©Journal of Sports Science and Medicine (2016) 15, 239-246
http://www.jssm.org

Research article

Comparison of Level and Graded Treadmill Tests to Evaluate Endurance

Mountain Runners

Pascal Balducci ">, Michel Clémencon *, Baptiste Morel !, Géraud Quiniou *, Damien Saboul*? and

Christophe A. Hautier’

! University Lyon, Université Claude Bernard Lyon 1, LIBM, F-69622, Villeurbanne, France; > Almerys, Clermont-

Ferrand, France

Abstract

Mountain endurance running has increased in popularity in
recent years. Thus the aim of the present study was to determine
if maximal oxygen uptake (VO,max) and energy cost of running
(C,) measured during level and uphill running are associated.
Ten high level male endurance mountain runners performed
three maximal oxygen uptake tests at three slope conditions (0,
12.5 and 25%). Metabolic data, step frequency (SF) and step
length (SL) were recorded. No significant differences were
found in VO,max (63.29 (+3.84), 63.97 (+3.54) and 63.70
(+3.58) mlO,kg™-min™) or associated metabolic data at 0, 12.5
and 25% slope respectively. High intra-individual correlations
were found between metabolic data measured in the three condi-
tions. The energy cost of running was significantly different
between slopes (0.192 (£0.01), 0.350 (+0.029) and 0.516
(+0.035) mlO, kg™ -min, p < 0.01), 0, 12.5 and 25% respective-
ly. However, Crqy, was not correlated with either Crosg, Or Cris sy,
(rs = 0.09 and ry = 0.10), in contrast, Crasy, and Crip sy, Were
correlated (rs = 0.78). Step length was positively correlated with
speed under the three slope conditions. Step frequency was
significantly lower at 25 compared to 12.5 and 0% slope. We
found that the maximum aerobic power did not differ between
level and graded treadmill tests. However, the increase in Cr on
the inclined versus level conditions varied between subjects.
None of the measured anthropometric or kinematic variables
could explain the higher increase in Cr of some subjects when
running uphill. Thus, a short graded (5min at 12.5%) running
test should be performed at a submaximal velocity (around 40%
of level vWO,max) to enhance understanding of an endurance
runner’s uphill capability.

Key words: uphill running, VO,max, energy cost of running,
step frequency.

Introduction

The recent popularity of mountain endurance running has
led to the growth of a new field of experimentation in the
sports sciences. Many studies (Hoffman et al., 2012;
Millet et al., 2011; Millet and Millet, 2012; Saugy et al.,
2013) have focused on neuromuscular fatigue during
extreme trail running races. As previously reported (e.g.
di Prampero et al., 1986), long-distance running perfor-
mance depends on several factors: maximal oxygen up-
take (VO.,max), the energy cost of running (Cr) and the
fraction of VO,max that can be sustained throughout a
race. These parameters are usually measured during level
and/or shallow slope uphill running. However, little is
known about how parameters measured during level run-

ning are related to uphill running performance in a homo-
geneous group of well-trained mountain runners. Many
studies (Margaria et al., 1963; Minetti et al., 1994; 2002,
Padulo et al., 2012; 2013; Snyder and Farley, 2011) have
investigated the bioenergetics and mechanics of running
on level and sloped surfaces. Inclined protocols seem to
elicit higher VO,max values in untrained subjects
(Astrand and Saltin, 1961; Taylor et al., 1955) in compar-
ison to horizontal protocols but the results reported for
trained subjects differ among studies. Some studies re-
ported a higher VO,max with an inclined treadmill proto-
col compared to a horizontal treadmill protocol
(Paavolainen et al., 2000) whereas other studies (Davies
et al., 1974; Kasch et al., 1976) found no significant dif-
ferences in VO,max values. Wilson et al. (1979) reported
a higher VO,max during a horizontal compared to an
inclined protocol. It may be that specifically trained sub-
jects exhibit smaller differences in VO,max between level
and uphill running since their muscles are well adapted to
uphill locomotion.

