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Foreword

The current thesis presents a complete overview of my thesis project “bikeextreme”
and the field study during the Transalp Challenge 2004. Considering the athletic
performance capacity during this challenging and strenuous eight days lasting mountainbike
stage race, a special focus was put on potential performance determining and performance
limiting factors. This work is conceived as a so called “Sammel–Dissertation” with the main
goal being to publish the results and findings of my investigation in international scientific
peer–reviewed journals and scientific peer–reviewed publications.
In the following, given the current work is a compendium, I comment on motivation
and historical overview in the introduction section as well as in the method and results
section. Finally, an established discussion concludes this overview. For more details to any
specific aspect the reader is referred to the papers released and listed within Chapter 7.
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Abstract
In general, knowledge is sparse in the area of mountainbike (MTB) sports because MTBing is
only a young and developing sports, compared to road cycling. Therefore, just a few studies have been
published.

As the Tour de France is the ultimate multiple day event for professional road cyclists, the
Transalp Challenge (TAC) is one of the most difficult MTB stage races in the world. Therefore, the
purpose of this study was to determine the course, distribution and changes of the following
parameters, caused by the the TAC 2004: Heart rate and Borg`s rate of perceived exertion (both
indicators of exercise intensity), body water compartments, selected blood parameters as well as
nutrient intake (energy and fluid intake) including vegan nutrition pattern.
Only athletes who successfully finished the TAC 2004 with complete data sets recorded
comprised the basis of this examination. All subjects were well endurance trained amateur athletes
and were experienced at competing in MTB marathon races.

This study was the first to
i)

examine an extreme MTB stage race,

ii) determine the exercise intensity during one of the most important MTB stage races in the world,
showing the TAC 2004 to be physiologically very demanding and heavily involving both the
aerobic and anaerobic energy system,
iii) detect acute effects (decline in body water pools simultaneously with hemoconcentration), which
probably occurred due to a combination of heat induced and exercise induced dehydration during
the first stage of TAC 2004,
iv) describe long term adaptations (expansion in body water pools simultaneously with
hemodilution), formerly shown to occur as a consequence of repeated strenuous endurance strains
during the TAC 2004,
v) study a female athlete during this difficult multi–day MTB marathon race and
vi) report the dietary intake during the TAC 2004 , showing a well planned vegan diet to adequately
meet the nutritional demands of severe MTB stage racing.

The present study might be useful to design specific training programs and to develop
appropriate nutritional strategies to sustain the physical demands of severe MTB marathon and MTB
stage race.

12

1. Introduction
1.1. Motivation
In the late 1980s, at the age of 14, I got my first mountainbike (MTB). From then on I was
addicted to this new kind of cycling sport. Thus, to the best of my knowledge, I was one of about five
female MTBers in my federal state. In the past decade I participated in several regional, national and
international MTB marathon races (lasting one or even several days). Due to my passion, my whole
family adopted this sport as their favourite leisure time activity.
Based on my passion for MTB sports and a deep and broad review of MTB specific literature
available, which so far is sparse, I decided to write my thesis about the most challenging more days
lasting MTB marathon race in the world, the Transalp Challenge (TAC), in the year 2004.
At the same time as undertaking my investigation in sports science, I reached the peak of my
career as an MTB athlete by finishing the TAC 2004 with the final rank of 16th – I had never dreamt of
exceeding my target bench mark of reaching the top 20.

1.2. Historical overview
In September 1976 a new kind of bicycle, the off–road bike or MTB, was created by four young
men (Gary Fisher, Charly Kelly, Joe Breeze and Tom Ritchey) in California, USA (Gerig and
Frischknecht 1996). The first MTB competitions were held in the early 1980s (Auferbauer 2007). Since
then this new kind of cycling sports has grown rapidly. The first MTB World Championships to be
officially recognized by the Union Cycliste Internationale (UCI) date back to 1990, with the first World
Cup (WC) events having been held in 1991 (www.uci.ch).

