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Abstract  
The purpose of this study was to compare the effects of 
running versus cycling training on sprint and endurance 
capacity in inline speed skating. Sixteen elite athletes (8 
male, 8 female, 24 ± 8 yrs) were randomly assigned into 2 
training groups performing either 2 session per week of 
treadmill running or ergometer cycling in addition to 3 
skating specific sessions (technique, plyometrics, 
parkour) for 8 weeks. Training intensity was determined 
within non-specific (cycling or running) and effects on 
specific endurance capacity within a specific incremental 
exercise test. Before and after the intervention all athletes 
performed a specific (300m) and one non-specific (30s 
cycling or 200m running) all-out sprint test according to 
the group affiliation. To determine the accumulation of 
blood lactate (BLa) and glucose (BGL) 20 μl arterialized 
blood was drawn at rest, as well as in 1 min intervals for 
10 min after the sprint test. The sport-specific peak oxy-
gen uptake (VO2peak) was significantly increased (+17%; 
p = 0.01) in both groups and highly correlated with the 
sprint performance (r = -0.71). BLa values decreased 
significantly (-18%, p = 0.02) after the specific sprint test 
from pre to post-testing without any group effect. Howev-
er, BGL values only showed a significant decrease (-2%, 
p = 0.04) in the running group. The close relationship 
between aerobic capacity and sprint performance in inline 
speed skating highlights the positive effects of endurance 
training. Although both training programs were equally 
effective in improving endurance and sprint capacities, 
the metabolic results indicate a faster recovery after high 
intensity efforts for all athletes, as well as a higher reli-
ance on the fat metabolism for athletes who trained in the 
running group. 
 
Key words: Aerobic metabolism, blood glucose concentration, 
all-out sprint test. 
  

 

 
Introduction 
 
Inline speed skating (ISS) is a mass start endurance sport. 
Distances in competition are conducted on track or road 
circuits and range from 200 m to a marathon distance 
(42.195 km), with completion times between 16 s and 75 
min. Due to the tactical strategy (attacks, drafting) and the 
course (hills, curves, ground) the racing speed fluctuates 
constantly. In order to compete, inline speed skaters re-
quire speed and power (explosive and sustained) com-

bined with a high aerobic and anaerobic capacity 
(Stangier et al., 2015c). While a highly developed aerobic 
performance level enables the athletes to sustain a high 
speed (40-50 km·h-1) in a metabolically economic way 
(Jones and Carter, 2000) and ensures a fast recovery be-
tween the high intensive efforts, a highly trained anaero-
bic capacity is also required to be effective in the sprint 
sections such as the mass start, tactical attacks and finish 
line sprint (Stangier et al., 2015c). 

Generally, a high aerobic capacity is negatively as-
sociated with the sprint performance. However, despite 
the high average speed and several high intensity tactical 
sprints, cardiorespiratory demands during an ISS mara-
thon race indicate that as much as 65% of the energy 
requirements are primarily supplied by the aerobic me-
tabolism (Stangier et al., 2015c). Elite junior cross-
country skiers showed a strong relationship between oxy-
gen uptake at the ventilatory threshold and sprint perfor-
mance (Sandbakk et al., 2011). The significant reduction 
in anaerobic ATP turnover during repeated sprint exer-
cise, appears to be partially compensated by an increase in 
V̇O2 in subsequent sprints (Gastin, 2001). This outlines 
the importance of the aerobic system in cross-country 
skiing (Vesterinen et al., 2009) that is similar to classic 
competition procedures in ISS and reasons the relevance 
of low-intensity endurance training for the sprint capacity. 
As demonstrated by Seiler et al. (2006, 2010), athletes in 
several endurance sports follow a polarized model of 
training intensity distribution. Contrary to the threshold-
training model where athletes mostly train at intensities 
corresponding to lactate threshold, the major part of train-
ing under the polarized-training model is spent below the 
lactate threshold intensity or clearly above the threshold 
intensity (Seiler, 2010). Several studies proved that an 
approximate 80-to-20 ratio of low-intensity training to 
high intensity training effects excellent long-term results 
in endurance sports (Seiler 2010). Thus, the polarized-
training model involves an optimal intensity distribution 
for training of high-performance endurance athletes dur-
ing the pre-competition preparation period (Seiler and 
Kjerland, 2006). The resultant established endurance base 
built from high volumes of training may be an important 
precondition for tolerating and responding well to a sub-
stantial increase in training intensity in the subsequent 
training period (Seiler, 2010).  