The energy cost of running on level and on posi-
tive gradients has been extensively investigated (di
Prampero et al., 1986; 2009; Hoogkamer et al., 2014;
Lussiana et al., 2013; Margaria et al., 1963; Minetti et al.,
1994), even on extreme slopes (>20%) (Minetti et al.,
2002). Generally, Cr is independent of speed (Dill, 1965,
Margaria et al., 1963) and depends on the incline and on
the characteristics of the terrain (Minetti et al., 1994;
Soule and Goldman, 1972; Zamparo et al., 1992). Accord-
ing to Minetti et al. (2002), uphill Cr can be calculated
from level Cr, but individual differences cannot be deter-
mined. Considering that many factors are influencing Cr
(Lacour and Bourdin, 2015; Saunders et al., 2004) and
that individual characteristics may generate different
adaptative strategies to uphill running, it can be hypothe-
sized that some runners may have an inferior (greater) Cr
in level running and a superior (lower) Cr in uphill run-
ning, and vice versa. Thus, it is not yet possible to ascer-
tain whether uphill Cr is associated with level Cr in a
homogenous group of high level mountain endurance
runners.

The aim of the present study was to determine if
uphill running performance can be predicted, based on
level treadmill tests or if uphill testing is required to pre-
dict performance in a homogenous group of high level
mountain endurance runners. Maximal oxygen uptake and
the energy cost of running measured during level tread-
mill tests were compared to data obtained during moder-
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ate (12.5%) and extreme (25%) slope running tests. It was
hypothesized that there would be no difference in the
maximum aerobic power between slope condition and
participants would maintain the same rank for VO,max. .
It was expected that Cr would increase with slope and it
was hypothesized that the ratio between Cr level and Cr
uphill would vary between individuals depending on
morphological parameters namely: differences in knee
extensor force, stride length and stride frequency.

Methods

Participants

Ten high-level male endurance mountain runners partici-
pated in the present study (age 38.5 + 6.4 [mean £SD]
years, height 1.77 £ 0.08 m, mass 69.8 + 8.6 kg, Body
Mass Index 22.3 + 1.9 kg/m?2). Subjects were chosen for
their high level of performance in trail running. They all
ranked in the top 25 best runners of the French TTN (Na-
tional Trail Tour). Moreover, their velocity at VO,max
(vWWO,max), between 5.00 and 5.56 m-s™* (18 and 20
km-h™)) and their training load (between 8 and 12 hours
running per week) were consistent during the course of
the study. Subjects trained on the level and on different
slopes. The subjects were healthy, without injuries, and
were not taking any medication. The participants did not
undergo any strenuous training in the three days before
each test. Written informed consent was obtained from
the subjects, and the study was conducted according to the
principles laid down in the Declaration of Helsinki. Ap-
proval for the project was obtained from the Lyon 1 Uni-
versity Ethics Committee on human experimentation.

Procedure

The present study was conducted in a three week period
with one test-protocol per week per subject. Each test
took place in the morning, at least two hours post-
absorptive. All participants wore their same competition
shoes for the three sessions. Each protocol was conducted
in a randomized order. After a ten minute standardized
treadmill warm-up (60% of vVO,max), knee extensor
force was measured using an isokinetic dynamometer
(Biodex 3, Biodex, Shirley, NY). Then, subjects were
equipped with a breath-by-breath metabolic measurement
system (Metamax 3B Cortex, Leipzig, Deutschland). A
resting blood lactate concentration ([La]r) was measured
one minute before each maximal oxygen uptake test at
0,12.5, or 25% slope. All tests were performed on a mo-
torized treadmill (h/p/cosmos quasar med, 3.3 kW). Dur-
ing the test, metabolic data, step frequency (SF) and step
length (SL) were recorded. A final blood lactate concen-
tration ([La]f) was measured three minutes after the end
of the test, in order to calculate the blood lactate accumu-
lation ([BLA] = [La]f — [La]r).