The first MTB marathon ever held on 11th of August 1990 in Eschlikon/CH, indicates the
history of the long distance category and laid the foundation for the biggest mass movement in the
history of MTBing. From then on the number of long distance events exploded, along with the number
of starters in these MTB marathon events. In the mid 1990s riders were glad to snatch a start (Lesewitz
2005). After Stefan Götz, Specialized (Lesewitz 2004): “Marathon was probably the best idea for MTB
sports. It covers the whole spread of this sport.”
Nowadays, MTB marathon is a public sport and a booming industry. There are about 120 MTB
marathon events of all kinds listed in race calendar, with up to 10,000 participants (Lesewitz 2004).
According

to

the

UCI

Rules

(www.uci.ch/Modules/BUILTIN/getObject.asp?MenuId=MTkzNg&ObjTypeCode=FILE&type=FILE&
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id=34424&), MTB races are divided into three types of events (UCI Rules, Chapter I §1, p. 1): Cross–
country (XC), downhill and stage races. XC marathons (XCM) generally cover a closed circuit of at
least 60 km in distance and last at least 3 hours. The XCM discipline is a mass start event. There are
narrow tracks, paths through forests, rocky paths and the riders even have to ford streams
(www.uci.ch).
Usually one day MTB marathon races can be characterized according to the total load of the
race: a classic MTB marathon covers about 2400 m in altitude difference along with a distance of
about 60 km, whereas extreme and ultraendurance (> 4 hours: Peters 2003) MTB marathons cover
altitude differences of 3500 m to 7000 m along with distances of 70 km to 200 km while light courses
(for beginners) have about 1000 m in altitude difference and distances of about 25 km.
The UCI Race Calendar (UCI Rules, Chapter I §3, p. 3) includes the XCM World Championship
(officially held first in 2003 in Switzerland), XCM European Championship (officially held first in
2002

in

Austria),

XCM

WC

series

(UCI

Rules,

Chapter

VIII,

§1,

p.

24–25,

www.uci.ch/templates/UCI/UCI5/layout.asp?MenuId=MTUzNDI) and numerous other global series,
XCM stage races and XCM one day races. XCM has not yet gained acceptance as an Olympic event yet.

In the summer of 1990, the two German MTBers Andi Heckmaier and Uli Stanciu (founder of
the TAC) were the first to cross the Central Alps, independently of each other (Lesewitz 2004, Scheele
2008).
In July 1998, the first TAC took place, following the model of the Tour de France. It was
conceived as a multi–day competitive event for double teams (due to safety aspects) of both
professional and recreational MTBers across the Central Alps (Figure 1). The UCI General Rules for
stage races are met (UCI Rules, Chapter II §1, p. 6–7, Chapter VI §1, p. 22–23, Chapter VIII §2, p. 24–
27). Today, three decades after the birth of the off–road bike, the term “Alpentransversale” is the term
which is googled most often by European MTBers (Auferbauer 2007) and annually thousands of riders
cross the (Eastern and Western) Alps on several different routes (Lesewitz 2005).
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Figure 1. Course of Transalp Challenge 2004 (with permission from 24th October 2007) covering an
altitude difference of 22500 m in a distance of 662 km, starting at Mittenwald/BRD (17th July 2004),
passing the Tyrol/AUT and finishing at Riva del Garda/ITA (24th July 2004).

Therefore, the purpose of this field study was to investigate the TAC for the first
time in order to determine the athletic performance capacity of MTBers. Moreover,
physiological parameters and factors which might determine or limit MTB performance
while competing in the TAC 2004 have been a specific objective of studying this severe
XCM stage race.
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2. Method
The concept in conducting a field study under authentic race burden during the TAC 2004 was
supported by two researchers from the Australian Institute of Sport, Department of Physiology,
amongst others working together with Cadel Evans, formerly one of the worlds best MTBers and, to
date, professional road cyclist at the Pro–Tour Team Silence–Lotto.

The design of this study was partly based on the work of, and a specific citation within, the
Master Thesis “Competitive mountain bike and road cycling”, Chapter 3, p. 69) of Hamilton Lee, Sport
Physiologist (Lee 2003, with permission from 23th May 2006):
“Laboratory studies conducted under constant exercise conditions hardly mimic the
conditions encountered by competitive MTB cyclists in the field”.