Since the optimal period to develop a high level of 
aerobic fitness is the winter preseason, weather conditions 
make regular sport-specific training difficult. For this 
reason inline speed skaters perform a cycling or running 
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training program to improve their basic endurance capaci-
ty. However, the cross-training effects of a non-specific 
training program in these exercise modes on the sport-
specific sprint capacity of inline speed skaters are un-
known. Although skeletal muscles adapt specifically to a 
given exercise task over a period of time (Millet et al., 
2009), muscle fiber recruitment during running exercise 
does not only train muscle groups that are specific to 
running only, but also muscle groups that are used for 
cycling (Withers et al., 1981). This indicates an overlap 
between running and cycling in muscle use and presuma-
bly some “cross-adaptations” in muscle findings (Pierce 
et al., 1990). It is likely that there is more physiological 
training transfer from running to cycling than vice versa 
(Millet et al., 2009). Specificity is highlighted when pe-
ripheral (muscular) adaptations occur without significant 
concomitant central (cardiovascular) adaptations. As 
V̇O2 max is peripherally limited by mitochondrial and 
capillary densities, an exercise mode with sufficient mus-
cle mass would lead to central adaptations covering the 
specificity of V̇O2 max (Lieber et al., 1989). Loy et al. 
(1993) and Mutton et al. (1993) have demonstrated signif-
icantly improved running performance from either a stair 
climbing exercise or a combined run and cycle training 
that were generally comparable to run-only training (Loy 
et al., 1993, Mutton et al., 1993). Suchlike cross-training 
induced improvements decrease with increasing aerobic 
capacity (Loy et al., 1995). Although the concept of speci-
ficity is superior to the concept of cross-training (Tanaka, 
1994) results of several studies support the concept that 
non-specific, with similar muscle activity may contribute 
to enhanced specific performance (Foster et al., 1995).  

Referring to the present study, running is charac-
terized by a diagonal coordinated cyclic movement pat-
tern of arms and legs similar to ISS. Since the hip is com-
pletely stretched and most parts of the involved muscles 
work dynamically, there is no movement related re-
striction of blood flow or oxygen supply (Millet et al., 
2009). In spite of similar hip angles in the basic position 
of ISS and cycling, the exercise induced blood flow re-
striction during ISS is larger due to the relatively long 
duty cycle (50% vs. 33%) with high static proportions 
(Foster et al., 1999). Moreover, during cycling the legs 
work mainly in different direction (flexion and extension 
vs. abduction and adduction) and arm muscles only work 
static in contrast to the dynamic arm swing in ISS at high 
speeds. Although the way in which the propulsive force is 
generated is quite different between these 3 modes of 
exercise the fundamental differences in the push-off me-
chanics and degradation of power rely heavily on the 
same kinetics of the anaerobic and aerobic power produc-
tion (van Ingen Schenau et al., 1994). The physiological 
responses to aerobic exercise as well as exercise testing 
results appear to be comparable between cycling, running 
and inline skating (Melanson et al., 1996a; 1996b, Mar-
tinez et al., 1993, Stangier et al., 2014). 

While both, cycling and running exercise affect in-
line speed skaters´ endurance capacity positively 
(Stangier et al., 2015b), the present study aims to deter-
mine quantitative differences of these non-specific exer-
cise modes on the specific sprint capacity of inline speed 

skaters. As cycling recruits a higher amount of glycolytic 
muscle fibers compared to running (47.9% vs. 25%) 
(Gollnick et al., 1972) we hypothesize that the applied 
cycling training would induce greater adaptations for the 
sport-specific sprint capacity than running whereas the 
running training might have greater effects on the sport-
specific endurance capacity.  
 