Incremental tests

Attaining VO,max depends on test duration (Astorino et
al., 2004, Midgley et al., 2007), here the stage duration
was the same (2min) whatever the slope, but running
velocity of the first stage and velocity increments (0.28
m-s* (1 kmh™) at 0%, 0.14 m-s* (0.5 km-h™) at 12.5%
and 0.08 m-s? (0.3 km-h™) at 25%) were calculated in

accordance with Margaria et al. (1963) and Minetti et al.
(2002) on the basis of the individual vWO,max, which
was measured one week beforehand with a continuous
multi-stage track test (Léger and Boucher, 1980).

The treadmill velocity and incline settings were
calibrated before and after each test. Percent grade was
expressed as being equal to the tangent x 100.

Peak torque

Maximal voluntary isometric strength (IMVC) of the right
knee extensors was assessed at 90° (full knee extension =
0°). The force was recorded by a force sensor (Ergometer
® - Globus Italia S.r.l., Codogne, Italia) using a custom-
built chair. The IMVC force plateau was determined over
a 500-ms period.The subjects sat with their hips at 80°
and were tightly strapped across the chest, hips, and the
working leg to avoid lateral and frontal displacement.
They were also asked to cross their arms over the chest
during the voluntary contractions to limit the involvement
of peripheral muscles. The participants performed an
IMVC of three seconds (twice), with thirty seconds be-
tween each contraction. Peak torque was identified for
each contraction by the dynamometer software. The value
retained was that of the average of the two peak contrac-
tions.

Oxygen uptake, energy cost of running, ventilatory
flow rate, ventilatory threshold, velocity at VO,max
Gas exchange was measured during each treadmill proto-
col. O, consumption (VO,) and CO, production VCO,)
were then calculated and expressed as STPD. VO,max
was determined as the maximal value of VO, over a thirty
seconds sliding window. The VO,max was reached when
criteria described by Bertuzzi et al. (2012) were met. The
velocity at VO,max was established as the minimal speed
that elicited VO,max. If a runner achieved VO,max dur-
ing a stage that could not be maintained for one minute,
the speed in the previous stage was defined as vvVO,max
(Bertuzzi et al. (2012).

Ventilatory flow rates were expressed in I-min™
(BTPS). Energy cost of running, expressed in mlO,-kg’
L. m™ at a given speed was calculated during the last thirty
seconds of each stage as in equation 1:

Cr = (V0,-0.083)

m.v

(equation 1)

with VO, (mlO,s™), v (m-s™), m (kg) and the con-
stant 0.083 (mIOz-s'l) is the , value when v = 0, extrapo-
lated from the relation VO, — v, established by Medbg et
al. (1988) in young men. Only the energy cost below an
individual’s ventilatory threshold (VT) was calculated.
V/Ts were determined by the visual method of Wasserman
et al. (1973) and verified by three independent experi-
menters (Vallier et al., 2000). They are reported as per-
centages of VO,max (Table 1).

Heart rate, blood lactate, rating of perceived exertion

Heart Rate (HR) was continuously measured by a heart
rate monitor (Polar RS800) in beats per minute (b-min™).
Blood lactate (mmol-I') was taken by fingerstick and
immediately analyzed (Lactate Pro (LT-1710), Arkray,
Japan). The subjective difficulty was assessed by a Rating
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of Perceived Exertion (RPE) scale (0-10), one minute
after the end of each test.

Gait analysis

Step length (SL) and step frequency (SF) were recorded
for each protocol and at each speed, using an Optojump
Next, a floor-based photocell system (Optogait, Micro-
gate, Bolzano, Italy) validated by Lienhard et al. (2013),
fixed on the treadmill. A camera (30 frames/second) is
integrated into the system. As the Optogait device could
not register reliable data at 25% of slope (most likely due
to the shuffling gait), video recordings were used to calcu-
late SF (SF = number of strides divided by time). SL was
derived using the following formula: Stride length =
speed of the treadmill (m-s™) / stride frequency.