David T. Martin, Senior Sport Physiologist, whom I talked to after his invited speech "Cycling
Power Output" at the Endurance Sport Science Conference, Birmingham, UK, 29 – 30 April 2006
(with permission from 18th July 2006), further advocated this choice of design:
"Laboratory testing of athletes can be a useful tool for assessing a number of physiological
traits in a controlled condition. In some cases, the laboratory may be useful for establishing maximal
performance abilities in a controlled environment that minimizes the influence of technique.
However, when physiologists are working with athletes for a long time period in an attempt to
improve their fitness for a special event it becomes important to work in the field. It is in the
field where sports are really performed, under authentic conditions of training and competition
(training–camps, worldcup–races, world championship and so on)."

2.1. Subjects
The recruitment of participants for the examination during the TAC 2004 occurred through
the Internet forum of the TAC organizer and was carried out on a voluntary basis. 37 MTB athletes
(from 10 nations) competing in the TAC 2004, were recruited for the study. Shortly before the start of
this stage race, athletes received information about the mode and schedule of the study, to get familiar
with the process of measurement and to simplify the field study itself during the TAC 2004. Written
informed consent was obtained after verbal and written explanation of the procedures. The
investigation was approved by the Institutional Review Board (Department of Sport Science,
University of Innsbruck, Austria) and performed according to the Declaration of Helsinki.
Given the technical and physical difficulties of a TAC, a large number of riders were enrolled in
order to reach a sufficient number of MTBers meeting the inclusion criteria. Reasons for exclusion
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defined using the HR corresponding to the lactate thresholds (LTs). For each cyclist, the HR at a fixed
concentration of 2 mmol/L (LT2) and 4 mmol/L (LT4) was determined. In addition, in order to obtain
an exercise intensity zone which better reflects very high–demanding efforts, the HR at 6 mmol/L
(LT6) was also measured. At and above this level energy supply is increasingly met by anaerobic
sources (growing recruitment of type IIa fibres: Gilman 1996, Gilman and Wells 1993).
HR values at LTs were identified by straight line interpolation between the two closest points.
From these data, four intensity zones were established to describe the profile of the TAC 2004:

1) LOW zone for intensity below the HR corresponding to LT2
2) MODERATE zone for intensity between the HR corresponding to LT2 and LT4
3) HIGH zone for intensity between the HR corresponding to LT4 and LT6
4) VERY HIGH zone for intensity above the HR corresponding to LT6

2.3. Characteristics of the Transalp Challenge 2004
1074 athletes (537 double teams, within the categories: Men, Masters, Mixed and Women,
from nations all over the world) participated in the TAC 2004. The total altitude climbed was 22500 m
and the total distance covered by the riders was 662 km. This resulted in a daily average altitude
climbed of 2810 m along with a distance of 83 km. The longest uphill climb and downhill section as
one unit was 1700 m and 1400 m in altitude difference, respectively. The total distance climbed uphill
was 315 km and in downhill section was 275 km. In terms of the daily total load, single stages can be
compared to those of the mountainous Vuelta a Espana. As the Tour de France is the ultimate multiple
day event for professional road cyclists, the TAC is one of the most difficult XCM races in the world.
The drop out rate after eight consecutive stages of competition was 18.81 %, including professional
riders.
The characteristics of the TAC 2004 are presented in Table 3. Peak values of temperature and
relative humidity were taken from meteorological stations nearest to competitive waypoints of the TAC
2004 (ZAMG, Innsbruck, Austria). In particular, the course profile of Stages 1 to 8 is presented in
Figures 2 – 9 in more detail (with permission from 24th October 2007).

Table 2. The three most important tours in road cycling and MTB sports.