Methods 

 
Participants 
16 male and female elite athletes (national squad) were 
recruited for the study, stratified for gender and randomly 
assigned into 2 exercise groups (running = RUN, cycling 
= CYC) with 4 male and female athletes in each group. 
All participants had been active in either national or 
international competitions over the previous 5 years. 
Table 1 shows the athletes´ physical characteristics of 
both training groups with no significant differences 
between groups on the baseline measures. The athletes 
were asked to report to all tests well-hydrated and to have 
refrained from alcohol, caffeine and strenuous exercise 
for at least 24 h prior to testing. To minimize any possible 
differences that might arise from changes in food intake, 
the participants were instructed to maintain a regular diet 
and to record this for 3 days prior to the pre-testing. The 
same diet was then adhered on the 3 days before the post-
testing. Prior to commencing, the study details were ex-
plained to the athletes and their written consent to partici-
pate was obtained. Additional parental consent was ob-
tained for those under 18 years. The study received ap-
proval from the Institutional Review Board in the spirit of 
the Helsinki Declaration and according to international 
standards (Harriss and Atkinson, 2013).  
 
Table 1. Physical characteristic of the athletes (♂, n = 4; ♀, n 
= 4). Data are means (±SD). 
 Cycling (n = 8) Running (n = 8) 
Age (yrs)             ♂ 23 (8) 21 (5) 
                             ♀ 26 (6) 24 (5) 
Height (m)          ♂ 1.86 (.04) 1.82 (.03) 
                            ♀ 1.67 (.03) 1.67 (.02) 
Body mass (kg)   ♂ 77.5 (5.0) 75.2 (6.0) 
                             ♀ 55.9 (2.1)  58.1 (1.4) 

 
General testing procedures 
The study was conducted from October to December as a 
part of the preparation period and involved a pre-test, an 
8-week training program and a post-test. Prior to the exer-
cise tests, body height (cm) and mass (kg) were measured 
and recorded. The testing procedures were conducted 1 
week before and immediately after the training period. 
Each athlete performed an incremental step test in ISS to 
quantify the effect of the non-specific running or cycling 
training on the specific performance. Dependent on the 
group affiliation an additional non-specific incremental 
step test in cycling or running was conducted to determine 
the individualized training intensities for the non-specific 
training program. The sprint tests were followed by a 
resting period of at least 1 hour to provide enough time 
for lactate removal until the resting state (Monedero and 
Donne, 2000). All tests were conducted on 2 consecutive 
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days and in randomized order from pre to post-testing at 
the same time of day to avoid circadian variance. During 
the incremental step test, intensity increased continuously 
until the athletes were exhausted or they failed to main-
tain the pedaling cadence (70-80 rpm) (Neptune and Hull, 
1999) or speed. Maximal effort was considered achieved 
with the attainment of at least 2 of the following criteria: a 
plateau in oxygen uptake despite increasing work rate; 
high levels of BLa (8-10 mmol∙L-1); a RER above 1.10 
and or a HR of ± 10 bpm of age-predicted maximum (220 
– age) (Hollmann et al., 2012). During each test, VO2, 
VE/VO2 and RER were measured breath by breath 
through a validated (Carter and Jeukendrup, 2002) porta-
ble spirograph (Oxycon Mobile, CARE FUSION, Kel-
berg, Germany). The average of the 3 highest 10 s con-
secutive measurements were used for analysis. Calibra-
tion and ambient air measurement were conducted before 
each testing session using a precision 3 L syringe 
(CORTEX, Leipzig, Germany) and calibration gas 
(15.8% O2, 5% CO2 in N; Praxair, Germany). HR was 
continuously measured with a HR monitor (S810i, 
POLAR®, Büttelborn, Germany). To determine blood 
lactate (BLa) and glucose (BGL) concentrations, arterial-
ized blood samples (20 µl) were extracted from the hy-
peremic earlobe after each step, immediately placed in a 
hemolyzing solution and analyzed in our laboratory 
(BIOSEN C_line, EKF®, London, UK). For this purpose 
the testing was paused for 1 min after each step to provide 
time to take the blood sample.  
 