Statistical analysis

Descriptive statistics are presented as means (+ SD). Sta-
tistical analysis was performed using Statistica
(Statsoft.com, 2011). The effect of slope and velocity on
dependent variables was assessed using Friedman's Rank
Sum Test (Friedman’s ANOVA), and the Wilcoxon test
for post-hoc testing. A P-value < 0.05 was considered
statistically significant. Linear regression analysis, using
the nonparametric Spearman correlation coefficient (r),
was used to indicate the strength of the association be-
tween measured and estimated vWO,max, and between
physiological parameters measured during level and in-
clined protocols.

Results

vVO,max achieved during uphill tests 2.92 + 0.17 m-s*
(10.50 + 0.62 km-h™) at 12.5%, and 1.90 + 0.09 m-s™
(6.85 + 0.33 km-h™) at 25%) were strongly associated (r;
=0.88, p<0.01 and ry = 0.71, p < 0.05 respectively) with
vWO,max obtained from level tests (5.22 + 0.26 m's™
(18.8 + 0.92 km.h™)). There was no difference in VO,max
values due to slope (Table 1 and 2). VO,max values
measured under the three conditions were significantly
correlated (Table 3).

There was no difference in maximal heart rate.
There was no statistical difference between values for
VEmax, between level and graded conditions, and this
parameter was also correlated between tests (Table 3).
There was no difference in blood lactate accumulation
between 0, 12.5 and 25% protocols; this parameter was
strongly correlated between tests except between 12.5 and
25% (rs = 0.52) (Table 3). Lastly, no difference was found
between 0, 12.5 and 25% slope for test duration, RPE and
VT.

There was a significant difference for Cr between
slope conditions (Figure 1A). Energy cost was independ-
ent of speed at 0 and 12.5 but not at 25% (p = 0.02). Only
Crs0, and Cry 50, Were associated (rs = 0.78) whereas Crgy,
was not associated with either Crasy, 0r Cryss (rs = 0.09
and r; = 0.10), (Table 3).

Table 1. Mean values for physiological and metabolic data measured at three conditions of slope: 0, 12.5 and

25%. Data are means (+SD).

Parameter / Condition 0% 12.5% 25%

VO, max (ml-min*kg?) 63.3 (3.9) 64 (3.5) 63.7 (3.6
HRmax (b-min) 182 (6) 181.9 (4.9) 182 (8)

VE (I'min™) 152.2 (23.8) 159.0 (23.0) 159.0 (22.6)
VT (%VO,max) 90.4 (2.4) 90.6 (2.6) 91.3(2.3)

Cr (mlO,~.kg™m™) .192 (.007) 350 (.029) ** 516 (.035) ** ##
[La]r / [La]f (mmol-I™) 2.8(2.2)/13.1(2.7) 2.0(.8)/12.3(3.3) 3.7(27)/112.7 (2.4)
Test duration (s) 920 (78) 960 (116) 908 (100)
Rating of Perceived Exertion 8.6 (1.1) 8.25 (.9) 8.6 (1.0)

* = significant difference between 25% or 12.5 % and 0%; *: p < 0.05, **: p < 0.01. # = significant difference between 25% and

12.5%; #: p < 0.05, ##: p <0.01.

Table 2. Individual, physical and physiological data vVO,max (velocity at VO,max), BMI (Body Mass Index), and Cr (Ener-
gy cost of running). In the last three columns, inter-athlete ranking for Cr is provided in brackets. For example, athlete num-
ber 8 with the 9" Cr at 0% of slope, had the lowest Cr at 12.5 and 25% of slope.

