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Abstract

We compared training, anthropometric, physiologaradl psychological characteristics between 14 stgclparticipants in a 24-
hour mountain bike race and 12 runners, particgpant a 7-day running ultra-marathon. Methods: Qaeshires and
physiological measurements. Results: The differencages between cyclists and runners were sigmifi(p << 0.01). The pre-
race minus post-race differenceg (n body mass (from 76.5 + 13.1 kg to 72.0 £ 1&g) and ) in value of hematocrit (6.1 £
3.5 %) were significant only in runners. The paste minus pre-race differenca) (in the rating of perceived exertion was
significant in both groups.
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1. Introduction

Ultra-endurance exercise can be performed in @iffesport activities. However, a consensus on dfiaitlon of
these activities does not exist. According to Zkirgsd Smith (2005) and other authors ultra-endegarompetition
is defined as event that exceed than 6 hours iatidar and can last up to 40 hours or several days.longer
events rely on long-term preparation, sufficienttriion, accommodation of environmental stresscasd
psychological toughness. Despite the fact thantimaber of athletes is increasing and ultra-end@awents have
become very popular during the last decade, knayelésl sparse about the effects of prolonged streshesercise
and the determining factors of ultra-marathon penmce are poorly identified.

For the comparison we chose the 24-hour ultra-exrdie mountain bike race and the ultra-enduranagngry-
stage race. We compared two different sport diswp| two different types of ultra-marathon everst both
performed on various terrain trails. It was supplabat ultra-cycling in contrast to ultra-runnireads to similar but
also dissimilar results. According to Knechtle aahler (2007) there seem to be differences betvpegformances
with breaks, for example during the night (multkgg marathon) and non-stop performances withoinettbreaks
(24-hour race). In addition, factors associatedhwit 24-hour mountain bike performance are verylyare
investigated. The principal objective of this studss therefore to compare select anthropometranitg,
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physiological and psychological variables in twéfatient sport performances, in two separate coagaes, in two
separate settings, in two divergent groups of egitreal ultra-endurance athletes, cyclists and eéts\n

2. Methods

We performed two independent cross-sectional olsenal pieces of research. The ultra-endurancdoout
racing activity, the similar date, the similar chang weather, the same investigative methods amddime research
team were common for both tested groups. The usgbads were questionnaires, physiological measuresand
chip technology Sportsoft in cyclists group. Thbletes were informed of the experimental procedares gave
their written consent. They were asked to complleéequestionnaire which they had received persprh# day
before the race. The questionnaires were createdfigally for this type of research. The parameteuch as age,
gender, a resting heart rate, years as an acthletat average yearly training volume, the numblesimilar
completed races, a rating of perceived exertionE(R€ale 6-20; Borg, 1998) and other data were gsszkfrom
the questionnaires. Some data was added to thdianesre at the finish. The physiological parametébody
mass, height, temperature, hematocrit) were deteanby measuring before and immediately after doe.rBlood
samples were drawn to determine hematocrit levedstlaey were derived from fingertip capillaries.e@all ranking
in the race was specified regardless of the ordéra category due to an objective statisticalatadn.

We investigated differences between the group alistg and the group of runners. We compared select
anthropometric, training, physiological and psydgital variables and the pre-race minus post-riféerehces 4)
in body mass, in temperature, in hematocrit araliating of perceived exertion. We used the Wilcogaired t-test
for dependent selection and chi-square test. Qli®gis a statistical test commonly used to comphserved data
with data we would expect to obtain according tspacific hypothesis. The data was evaluated orlethe of
significance 0.05 in the program Statistic 7.0.

2.1.Race performances

The largest and the oldest 24-hour race in the ICR=Epublic Bike Race Marathon MTB Rohozec in Lilgere
took place from 1 June to 19 June 2011. One race circuit was 12.6 km. The &@vin one round was 250 m.
The track surface consisted of paved and unpavadkrand paths. The start was Le-Mans style. Thégobre was
counted only from the whole rounds, which the rsdeompleted. The aim was to achieve the highest miteage
in 24 hoursAt the start the temperature was 14 ° Celsius am@$ sunny weather. During the race the temperatur
varied from the lowest value of 5 ° Celsius to tighest 25 ° Celsius and the weather changed safswiin sunny,
cloudy to rainy. There was one aid station withd@md beverages located at the start and finish.