Incremental step testing 
Specific and non-specific incremental step tests were 
conducted to evaluate physiological responses at submax-
imal and maximum load. The applied protocols of the 
running, cycling and ISS tests were designed in accord-
ance with established protocols (Heck et al., 1985; 
Hollmann et al., 1962; Stangier et al., 2014) and to be 
comparable (same step duration, similar step increment). 
Previously published results revealed generally compara-
ble physiological responses for these 3 test protocols with 
a similar amount of exercise steps in each test (Stangier et 
al., 2014). To ensure a lactate steady state, step durations 
of 5 min were applied (Bentley et al., 2007; Hollmann et 
al., 2012). The ISS field test (IFT) (Stangier et al., 2014) 
was conducted on a 200 m indoor-track. After a low in-
tensity 5 min warm-up the incremental step test started at 
24 km·h-1. The speed was then increased stepwise by 2 
km·h-1 every 5 min. The running test was conducted on a 
treadmill (DESMO HP, WOODWAY®, Weil am Rhein, 
Germany). Subsequent to the low intense self-paced 
warm-up phase (5 min) the exercise test started with an 
initial speed of 2.5 m∙s-1, which was increased every 5 
min by 0.5 m∙s-1 (Hollmann et al., 1962). The cycling test 
was performed on a SRM-ergometer with an eddy brake 
(SCHOBERER RAD MESSTECHNIK GmbH®, Jülich, 
Germany). After the warm-up (30 W, 5 min), participants 
started with the first step at 70 W. Step duration was again 
5 min  with  the  intensity increasing by 40 W at each step  
(Heck et al., 1985).  
 
Sprint test 

The specific all-out sprint test was a 300 m track sprint 
replicating a typical sprint distance in ISS. Each athlete 
started separately. Time was measured by 6 light barriers 
and used to compute the corresponding acceleration and 
speed. The light barriers were positioned at varying dis-
tances with a focus on the first and last sprint sections 
(40m, 80m, 120m, 240m, 280m and 300m). Athletes in 
the running group performed an all-out 200 m sprint simi-
lar to the procedure in the ISS sprint test. Light barriers 
(TC-System, BROWER TIMING SYSTEMS®, Utah, 
USA) were positioned at 20m, 60m, 80m, 160m, 180m 
and 200m). The sprint on the cycle ergometer was a 30 s 
all-out sprint limited by cadence (60 rpm) (van Ingen 
Schenau et al., 1988). To determine the accumulation of 
BLa and BGL 20 μl arterialized blood was drawn at rest, 
as well as in 1 min intervals for 10 min after each sprint 
test. The accumulation of BLa was measured to determine 
the glycolytic rate (Mader, 2003). The determination of 
BGL concentrations indicate the proportional amount of 
metabolized carbohydrates within the energy supply 
(Gastin, 2001). 
 
Training program 
The 8-week training program involved 5 sessions per 
week in 4 different training types, totaling an amount of 
7.5 hours. 2 sessions were spent on non-specific endur-
ance training on the cycling ergometer or treadmill (500 
kcal per session). The remaining sessions were ISS tech-
nique and sprint training in a gym, plyometric strength 
training and parkour running with imitative jumps each 
over 90 min. All these sessions were controlled to be 
identical for both training groups. 

In order to consider the different amount of pro-
pulsive muscle mass and level of efficiency between 
running and cycling, training intensity was not controlled 
by metabolic thresholds, rather by individual maximal fat 
oxidation calculated with stoichiometric equations (Frayn, 
1983). The intensity which elicited maximal fat oxidation 
is highly correlated with the first rise of lactate concentra-
tion (Achten and Jeukendrup, 2004). For each participant, 
breath-by-breath data were used to construct a curve of fat 
oxidation rate versus exercise intensity, expressed as 
VO2. On average, all athletes performed the non-specific 
endurance training at 52.0 ± 2.5% of VO2peak in the 
running group and 52.2 ± 2.6% of V̇O2peak in the cycling 
group. No significant differences existed in relative train-
ing intensities between the groups. After the initial 4 
weeks training intensity increased by 10% for both groups 
to maintain a constant training stimulus. To ensure a 
comparable training effort for both groups the duration for 
each participant was adjusted so that energy expenditure 
was standardized at 500 kcal per session. This method of 
assigning training intensity was chosen to ensure that all 
participants trained at their individual maximal fat oxida-
tion rate as this intensity is suggested to improve the aer-
obic capacity (Coggan et al., 1990). During all training 
session HR was measured and recorded by a heart rate 
monitor (S810i, POLAR®, Büttelborn, Germany). Mean 
and peak HR values and the appropriate RPE-value were 
documented in a training diary.  
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Statistical analysis 
Data are presented as mean ± standard deviation and were 
analyzed using STATISTICA SOFTWARE 7.1 (StaSoft 
Europe GmbH, Hamburg, Germany).  