T T SR
Subjects AT AT Mkass kBMI_Z tgfc?lu(e vVL(;}:r?:ax V;)zmax (mlomln kgo) oCr(mIOZIO(g = )0
o9 (M) (k) (kom)  ctdmbYy 0% 125%  25% 0% 125%  25%
1 42 170 590 204 1101 528(19) 645 620 603 .189 (4) .335(3) .487(3)
2 36 169 690 242 1213 556(20) 681 707 686 .189(4) .352(6) .512(5)
3 40 177 816 260 1432 5 (18) 586 628 606 .186(2) .353(7) .503(4)
4 38 169 625 219 1051 556(20) 652 666 670 .181(1) .347(5) .517(6)
5 29 190 860 238 1330 528(19) 625 638 631 .186(2) .358(8) .545(8)
6 47 182 730 220 9638 5 (18) 600 601 593 .189(4) .324(2) .468(2)
7 49 175 652 213  100.6 5 (18) 595 583 613 .195(7) .343(4) .560(10)
8 32 172 620 210 1026 556(20) 707 669 705 .202(9) .302(1) .467(1)
9 33 189 710 199 1871 5 (18) 615 645 625 .195(7) .397(10) .557(9)
10 39 174 690 228 1447 5 (18) 623 639 639 .203(10) .392(9) .543(7)
Mean 385 177 698 223 1244 522(188) 633 640 637 192 350 516
+SD 64 .08 86 19 282  .26(.92) 3.9 35 36 007 029 035
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Table 3. Correlation matrix between two conditions of slope for VO, max (mlO,-kg™*-min™), Heart Rate Max (HRMax, b-min®
1), Ventilatory Flow Rate (Vg I'min™), Energy Cost of running (Cr, mlOykg™m™), Blood Lactate Accumulation (BLA,
mmol-I1), Step frequency (SF, Hz), Step Length (SL, m) and velocity at VO,max (vVWO,max, km-h™).

Cor. Coef. VO, max HRmax VE Cr BLA SF SL vVO,max
0% / 12.5% TT** .70%* 94K *x .10 78%* 73%* .62 .88***
0% / 25% .88*** .64* .90%** .09 74%* .78% 72%* 71*
12.5% / 25% .84%* T9** .85%* 78%* .52 g3 ¥** g ¥x* 89F**

* p<0.05, *: p<0.0L, ** p<0.001.
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Figure 1. A. Energy cost of running (Cr, mlO,.kg™.m™) measured at five velocities at the Ventilatory Threshold at the three
conditions of slope. Significant differences, p < 0.01, have been observed between 0, 12.5 and 25%. There was a speed effect only at 25%, p <
0.05 and no differences observed between the five speeds at 0 and 12.5%. B. Step Frequency (SF, Hz, step.s™) measured at five velocities
at the Ventilatory Threshold at three conditions of slope. SF increased with speed at 0 and 25% grade and SF at 25% was significantly
lower than that observed at 12.5% and 0%, p < 0.05. C. Step length (SL, m) measured at five velocities at the Ventilatory Threshold at
the three conditions of slope. (SL significantly increased with speed in each condition and SL at 25% was significantly lower compared to SL at
12.5% (p < 0.01) and SL at 0% (p < 0.01) in the same way, SL at 12.5% was significantly lower than SL at 0% (p < 0.05)). Energy Cost of Running,
Step Frequency and Step Length measured at five velocities at the Ventilatory Threshold under the three slopes conditions.
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Step Frequency was calculated at each stage of
each slope (Figure 1B). SF at 25% was significantly lower
compared with 12.5 and 0%, but there was no difference
between SF at 12.5 versus 0%.

Concerning Step Length (Figure 1C), statistical
differences were observed between 0, 12.5 and 25% of
slope. SL at 25% was significantly shorter versus 12.5
and 0% (p < 0.01). SL at 12.5% was significantly shorter
compared with 0%.

The increase in Cr between level and graded con-
ditions expressed in absolute (ml-m™kg™) or relative (%
of level Cr) units was not related to anthropometric char-
acteristics (body mass, height and body mass index) or
knee extensor force. In the same way, the absolute and
relative increases in Cr were not related to changes in SF
or SL.