Road Cycling

MTB

Giro d`Italia, ITA (May)

Cape Epic, SA (March)

Tour de France, FRA (July)

Transalp Challenge, BRD/AUT/ITA (July)

Vuelta a Espana, ESP (September)

Transrockies, USA (September)
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2.4. Collection of field data
The daily schedule varies to meet the demands of 1074 MTBers (daily registration, early start
time, late finish time, recovery stations, toilets, catering, accommodation, luggage and material
transport, medical support, technical support and several more). In the light of several significant
operational and organisational difficulties in the participation and completion of this MTB stage race,
and due to these huge requirements in the basic conditions and framework of TAC 2004, it was
difficult to conduct all the measurements of this field study. After the race, it was not possible to
assemble the subjects on their first day of recovery to take a final body water and hematological
measurement performed by equilibrated body water pools for understandable reasons, which included
meeting their families after eight days of exhausting stage racing, sudden departures on homeward
journeys and the immediate onset of vacations.

2.4.1. Questionnaire
Prior to the TAC 2004 athletes had been familiarized with the questionnaire. The 15 graded
RPE (rate of perceived exertion) scale (Borg 1998) was used to facilitate the interpretation of HR data
in order to quantify exercise intensity. The subjects were instructed to rate how hard the entire stage
was by reporting the overall RPE after each individual finish. Smilies were included to rate the status
of athletes` mood and fatigue of leg muscles. This additional method of rating was chosen to motivate
the subjects to reflect their level of mental and physical exertion. The cyclists were instructed to
maintain adequate fluid and nutritional intake (high in carbohydrates). Fluid intake since breakfast
and body mass were immediately reported after each individual finish of the daily stages. Body mass
was measured including bike uniform but without MTB shoes (Medica, Soehnle, Germany).

2.4.2. Exercise intensity
During the TAC 2004, the HR response was continuously monitored by using short range HR
telemetry systems (S710, Polar Electro Oy, Kempele, Finland). The HR was recorded by using a sample
rate of 60 s in order to be able to store the HR data of the entire MTB event. At the end of this stage
race, all HR files were collected and downloaded. The recorded data was analysed with specific
software (Polar Precision Performance 4 SW, Polar Electro Oy, Kempele, Finland) and HR files
including more than 5 % of sample data outside a range of 60 – 220 beats/min (bpm) were excluded
from the analysis. The relative intensity of exercise was expressed as a percentage of maximum HR
reached in each stage (HRMAXField) and of laboratory determined maximum HR (HRMAXLab).

2.4.3. Bioelectrical Impedance Analysis (BIA)
The BIA 2000 M multifrequency bioelectrical impedancemeter (Data Input, Hofheim,
Germany, NUTRI4 software package) was used to measure the distribution of compartmental body
water. An arrangement of four electrodes was applied to the skin after alcohol preparation. The
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injector electrodes were placed (after users manual) just below the phalangeal–metacarpal joint in the
middle of the dorsal side of the right hand and just below the transverse (metatarsal) arch on the
superior/upper side of the right foot. Detector electrodes were placed on the posterior side of the right
wrist, midline with the prominent pisiform bone on the medial (fifth phalangeal) side and ventrally
across the medial ankle bone of the right ankle.
The controlled conditions in this field study suggest the BIA method as to be quite reliable in
estimating body water status. After extensive validation, various authors have attested the BIA
technique to be reliable in assessing body hydration status under standardized conditions (Buchholz
et. al. 2004, Kyle et. al. 2004a+b, O`Brien et. al. 2002, Thomas et. al. 1998)
Baseline measurements of BIA were conducted in the morning before the start of the TAC
2004 between 9 a. m. and 11 a. m. The subjects were asked to avoid exhaustive exercise at least 15
hours prior to this baseline measurement.
Post

exercise

data

were

respectively

determined after 5 min of rest in a relaxed
supine position, either immediately or at
most up to 10 min after each individual
finish of Stages 1, 4 and 6.

Figure

10.

BIA

measurement

post

exercise, shown here after Stage 6 at
Caldaro/ITA.