To determine the effects of the training interven-
tion on performance adaptations, the cycling and running 
group were compared within a 2-way repeated-measure 
analysis of variance (ANOVA) with “measuring time” 
serving as the within-group factor and “training group” as 
the between-group factor. Normal distribution was auto-
matically verified within the ANOVA. Sphericity was 
proved by the Mauchly´s test and in case of significant 
values corrected by the Greenhous-Geisser-Test. To ac-
count for the possibility of significant effects in the 
ANOVA, Fisher´s protected LSD post-hoc analysis was 
used to correct p-values accordingly. Statistical signifi-
cance was accepted at a level of p ≤ 0.05. To examine the 
relationship between sprint performance in ISS and aero-
bic characteristics in the post-test status, the Pearson´s 
product-moment correlation coefficient test was comput-
ed for all participants. Furthermore, a regression analysis 
was carried out with sprint performance as the dependent 
variable in simple linear models. The predictor variable 
was the absolute VO2peak. The reliability of assessments 
was determined using the technical error of measurement 
(Pederson and Gore, 1996), and ranged from 1.7% to 
3.5% for the analyzed parameters in all tests. 
 
Results 
 

General training results 
On average, athletes trained between 69 and 75 % of their 
maximum HR. Similar relative values for HRmean (p = 
0.86) and HRpeak (p = 0.77) substantiate that both training 
groups (cycling and running) performed the ergometer 
training at comparable training intensities (Table 2). As 
the comparison of groups showed no effects for gender, 
all analysis included both genders. 
 
Effects of non-specific endurance exercise on specific 
sprint performance  
The results showed no significant changes in the accumu-
lation of BLa and BGL. However, all BLa values meas-
ured after the specific sprint test decreased significantly  
(-18%, p = 0.02) from pre to post-testing without any 
group effect. BGL values only showed a significant de-
crease (-2%, p = 0.04) in the running group (Figure 1).  

Mean acceleration (pre and post: 0.6 ± 0.03 m·s-2) 
and speed (8.9 ± 0.8; 9.3 ± 1.0 m·s-1 p = 0.15) remained 
unchanged. However, both groups revealed a significant 
increase of speed in the fourth (240 m: 35.6 ± 3.1, 40.5 ± 
4.7 km·h-1; p = 0.002) and fifth (280m: 36.2 ± 3.1, 40.5 ± 
4.6 km·h-1; p = 0.01) sprint section, as well as an increase 
in acceleration (0.4 ± 0.01, 0.5 ± 0.02 m·s-2; p = 0.05 at 
both sections) indicating a training induced altered pacing 
strategy. Although the statistical analysis for the sprint 
time was not significant (29.4 ± 2.6s, 28.8 ± 3.4s; p = 
0.27), a reduction of 0.06 s is substantial. Moreover, the 
sport-specific sprint performance was closely related to

Table 2. Absolute and relative training intensity and amount of total training sessions in the four types of training during the 
8-week training program. Values are means (±standard deviation). 

 Ergometer Technique Plyometrics Parkour  Cycling Running 
Sessions 16 16 8 8 8 
Total time (hrs) 24.0 21.6 12.0 12.0 12.0 
Absolute HRmean (beats·min-1) 138 (8) 140 (6) 130 (9) 129 (11) 131 (9) 
% of HRmax 75 (2) 74 (3) 70 (4) 69 (5) 71 (4) 
Absolute HRpeak (beats·min-1) 157 (8) 161 (3) 178 (8) 178 (10) 181 (8) 
% of HRmax 84 (4) 85 (3) 95 (4) 96 (5) 98 (4) 

n=16. HRmean = mean heart rate during the training program; HRmax = maximum heart rate of the exercise testing; HRpeak = maximum 
heart rate during the training program. 

 
 

 
 
 

Figure 1. Effects of the non-specific endurance training on the accumulation of BLa and BGL after the specific 
sprint test. 
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Table 3. Effects on peak physiological values in the sport-specific exercise test before and after the training. 
Values are means (±SD). 