The Moravian Ultra Marathon is a running stage cetitijpn over a distance of 301 km and includesassit
marathons in 7 subsequent days, 43 km daily. k fdace from & July to 9" July 2011. The race is the longest
running and most difficult stage race held in thee€h Republic. It is a varied daily running routeohilly terrain
often on unpaved trails with an elevation from abo@0 to 1500 m. At the start the temperature watsCelsius
and it was raining heavily. During the stages #magerature dropped to 28° Celsius, the weathergethand it
became hot and sunny. Throughout the stages thereaid stations with food and beverages.

3. Results
3.1.Comparison of anthropometric data

The cycling group consisted of 16 recreational ntainnbike ultra-endurance cyclists (14 men and 2nen).
Since two cyclists did not complete the race, ame t an injury during the race and the other eneaf irreparable
technical defect on a bicycle, the data was precef®m 14 athletes (12 men and 2 women). The stgatiovered
163.8 - 421.2 km, at average velocity of 15.9 kmfhd@he running group consisted of 12 runners (Eh mnd 2
women) from the original 15 runners. The runnergeced during 7 days 301 km at average time 37 hdurs
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average cyclist was 36.9 + 8.8 years old (meamnadstrd deviation), males 37 + 8.6 years, females 86.5 years.
The average runner was 49.6 + 6.8 years old, nd8flé€s + 7.4 years, females 48.5 + 2.5 years. THerdifices in
ages between cyclists and runners were signifigagk 0.01).

The mean height in cyclists was 180.7 + 7.2 cmemaB2.3 + 6.4 cm, females 171.5 + 3.5 cm. The rheaght
in runners was 177.0 £ 7.0 cm, males 178.8 + 6.2females 168.0 + 1.0 cm. The differences in helgtiveen
cyclists and runners were not significant. The mieadly weight in cyclists was 80.6 + 9.5 kg, mal@s38t+ 8.4 kg
and females 67.3 + 1.3 kg. The mean body weighirmers was 75,1 + 13,3 kg, males 78.9 + 11.1&males 56.0
+ 4.0 kg. The differences in body weight betweedlisys and runners were not significant. Body madsx (BMI)
in cyclists was 24.7 £ 2.4, males 24.9 + 2.5 amddes 22.9 + 1.4. BMI in runners was 23.8 + 3.1lem24.6 + 2.7,
females 19.9 + 1.7. There were no differences in Bétween cyclists and runners.

Dehydration in the cyclists’ group was indirectlyatified as a 2 % decrease in body weight preoth @ace, in
the runners’ group as a decrease 6 % in body masspre race minus post race differensgifl body mass (from
76.5 £ 13.1 kg to 72.0 £ 12.0 kg) in the runnenmgiup was significant (p << 0.01),in cyclists group (from 80.6 +
9.5 kg to 78.7 + 9.0 kg) was not significant. Th#edences in pre-race weights or post-race welgttveen both
groups were not significant. According to the reses from the questionnaires runners consumed 0.3 tters of
fluids before the race and 1.2 + 0.4 liters ofdluiuring one race stage - every day. Cyclists amesul.9 + 0.3
liters of fluids before the race and 3.1 + 0.7r§tef fluids during the 24-hour race.

3.2.Comparison of training indices

Cyclists and runners were recruited among expegdndtra-endurance athletes and all of them hate @ycrun
at least one similar race. There were no significkfferences in years as active athlete, the aeeyearly training
volume, the number of similar completed races betwayclists and runners.

3.3.Comparison of physiological characteristics

The significant pre-race minus minus post-raceedéfifice 4) in value of hematocrit was found in runners (6.1
3.5 %). In contrast no significant differences wargre-race values of hematocrit between cyc($8&3 % + 4,3
%) and runners (45,1 % + 4,3 %) and in post-radaegof hematocrit between cyclists (43,4 % + 3y &d
runners (39,0 % + 4,8 %).

In the cycling group the resting heart rate wa®5512.1 beats/min, males 53.9 + 12.7 beats/mmafes 61.5 £
2, 5 beats/min. In the running group the restingrheate was 51.3 + 6.2 beats/min, males 50,9 th&#s/min,
females 53,0 + 3,0 beats/min. The differencesénrdsting heart rate between both groups wereiguitisant.

The pre-race and post-race changes in temperatwygclists ranged from 36.1 £ 0.6 °C to 35.8 + @C7and
from 36.0 + 0.7 °C to 36.3 + 0.6 °C in runners. Tdifferences in temperature between both groups wet
significant.