2.4.4. Hematological parameters
Blood samples (2 x 10 μL) based on capillary blood from the finger tip were drawn
(measurement process was described in Chapter 2.4.3.) to detect Hb and Hct levels (Miniphotometer
plus LP 20, Lange, Germany). Robinson et. al. (2005) ratified this method to reliably determine blood
parameters in the field in absence of standardized laboratory conditions. Relative changes in PVCALC
(Δ%PV) were calculated from pre– and post exercise values of Hb and Hct according to the equation of
Strauss et. al. (1951): Δ%PV = 100×[(Hbpre/Hbpost)×(1–Hctpost/1–Hctpre)]

Figure 11. Baseline blood measurement
is here shown to be drawn prior to the
start of the TAC 2004 at Mittenwald/BRD.
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2.4.5. Vegan nutrition pattern
Specific recommendations for fluid intake were adopted from Maughan (2002) and
Jeukendrup (2002a). Current recommendations for carbohydrate (CHO) intake were adopted (Burke
2002, Hargreaves 2002, Jentjens 2002, Jeukendrup 2002a). Dietary intake was completely recorded
over the full period of eight successive days of competition by a 24 hour survey with the maximum
possible accuracy. Fluid intake (FI) and energy intake (EI) were calculated for three occasions and
subdivided into macronutrients CHO, protein and fat:

1) Pre race (breakfast)
2) Race (sports drink, solid energy bars and energy gels)
3) Post race (including snacks and dinner)
If available, the energy contained in and the composition of packed and/or prepared fluid and
food was taken from the producers` declaration. The energy of pieces or portioned food (such as bread
or fruit) was calculated. The energy of combined food was derived from detailed information about the
ingredients of a specific dish (amount and distribution of macronutrients) and based on personal
communication with the respective chefs (standardized portions).

2.5. Statistical analysis
Descriptive data are presented as mean ± standard deviation (SD). After performing the
Shapiro–Wilk test, the data was found to be normal distributed. Due to the small sample sizes, non–
parametric tests were used for all the analyses.
The differences in average values of RPE, exercise induced FI, HR between the eight stages,
and the differences in the time spent within each of the four intensity zones during each stage were
examined using the Friedman test and Wilcoxon paired tests as post–hoc analyses. Likewise, the
differences in average values of body water compartments between baseline and Stage 1, Stage 1 and 4,
and between Stage 1 and 6, were examined using the Friedman test and Wilcoxon paired tests (post–
hoc). Analyses were performed by using SPSS software package (version 15.0, Chicago, Illinois, USA).
The level of statistical significance was set at p≤0.05.
Hematological parameters were analyzed by using SPSS software package, version 11.0
(Chicago, Illinois, USA). Changes in average values of Hb, Hct and PVCALC were examined by paired t
test as post–hoc analyses. Correlations were calculated using Pearson`s correlation coefficient (r).
Based on the method of reporting the vegan nutrition pattern, if no food label was available,
the calculation of total EI and the respective macronutrients for each piece, portion or dish was
calculated using the nutritional information chart of Petter and Pohlmann (2007), besides several
standardized food composition databases available online (www.dge.de, www.naehrwerttabelle.de,
www.bleibfit.at).
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3.2. Exercise intensity
The findings of exercise intensity during the course of the TAC 2004 are presented in Tables 6
and 9 (case study). Figure 13 depicts the distribution of time spent in respective intensity zones. Values
were analyzed albeit of gender due to the lack of significance in results of absolute and relative HR
between sexes. Pooled data (n=7) of incremental laboratory test show an absolute PPO of 285 (±54) W
and relative PPO of 4.5 (±0.5) W/kg. Average maximum HR found in laboratory testing was 177 (±5)
bpm. The strikingly high average exercise intensity of 85 % of maximum HR during racing was
maintained over the full period of eight successive stages of TAC 2004.

Figure 13. Time spent in respective intensity zones LOW, MODERATE, HIGH and VERY HIGH as
determined by %HRMAXField (n=7) during the Transalp Challenge 2004. Values are means ± SD.

LOW

9.3% (±9.0)

MODERATE

HIGH

VERY HIGH

23.2% (±7.9)

26.7% (±13.9)
40.8% (±13.5)
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3.4. Vegan nutrition pattern
The characteristics of female vegan MTBer is shown in Table 8.