Parameters Before training After training 
HR (beats∙min-1) 186 (6) 185 (5) † 
Absol. VO2  (L∙min-1) 2.9 (.5) 3.4 (.7) * 
Rel. VO2 (ml∙kg-1∙min-1) 43.9 (3.4) 50.8 (4.2) * 
RER 1.1 (.03) 1.0 (.04) * 
VE/VO2 46.6 (6.6) 38.5 (3.4) * 
BLa (mmol∙L-1) 11.2 (1.8) 10.9  (2.0) † 
BGL (mmol∙L-1) 6.3 (1.3) 5.9 (.9) † 
Speed (km∙h-1) 34.7 (1.5) 35.7 (1.2) * 

n=16. * p ≤ 0.05 for within-group changes, † p ≤ 0.05 for between-group changes. HR = 
heart rate, VO2 = oxygen uptake, RER = respiratory exchange ratio, VE/VO2 = ventilato-
ry equivalent of oxygen, BLa = blood lactate concentration, BGL = blood glucose con-
centration. With only two group effects for HR and BGL being both significantly re-
duced in the cycling group.  

 
VO2peak (p = 0.007; Figure 2). 
 

 

 
 
 

Figure 2. Sprint capacity correlations to peak oxygen 
uptake (VO2peak) after the training intervention. 

 
Effects of non-specific endurance exercise on specific 
endurance performance  
The analysis of submaximal parameters during the IFT 
revealed significant effects (p ≤ 0.05) for “measuring 
time” for all analyzed parameters. Post-hoc analysis 
showed significant decreases from pre to post measure-
ments for HR, RER and VE/VO2  and a significant in-
crease for VO2 , (p ≤ 0.001). Submaximal BLa values 
remained unchanged. There was no significant group 
effect from pre to post-testing. 

The analysis of maximum parameters during the 
IFT revealed significant effects for “measuring time” for 
VO2 , RER and VE/VO2  (p ≤ 0.05). Post-hoc analysis 
showed a significant increase for VO2 (p = 0.001), as well 
as a significant reduction for RER (p = 0.005) and 
VE/VO2 (p = 0.001). A significant group effect was found 
in the post-test for maximum HR (p = 0.04) and BLa 
values (p = 0.05). Both parameters were significantly 
reduced in the cycling group, and slightly increased in the 
running group (Table 3).  

 
Non-specific training effects on non-specific sprint and 
endurance capacity 
The analysis of submaximal parameters during the non-
specific cycling and running step test revealed significant 

effects (p ≤ 0.05) for “measuring time” for BLa , RER 
and VE/VO2, with significant reductions in the post-hoc 
analysis (p ≤ 0.01). Submaximal HR and VO2values as 
well as all analyzed peak values remained unchanged. No 
significant changes were found from pre to post for the 
accumulations or level of values for BLa and BGL after 
both non-specific sprint tests.  

The running group showed a significant increase in 
acceleration (1.9 ± 0.41 m·s-2, 2.9 1 ± 0.91 m·s-2; p = 
0.003) and speed (22.1 ± 2.4 km·h-1, 25.9 ± 2.9 km·h-1; p 
= 0.04) in the first sprint section (20m). Sprint perfor-
mance characteristics in the cycling group remained un-
changed. The cycling group revealed a significantly in-
creased mechanical power output from pre (13.3 ± 1.2 
W∙kg-1) to post (14.7 ± 2.1 W∙kg-1; p = 0.004) in the sprint 
test. 
 
Discussion 
 
A major finding in this study is the close relationship 
between the aerobic capacity and sprint performance in 
ISS. Both non-specific endurance training programs com-
bined with normal training routines improved equally 
specific aerobic characteristics (17% increase of 
VO2peak), as well as values for acceleration and speed at 
the final sprint part in ISS. This highlights the positive 
effects of this training type. Moreover the reduction in 
BLa accumulation indicate a faster recovery after high 
intensity loads for all athletes, as well as a higher reliance 
on the fat metabolism for athletes who trained in the run-
ning group (Coggan et al., 1990; MacRae et al., 1992). 
This combination of findings is innovative and may pro-
vide important information about the choice and design of 
future non-specific training in ISS.  