Discussion

The purpose of the present study was to determine if
individual factors related to performance, determined
during level running could be accurate predictors of uphill
running performance in mountain runners. The present
study demonstrated that VO,max and physiological pa-
rameters (HRmax, VEmax, VT) measured during incre-
mental running tests are not significantly influenced by
slope in a homogeneous group of well-trained mountain
endurance runners. Contrastingly the energy cost of run-
ning was significantly different between 0, 12.5 and 25%
slope running. Moreover, the present study shows that the
increase in the energy cost of running between level and
uphill conditions differed between trained subjects. Indi-
vidual differences may partly explain why uphill running
performance cannot be predicted from level running tests
and justifies the measurement of Cr in uphill running
tests.

Heart rate, blood lactate accumulation and test du-
ration during the three tests were in accordance with the
guidelines of a maximal aerobic test (e.g. Bertuzzi et al.,
2012). Running velocity of the first stage and velocity
increments calculated from previous studies (Minetti et
al., 1994; 2002) allowed all subjects to achieve VO,max
in approximately the same duration. Moreover VO,max
measured during uphill running was not significantly
different to that measured during level running. This is in
accordance with the studies of Kasch et al. (1976) and
Davies et al. (1984) but differs from the results reported
by (Astrand and Saltin, 1961, Taylor et al., 1955). These
different results may be explained by factors that limit
VO,max among runners of different ability. Untrained
subjects may stop exercise prior to attaining VO,max
because of severe functional alterations at the local mus-
cle level (Levine, 2008). In the present study, it can be
hypothesised that the highly trained subjects reached their
maximal oxygen transport capacity during level running.
In the present study there was no significant difference in
VO,max values, regardless of slope. This means that
VO,max can be measured during level running even for
subjects engaged predominantly in mountain running. The
present results failed to demonstrate any difference in VT

among the different conditions. Additionally, BLA was
not different. This tends to indicate that the anaerobic
contribution to energy supply is comparable during level
and uphill running in highly trained mountain runners.
Therefore, data from the present study suggests that nei-
ther VO,max nor VT, expressed in percentages of
vWO,max, are influenced by slope in well trained sub-
jects. It demonstrates that these parameters can be accu-
rately measured during level tests and that the results are
directly transferable to uphill running.

In accordance with previous studies, energy cost of
running increased between level, 12.5 and 25% slope
(Margaria et al., 1963; Minetti et al., 1994). Despite stag-
es of shorter duration (2 versus 4 min), the mean net Cr
values calculated during the present study were very simi-
lar to those reported or calculated by (Hoogkamer et al.,
2014; Vemillo et al., 2014), and the gross Cr calculated in
the present study are slightly higher than those reported
by (di Prampero et al., 1986; 2009; Minetti et al., 2002).
Cr at a given grade was not influenced by speed, except at
25% (p < 0.05) (Figure 1A) which seemed to be related to
running with the Cortex mask which obscured a view of
the feet. The present study showed for the first time, that
Cr varied individually with slope. For example, a 50% Cr
increase was observed for some subjects from 0 to 12.5%
whereas other subjects experienced a 104% increase un-
der the same conditions (Table 2). The importance of
energy cost in mountain ultra-marathon performance is
still debated (Millet, 2012; Millet et al., 2012; Vernillo et
al., 2014; 2015), nevertheless it is interesting to observe
that individuals vary widely in their uphill Cr. For exam-
ple, two subjects (subjects 6 and 7, Table 2) have similar
VO,max values, and the same vVO,max during level
running; one of them would theoretically lose almost ten
minutes during a 5km race run at 75% of VO,max on a
25% slope (52min vs. 61min 53s), due to a higher energy
cost of running. However, it should be kept in mind that
the present results were measured on a treadmill, and that
individual differences in Cr from level to uphill running
may be sensitive to differences in running technique.
Considering that Cr can be improved by appropriate train-
ing (Barnes et al., 2013), it can be hypothesized that Cr
during uphill running could be improved in runners show-
ing a large difference between Cr of level and uphill run-
ning.