Table 8. Characteristics of the female vegan MTBer and results of incremental laboratory test seven
days before the start of the Transalp Challenge 2004 (starting at 100 W, steps of 30 W every 5 min).
HR = heart rate, PO = power output, PPO = peak PO, LT = fixed lactate threshold of 2 (LT2), 4 (LT4)
and 6 (LT6) mmol/L, bpm = beats/minute.
Unit

Female MTBer

Anthropological characteristics
Age
Body mass (nude)
Body mass
Height
Body mass Index (nude)

years
kg
kg
cm
–

30
47
50
161
17.5

Hematological characteristics
Iron
Transferrin
Transferrin saturation
Hemoglobin
Hematocrit

μg/dl
mg/dl
%
g/dl
%

105
238
31
14
41

W
W/kg
W
W/kg
% max
W
W/kg
% max
W
W/kg
% max

230
4.6
174
3.5
76.1
199
4.0
87.0
213
4.3
93.5

bpm
bpm
% max
bpm
% max
bpm
% max

182
154
84.6
166
91.2
168
92.3

Physiological Characteristics
Absolute PPO
PO at LT2

PO at LT4

PO at LT6

Maximal HR
HR at LT2
HR at LT4
HR at LT6
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The female vegan MTBer finished the TAC 2004 with an overall runtime of 41 hours 59 min
45 sec, overall achieving 16th rank within the “Mixed” category. She maintained an average exercise
intensity of 88 % of HRMAXField during eight days of successive race during the TAC 2004. The
distribution of time spent in respective intensity zones is presented in Figure 15.

Figure 15. Time spent in respective intensity zones LOW, MODERATE, HIGH and VERY HIGH as
determined by %HRMAXField during the Transalp Challenge 2004.

LOW

MODERATE

HIGH

VERY HIGH

15.1%
10.8%

32.5%

41.6%

The values of relative fluid and CHO intake during daily racing were calculated to be 12
ml/kg*h and 32 kJ/kg*h, respectively. Additionally, the average daily EI while competing in the TAC
2004 was 24.61 MJ.
When total EI is separated by occasions, the female ingested 17.4 % during breakfast and 35.2
% during racing. The most important occasions to eat were post race, accounting for 47.4 % of total EI.
The distribution of total calories was 83.3 % from CHO, 7.5 % from protein and 9.2 % from fat.
During the TAC 2004, the most important food groups were found to be energy food (solid
energy bars, gels, drinks) which accounted for 35.2 % (69.3 MJ) of total EI consumed, pizza and pasta
together with 17.6 % (34.6 MJ) and snacks and others with 42.9 % (84.4 MJ). Within the latter
subgroup, bread played a major role (26.9 %) as well as sweets (6.1 %) and fruit (4.3 %) mainly from
bananas.
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Figure 16. Macronutrient contribution for each occasion and whole Transalp Challenge 2004. CHO =
carbohydrate.
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4. Discussion
The focus of this chapter is mainly on the most important factors that might determine, or
rather limit, MTB performance while competing in the TAC (for more detailed information see
Chapter 7: Peer–reviewed publications in Journal of Sport Science and Medicine (JSSM), European
Journal of Applied Physiology (EJAP) and invited book chapter currently to be edited by
Novapublishers, New York, USA). The requirements an athlete has to face when participating in the
TAC are highlighted by a complex performance capacity, amongst others, including the following
aspects:

4.1. Physiological parameters
4.1.1. Physiological profile of the MTB athlete
Considering performance determining factors and physiological profile (Impellizzeri et. al.
2002/2005a+b, Lee et. al. 2002, Stapelfeldt et al. 2004, Wilber et. al. 1997) in MTB sports, a
completely different profile of skills and physiological characteristics of the MTB athlete was found in
comparison to road cycling. These are due to an enormous peak PO, particularly at the beginning of a
race, and a permanent change of load and recovery during the whole event. The individual
performance during MTB races is characterized by very high intensities and a very high impact
distribution during the whole competition (Impellizzeri et. al. 2002/2005a+b, Stapelfeldt et. al. 2004:
88 – 93 % HRMAX in XC; Wirnitzer 2009, Wirnitzer and Kornexl 2008: 85 – 88 % HRMAX in TAC
2004). On the one hand, the importance of single skills for the MTB performance markedly differs
from those for road cycling. On the other hand, the physiologic–anthropometrical characteristics of
MTBers are very similar to those of road cycling uphill specialists (Impellizzeri et. al. 2002, Lee et. al.
2002, Prins et. al. 2007, Wilber et. al. 1997). MTBers show a higher relative PPO (W/kg) at maximum
load. For example Karl Platt (BRD), professional MTB athlete and 7 times winner of TAC, showed
absolute and relative data (maximal aerobic incremental test in spring 2007) of peak PO to be 410 W
and 5.86 W/kg (Scheele and Grieshaber 2007).
Success in MTB sports is basically founded on a high power–to–weight ratio (Lee et. al. 2002).
Therefore, training programmes should target the improval of relative physiological characteristics
rather than the maximization of absolute characteristics to enhance MTB performance (Gregory et. al.
2007, Impellizzeri et. al. 2005a+b, Impellizzeri and Marcora 2007).
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Table 11. Development of key data and overall winners` run time of the Transalp Challenge from 1998
to 2008. Parameters significantly correlated (Pearson`s correlation coefficient) to total distance are
defined as follows: ○ (p=0.003), □ (p=0.01).
Transalp Challenge

Distance
(km)

Altitude difference□
(m)

Winners time○
(h:min:sec)

Speed
(km/h)

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

595.8
624.0
646.1
668.0
569.4
651.3
662.3
724.4
665.0
628.4
663.6

18419
20325
18249
22051
19708
21520
22455
22293
22572
20836
21623

29:32:03
28:02:39
29:33:44
32:05:32
26:30:28
28:45:19
29:21:09
32:12:38
28:51:55
27:32:30
29:59:26

20.2
21.9
21.9
20.8
21.5
22.6
22.6
22.5
23.0
22.8
22.2

Mean
(±SD)

645.3
(±41.0)

20914
(±1560)

29:18:51
(±1:43:37)

22.0
(±0.9)

4.1.3. Prerequisites for the Transalp Challenge
Knowledge of the physiological capacities necessary to successfully participate in MTB events
is crucial to develop adequate training strategies and tactics during MTB stage racing.
The current findings demonstrate that a TAC puts a severe impact on the cardiovascular
system due to a daily UCI XCM race over eight successive stages. Thus, the training has to be
individually planned and consequently conducted both high in extent and intensity. The afore
mentioned completely unique profile of skills, physiological characteristics and race induced impact
distribution needs to be met by MTB–specific training to cope with all the requirements that an off–
road cyclist has to face. Since the TAC is the capital event of the XCM race calendar, some athletes
might participate in the TAC only once in their life. Competing in severe MTB stage races might be
possible after a minimal training for 4 – 6 weeks, but is not advisable. Therefore, attending at the start
of the TAC has to be well prepared and takes time to reach an adequate level of performance to meet
this challenge.
The prerequisites to compete in and probably finish a TAC are a high level in both anaerobic
and aerobic power and capacity.

Anaerobic power and capacity. MTBing requires both endurance and sprint abilities.
Therefore, success in MTB racing is suggested to depend to a large proportion on anaerobic power and
capacity (Faria et. al. 2005a, Impellizzeri and Marcora 2007). In order to determine anaerobic ability
the athlete is required to generate as much work as possible (seated position, 50 – 140 rpm) during 10
– 30 seconds of isokinetic cycle sprinting (Faria et. al. 2005a). The test most frequently used is the
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5. Conclusion
This study was the first to

i)

describe the exercise intensity during one of the most important MTB stage races in the world,
showing the TAC 2004 to be physiologically very demanding and heavily involving both the
aerobic and anaerobic energy system,

ii) study a female MTBer during this difficult multi–day XCM competition and
iii) report the dietary intake during the TAC 2004, showing a well planned vegan diet to adequately
meet the nutritional demands of severe MTB stage racing.

The current findings might be useful to design specific training programs and to develop
appropriate nutritional strategies to sustain the physical demands of severe XCM and MTB stage races.
Therefore, prospective research should aim to focus on one day MTB XCM and MTB stage events,
female off–road cyclists as well as vegetarian and vegan dietary patterns and their influence on
endurance performance, particularly on high performance (road and off–road) cycling and stage
racing.
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