category
(Hermannslauf 31 km trail race, positive elevation
515 m, negative
www.hermannslauf.de). Nine runners
additionally completed an XXS trail competition
according to the ITRA category (Luisenturmlauf
21.1 km, positive elevation 550 m, negative

elevation 710 m;

elevation 550 m; www.lcsolbad.de). Finishing
times were obtained from official race results
through the race websites (www.hermanslauf.de
and www .lcsolbad.de).
Statistical Analyses

Statistical analysis was performed with
SPSS for Windows (version 24.0; IBM Corp,
Armonk, NY). Descriptive data were reported as
means, SD, and 95% confidence intervals. The
Kolmogorov-Smirnov test was used to test for
normal distribution. To examine the relationships
between selected outcome measures (LTAET, LT4,
IAT) and the race results, the Pearson product-
moment correlation coefficient (r) with a 95%
confidence interval was calculated. Linear
regression analysis was performed to predict the
value of race results for either the XS trail races
from laboratory outcome measure LT4. Effect sizes
for correlations are given in r and for regression
analysis in R2 Statistical significance was set at p <
0.05 for all analysis.

Results

Basic data, anthropometric measurements
and training history from participants are
presented in Table 1. Results from the graded
incremental exercise test are shown in Table 2. Race
results for the 31 km XS trail race were 02 h 12 min
24 s £ 00 h 12 min 01 s. The subgroup of 9 runners
competing in both trail runs completed the XS race
in 02 h 14 min 40 s + 00 h 09 min 47 s and the XXS
trail race of 21.1 km in 01 h 27 min 33 s £ 00 h 06
min 52 s. Performance values did not correlate for
both runs within the group of 9 runners that
finished both races (r = 0.45; p = 0.23).

Figure 1 shows the correlation between
LTAET, LT4 and IAT with race results for the XS
trail race.

Correlating the race performance times
with the selected test measures showed that speeds
at LTAET, LT4 and IAT correlated negatively with
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the XS trail run (LTAET: r=-0.65, p <0.01; LT4: r =
-0.87, p <0.01; IAT: r =-0.84, p < 0.01), but not with
the XXS trail run (LTAET: r =-0.26, p = 0.50; LT4: r
=-0.32, p=0.40; IAT: r =-0.39, p = 0.30). This means
the higher the speed at the thresholds, the better
the XS race performance. Similarly, regression
analysis showed that race performance could be
predicted by the LT4: -324.15 x LT4 + 13195.23 (R?=
753, F123=70.02, p < 0.01).

A subgroup analysis between faster and
slower runners (XS trail race < 02 h 10 min and >2
h 10 min) correlating LTAET, LT4 and IAT to the
race time is presented in Figure 1. Correlations are
higher for slower (LTAET: r=-0.49, p =0.07; LT4: r
=-0.78, p < 0.01; IAT: r = -0.78, p < 0.01) than for
faster runners (LTAET: r=-0.17, p=0.63; LT4: r = -
0.65, p =0.03; IAT: r =-0.58, p = 0.06) (Figure 1).
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Correlations between race results for the XS trail race and laboratory measures (in
km/h) for the slow (light grey) and fast (dark grey) runners, as well as the overall group
(black) (LTAET - aerobic lactate threshold, LT4 - lactate threshold at 4 mmol/l, IAT-
individual lactate threshold).

20

Participants” characteristics as means, standard deviations (SD) and lower and upper
confidence intervals (CI) per group.

Table 1

Variables Mean SD Lower 95% | Upper 95%
CI CI
Age 31.23 5.12 28.96 33.12
Body mass (kg) 72.72 8.73 69.11 76.32
Height (cm) 180.98 7.21 178.00 183.96
BMI (kg/m?) 22.20 1.82 21.39 22.94
Training time/week 4.96 1.47 4.34 5.58
()
Weekly running 77.27 28.74 65.13 89.41
distance (km)®
Years of running® 7.10 5.37 4.65 9.53
Best time 10 km ) 00:34:32 00:08:09 00:30:49 00:38:15
Best half marathon 01:11:04 00:28:06 00:59:12 01:22:56
time

“data from 24 runners; Ydata from 21 runners
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Table 2
Overview of laboratory test outcomes as means, standard deviations (SD) and lower
and upper confidence intervals (CI) per group.

Variables Mean | SD Lower 95% CI Upper 95% CI
VO2max (mlkg1'min-) 59.48 5.17 57.34 61.62
vVO2max (km/h) 19.42 1.66 18.74 20.10
Max. heart rate (HR) (b/min) 185.28 10.26 181.04 189.21
RER 1.28 0.07 1.25 1.31
RPE (Borg) 18.92 1.00 18.51 19.33
Lactate rest (mmol/l) 0.84 0.30 0.72 0.97
Lactate end (mmol/l) 9.96 2.29 9.01 10.90
Lactate 3 min post exercise 10.55 2.55 9.50 11.61
LTAET (mmol/l) 1.03 0.59 0.78 1.27
LTAET (km/h) 11.22 1.10 10.76 11.67
LTAET HR (b/min) 140.76 12.08 135.77 145.58
IAT (mmol/1) 2.53 0.59 2.28 2.78
IAT (km/h) 15.35 1.63 14.67 16.02
IAT HR (b/min) 168.72 9.95 164.61 172.83
LT4 (km/h) 16.20 1.93 15.40 17.00
LT4 HR (b/min) 173.24 9.17 169.46 177.02

Discussion

The aim of the present study was to
examine LT concepts in a group of trail runners
and to evaluate their value for predicting
performance in trail running. The main findings of
our study were that LT correlated with race
performance times in a short trail running
competition and that race performance could be
predicted with greater precision in slower
compared to faster runners. This is in line with our
hypothesis that LT are of value in predicting short
trail running performance.