Sprinting performance relies heavily on fast accel-
eration at the start of a sprint and the capacity to maintain 
a high velocity in the phase following the start. In ice 
speed skating, 50% of the variation in final times of the 
500 m sprint during the 1988 Winter Olympics were ex-
plained by the differences in initial acceleration (van 
Ingen Schenau et al., 1994). This highlights the necessity 
for a short-lasting acceleration phase. Top level sprinters 
in running, cycling and ice speed skating should be able 
to produce a mean mechanical power output of approxi-
mately 14 to 15 W·kg-1 during a 30 s exercise and approx-
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imately 10 to 11 W·kg-1 after 60 s (van Ingen Schenau et 
al., 1994). Due to the applied methods these values can 
only be compared with the results of the cycling sprint 
test in the present study. These 8 athletes revealed a mean 
mechanical power output of 13.3 ± 1.2 W·kg-1 before and 
14.7 ± 2.1 W·kg-1 after the training program within the 30 
s all-out sprint. 

However, a reduction in acceleration time may on-
ly be one characteristic in reducing total race time. Argu-
ably the advantage of a fast start is more important than a 
higher speed at the end of the race. This accounts for the 
assumption that the remaining energy at the finish would 
have been wasted as it was not used during the event (van 
Ingen Schenau et al., 1990, de Koning et al., 1992). How-
ever, producing maximal velocities at the beginning is a 
critical issue as it causes early fatigue and may lead to a 
massive slowdown later in the race (De Koning and van 
Ingen Schenau, 2000; Foster and de Koning, 1999). Alt-
hough a fastest possible acceleration during the starting 
section is the most important aspect for the sprint perfor-
mance, an improved time for the closing section (e.g. 
increased anaerobic capacity) would also be beneficial to 
reduce the final sprint (Muehlbauer et al., 2010). This 
advice is supported by the results of the present study, 
demonstrating that endurance training only improves the 
closing part of the sprint, as well as the close relationship 
between aerobic capacity and sprint performance. Such a 
racing pattern is based on anticipatory regulation of exer-
cise intensity whereby athletes anticipate the work re-
quired to complete a given task. This has the advantage to 
retain an energetic reserve, which protects from early 
exhaustion and helps to avoid an extensive loss of speed 
during later race stages (Ulmer, 1996; Foster et al., 2003). 

While the power output declined by 27% from 
sprint 1 to 10 the anaerobic ATP utilization decreased by 
64% as the glycolytic rate was almost completely inhibit-
ed by sprint 10 (Gaitanos et al., 1993). Although an in-
crease in efficiency as exercise continued was suggested 
as a partial explanation, aerobic metabolism was 
acknowledged as an important contributor to the energy 
supply (Nevill et al., 1989). Similar results were found for 
the post-test sprint performance in this study. Although 
the sprint time of the specific test remained statistically 
unchanged (29.4 ± 2.6s, 28.8 ± 3.4s; p = 0.15) after the 
training program all athletes delivered the similar perfor-
mance with lower BLa values (Figure 1). The lowered 
arterial lactate concentrations are affected by increased 
clearance (Brooks, 2007) and indicate a greater reliance 
on the aerobic metabolism (Gastin, 2001). Therefore, the 
applied non-specific training program seems to enable 
inline speed skaters to recover faster from high intensity 
sprints. This is particularly relevant in track competitions 
(men and women: 300m – 1 000m; 23s – 82s) where 
athletes compete in several heats, as well as during long 
distance road races (men and women: half and full mara-
thon, 28:56,2 min – 70:43,1 min) after a high intensity 
attack or climb.  

During repeated sprint exercise, the significant re-
duction in anaerobic ATP turnover appears to be partially 
compensated for by an increase in VO2  in subsequent 
sprints. This indicates the importance of the aerobic sys-

tem in determining performance during high intensity 
exercise (Gastin, 2001). In the current study both, the 
cycling and the running exercise revealed a significant 
increase for this parameter (Table 3). This positive effect 
of the non-specific training on the specific VO2peak 
(+17%) is consistent with previous investigations report-
ing a 15% higher VO2peak in moderately trained partici-
pants after 9 weeks of either running or inline skating 
exercise (Melanson et al., 1996a; 1996b). Further evi-
dence in this context is the correlation analysis of the 
presented data revealing a strong relation between 
VO2max and the sprint performance. 