The fact that some subjects increased Cr less than
others may be explained by different parameters like
anthropometric characteristics, maximal muscle force,
rate of force development (Vernillo et al., 2014), muscle
recruitment, internal and external mechanical work and
the negative/positive work ratio related to the storage of
elastic energy. Considering the last parameter, some sub-
jects may retain a better use of elastic energy during up-
hill running by optimizing their centre of mass displace-
ment (Margaria, 1938). Minetti et al. (1994) found that at
inclines of 15% and steeper, purely positive mechanical
work was generated. Thus, with a 25% uphill slope, dif-
ferences in Cr between subjects cannot be explained by
differences in the capacity to store and or return elastic
energy. Muscle recruitment and mechanical work were
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not directly measured in the present study although SF
and SL may be considered as indirect indicators of run-
ning technique (Chen et al., 2009). However, SF was
strongly associated among subjects between 0, 12.5 and
25% uphill running and no association was found between
changes in Cr and changes in SF between level and grad-
ed running. This suggests that individual differences in SF
cannot explain differences in Cr between level and graded
running. In the same way, SL changes were strongly re-
lated to running velocity regardless of slope and not relat-
ed to differences in Cr. Therefore, simple kinematic pa-
rameters cannot explain individual differences in Cr in-
crease between level and graded running and further stud-
ies are needed to elucidate more precisely these data.
Additionally, the present results demonstrated that body
mass, height and body mass index were not related to the
increase in Cr between conditions. The maximal isometric
force of the knee extensors (peak torque in N.m) was not
related to SL and changes in SL between conditions, and
we found no association between force and the Cr of each
participant, nor between force and the individual increase
in Cr from level to graded running. This is surprising
since it could be hypothesised that physically stronger
subjects may be less affected by the slope, inducing fewer
changes in running kinematics and thus a smaller increase
in Cr when running uphill. However, it should be kept in
mind that only the isometric force was measured which
does not correspond to the predominant muscle contrac-
tion mode used in running. Further studies are needed to
determine why some subjects are more affected by slope
from a biomechanical point of view. This would make it
possible to prescribe strength and or technical training for
high level mountain runners to improve Cr during uphill
running.

Conclusion

In conclusion, the results of the present investigation
demonstrated that level VO,max and VT are not signifi-
cantly different compared with the same measures during
uphill running among highly trained endurance mountain
runners, indicating that these parameters can be reliably
measured during a level treadmill test. On the contrary,
level Cr is not a predictor of uphill Cr in a homogenous
group. Therefore, as Cr is crucial for endurance perfor-
mance (Lacour and Bourdin, 2015; di Prampero et al.,
1986; 2009) and because the time spent running uphill is
characteristic of mountain and trail racing, uphill running
Cr should be measured during an additional uphill run-
ning test. Considering the fact that Cr at 12.5 and 25%
grades were strongly associated (rs = 0.78) and the fact
that Cr was not influenced by speed, a short graded (5min
at 12.5%) test should be performed at one submaximal
velocity (around 40% of level vWO,max) to evaluate a
runner’s uphill “efficiency”. This uphill Cr may be com-
pared to the theoretical one that can be calculated from
level Cr and the equation reported by di Prampero et al.(
2009) to assess uphill running ability. Considering that no
variables measured so far can explain intra-individual
differences in energy cost, further studies may be con-
ducted to evaluate the influence of anthropometric, mus-

cular and coordination variables that determine an in-
crease in uphill Cr (Williams and Cavanagh, 1987).
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Key points
e In elite endurance mountain runners, there is no

difference in VO,max values between level and
uphill running.

e In a homogeneous group of mountain runners,
uphill Cr is not associated with level Cr.

e To assess performance potential of endurance
mountain runners, a standardized uphill running
protocol should be performed.
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