A number of different LT concepts exist,
mainly the LTAET, fixed LT or individual LT

© Editorial Committee of Journal of Human Kinetics

(IAT) concepts (Faude et al., 2009). The obvious
gold standard to validate a LT concept is to
compare it with recent competition performance in
an endurance event or to assess its value in
predicting endurance performance in an
endurance event (Faude et al., 2009). We measured
LT during a graded exercise test and compared
race results of two short trail running races to
assess its value in performance prediction. Our
findings demonstrated that LT4 and IAT correlated
best with the XS trail race (r = 0.87 and r = 0.84,
respectively) while correlation for LTAET was r =
0.65. The correlation was higher for a subgroup of
slower runners compared to faster ones. In road
running,
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correlations between LT and running performance
vary depending on the race distance investigated
and they range between 0.43 and 0.93 in endurance
events from 800 m to 16.1 km (Faude et al., 2009)
and between 0.68 and 0.98 in running distance
between 19.3 and 42.2 km (Farrell et al., 1993;
Faude et al., 2009; Roecker et al., 1998; Sjodin and
Jacobs, 1981).

Our findings that LT4 and IAT correlated
better with race performance than LTAET are
similar to previous results in road running where
fixed LT and IAT have been shown to be better
predictors of race performance between 19.3 and
422 km than LTAET (Fohrenbach et al.,, 1987;
Roecker et al., 1998; Tokmakidis et al., 1998). This
is not surprising when considering the concept of
aerobic-anaerobic transition as a framework of
lactate diagnosis for performance and training
prescription in endurance sports (Kindermann et
al., 1979). This concept consists of two breakpoints,
with a low intensity range at the intensity at which
bLa begins to rise above baseline levels (aerobic
threshold) and at higher workloads leading to an
equilibrium between lactate production and lactate
elimination (anaerobic threshold) (Kindermann et
al.,, 1979). Exercise intensities at LTAET can be
maintained for long hours (e.g. during
ultramarathons) or used as regenerative sessions in
high level endurance athletes (Kindermann et al.,
1979). Intensities above LTAET result in bLA
elevation, but as long as steady state conditions are
maintained exercise and can be maintained for
prolonged periods of time (Baron et al., 2008).
Exercise intensities above the anaerobic threshold
can be used for interval training sessions in
endurance sports (Faude et al., 2009).

LT4 correlated better for predicting race
performance compared to IAT, however, when
using those values for designing training plans it
needs to be remembered that fixed LT such as LT4
do not take into account considerable
interindividual differences and may underestimate
(particularly in anaerobically trained subjects) or
overestimate (in aerobically trained subjects) real
endurance capacity (Faude et al., 2009).

Our results may be of value in the
assessment of trail runners as graded incremental
exercise tests for the measurements of lactate
thresholds are routine in many exercise physiology
labs (Scheer et al., 2018a). Training prescription can
be tailored according to the aerobic-anaerobic

model and training gains observed with continued
lactate tests, as a rightward shift of the lactate curve
(lower bLa at given workload) can demonstrate
improved endurance capacity (Bosquet et al,
2002), whereas a leftward shift can show a
worsening endurance capacity (Mujika and
Padilla, 2001).

LT have previously only been investigated
in a small group of highly trained trail runners, as
part of a prediction model comparing various
exercise tests, demonstrating the importance of
physiological
combined with previous year’s race performance
of the same trail race, predicting 99% of a short trail
running race (Scheer et al., 2018a). In the current
study we examined the importance of lactate
thresholds in an XS trail race, where performance
can be predicted with the following formula: LT4:
-324.15 x LT4 + 13195.23 (R2=.753, F123=70.02, p <
0.01). Performance in a shorter XXS trail race could
not be predicted with the available data, possibly
due to the specific race characteristics and low,
heterogeneous participant numbers.

However, the results from this study
demonstrate the importance of LT in trail runners,
as it can help predict short trail running
performances and can help in prescribing training
plans, similarly as has been well documented in

submaximal measurements

road runners. Studies on different trail races
(distance and elevation) will help clarify the
importance on lactate thresholds in trail running.

From a practical perspective these results
are important as this is the first one to demonstrate
that LT do not only provide valuable data for race
prediction and training in road running, but also in
trail running. This is especially useful for the
practitioner, since graded exercise tests with the
measurements of LT are often routinely used in
many exercise physiology labs and coaches,
scientist and physicians can draw valuable
information from those results.

Limitations

Lactate levels are known to be influenced
by depleted glycogen stores, e.g. low carbohydrate
diet or preceding exhaustive exercise (Yoshida,
1986). Athletes were instructed to abstain from
exhaustive exercise at least 24 hours prior to the
exercise test and none of the athletes were known
to engage in low carbohydrate diets. Lactate levels
may also be influenced by muscle fibre
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composition, glycolytic and lypolytic enzyme
activity, capillary or mitochondrial density
(Midgley et al., 2007), but we were not able to
assess these factors in our group of athletes.
Methodological issues, such as length of step
duration of the graded exercise test, anatomical site
of lactate blood extraction and methods of lactate
analysis have been shown to influence results
(Faude et al., 2009), but have been used in a
standardized manner by experienced personnel in
our laboratory setting. We recognise that other

165

current study was to evaluate the value and extent
of lactate thresholds in predicting performance.

Conclusions

Lactate thresholds can be of value in
predicting trail race performance and aid therefore
in designing valuable training plans. Race
performance times correlated in 84% with an XS
trail run. A subgroup analysis showed higher
correlations with race performance for slower than
faster runners.

factors are more than likely to influence trail
running performance prediction, but the aim of the
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