Another important finding is the significantly re-
duced BGL values after the specific sprint test for all 
athletes who trained in the running group. According to 
the significant group effect, the applied running training 
might be a greater stimulus for the sport-specific fat me-
tabolism than cycling and effects a higher level of aerobic 
capacity (Coggan et al., 1990; MacRae et al., 1992). This 
is possibly related to the hypothesized greater recruitment 
of oxidative muscle fibers during running compared to 
cycling exercise (Gollnick et al., 1972) and the greater 
physiological training transfer from running to cycling 
than vice versa (Millet et al., 2009). Although skeletal 
muscle adapts specifically to a given exercise task over a 
period of time (Millet et al., 2009), muscle fiber recruit-
ment during running exercise trains muscle groups that 
are specific to running, as well as muscle groups that are 
used for cycling (Withers et al., 1981) and possibly for 
ISS. This indicates an overlap in muscle use and presum-
ably some “cross-adaptations” in muscle findings (Pierce 
et al., 1990). Apart from BGL values there was no signifi-
cant statistical interaction between the running and cy-
cling training group suggesting that both movement types 
improved inline speed skaters´ endurance and sprint ca-
pacity to a similar extent. 

The present study is not without limitations. In or-
der to determine possible cross-effects of the additional 
training sessions (technique, plyometrics, parcour) alone 
on inline speed skaters´ endurance and sprint capacity an 
additional control group would have been required. How-
ever, the preseason is used to develop a basis in endur-
ance capacity and elite athletes are not willing to change 
their training routine by omitting training sessions. Alt-
hough there is a general evidence for positive influences 
of plyometric training on aerobic characteristics and run-
ning economy (Grieco et al., 2012; Ramirez-Campillo et 
al., 2015; Saunders et al., 2006) in ISS, such a huge in-
crease of V̇O2 peak (+17%) has only been reported for 
low-intensity training with high volume (Melanson et al., 
1996a; 1996b; Stangier et al., 2015a). Moreover, the addi-
tional training sessions were matched identically (Table 
II) between both groups so that these sessions will not 
have had different influence on the cycling or running 
training. Furthermore, plyometric training may have a 
greater influence on sprint than aerobic capacity 
(Markovic and Mikulic, 2010). Simultaneous explosive-
strength and endurance training improved the target time 
in 5 km time trial in well-trained endurance athletes with-
out changes in their VO2max. This improvement was due 
to improved neuromuscular characteristics (i.e. improved 
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intermuscular coordination and stretch-shortening cycle) 
that were transferred into improved maximal anaerobic 
speed and running economy (Paavolainen et al., 1999). 

 
Conclusion 
 
The current study demonstrates an 8-week low-intensity 
endurance training program of either cycling or running 
training during the preseason combined with additional 
routine training (technique, parkours, plyometrie), is suf-
ficient to improve classical aerobic characteristics (17% 
increase of VO2peak), as well as values for acceleration 
and speed. Moreover, the results revealed a close relation 
between the aerobic capacity and sprint performance in 
ISS highlighting the positive effects of endurance train-
ing. Although both training programs were equally effec-
tive in improving endurance and sprint capacities, the 
metabolic results indicate a faster recovery after high 
intensity efforts for all athletes, as well as a higher reli-
ance on the fat metabolism for athletes who trained in the 
running group. Moreover the running program would 
provide the more economical choice as it is less time 
consuming (~9 min/session). This is relevant in terms of 
high volume training. 
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Key points 
 
• In addition to a highly developed aerobic perfor-

mance inline speed skaters also require a highly 
trained anaerobic capacity to be effective in the 
sprint sections such as the mass start, tactical at-
tacks and finish line sprint. 

• An 8-week low-intensity endurance training pro-
gram of either cycling or running training com-
bined with additional routine training improves 
classical aerobic characteristics (17% increase of 
VO2peak), as well as values for acceleration and 
speed. 

• Athletes who trained in the running group demon-
strated a higher reliance on the fat metabolism in 
the sport-specific post-testing. 

• The significant reduction in anaerobic ATP turno-
ver during repeated sprints appears to be partially 
compensated by an increase in VO2 in subsequent 
sprint. The results revealed a close relationship be-
tween the aerobic capacity and sprint performance 
in inline speed skating. 
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