3.4.Comparison of psychological characteristics

The values of the rate of perceived exertion (Bsmge, Borg, 1998) increased from 8.0 = 1.7 to #6164 (from
“very light” to “very hard”) in cyclists and fromQl4 + 2.7 to 15.0 + 2.2 (from “light” to “hard”) inunners. The
post-race minus pre-race differenag (h RPE values was statistically significant irclists (p << 0.01) and also in
runners (p < 0.05). The pre-race minus post-rafferdnce in body mass was not significant with puest-race
minus pre-race differences in RPE in both groups.

4. Discussion and conclusions

The differences in ages between cyclists and rgmwere significant. In this study cyclists were mhe87 years
old and runners were nearly 50 years old. We msstirae that runners were older compared to cycliststher
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similar research the age of runners was 45 yeamsdhtle B., Knechtle P., Rosemann & Senn, 2011)ye#2s in
Knechtle and Kohler (2007) and 53 years in Fal®imyer G., Sivyer K. and Dare (1999). For both seatthe 100
km running race the percentage of finishers sigaiftly increased for the 40-49 and the 50-59 ygarggoups over
the studied period from 1998 to 2010 (Knechtle,tRBResemann & Lepers, 2011). In comparison withlisigin
other similar studies their mean age was 39 yaatsniechtle and Rosemann (2009), 34 years in Winind
Kornexl (2008) and 32 years in Linderman, Demchakllas and Buckworth (2003). We concluded, that in
comparison with other studies the age of athletdsth disciplines is a standard.

The differences in weights, heights and BMI betwegalists and runners were not significant in thiesgnt
study. The mean cyclists’ weight was 81 kg, the mieaight 181 ¢cm and the mean BMI 25. The runnesam
weight was 75 kg, the mean height 177 cm and thenn@MI 24. According to research in Wirnitzer andrKexl
(2008) the cyclists mean body mass was 58 kg amdndan height was 1.67 cm. The cyclists mean weighkt75
kg, the mean height 1.79 cm and BMI 23 in Knechtld Rosemann (2009). In comparison with runneris thean
weight was 73 kg, height 178 cm and BMI 23 in Krtezhnd Kohler (2007). In other similar researchgkg, 1.78
cm and BMI 23 in Knechtle et al. (2010) and BMI w&8sin males and 21 in females in Hoffman (2008pnf-this
comparison it is concluded, that both ultra-marathoyclists and runners can vary widely in physitelracteristics
with BMI values that would classify some individsas underweight and others as overweight.

During extreme endurance events that last severgd dn energy deficit results (Bircher, EnggistldeX
Knechtle, 2006). The fluid intake in our testedlisgs was not effective enough. In comparison wékearch in
Wirnitzer and Kornexl (2008) the cyclists fluid &kte was 4 liters per stage mean in stage mountidimglrace. In
this study a 2 % decrease in body weight pre t¢ pae was shown in cyclists. In Bircher et al.q@0one tested
cyclist lost similarly 2 kg body mass in more thardays race. Although the decrease in body massaied
dehydration, the cyclists may have been relatiwigr-hydrated as indicated by the nonsignificantrelase in
hematocrit. A reduction of the fat mass has nonbmmfirmed during a long lasting endurance evenhsas a 24
hours road cycling race (Knechtle, B., Knechtle,NRiller & Zwyssig, 2003). During an ultra distancgcle race,
the energy deficit does not correspond to the lissubcutaneous adipose tissue and muscle masghand
difference cannot properly be explained (Birchealet2006). Changes in core pre-race and postieaoperature
could also reflect dehydration, but also the extianof the organism. However the differences betwehanges in
temperature were not significant in both groupshim present study. As no large weight changes weted at the
conclusion of the 24-hour mountain biking race,i¢gating that significant dehydration and over-hyina were
unlikely to have occurred. This is confirmed by statistically significant differences in pre-racedapost-race
values of hematocrit in cyclists.

In contrast a 6 % decrease in body mass was showaniners. The fluid intake in tested runners was n
effective enough. In this study in runners’ preeraminus post-race values of hematocrit showedsstaily
significant changes. The hematocrit decreased ladconfirmed Knechtle and Kohlers’ (2007) opinitimat there
is the possibility of significant decrease of skallenuscle mass - more than dehydration. A posséason for these
different findings in both groups might be accogdin Knechtle B., Wirth, Knechtle P., Zimmermanrgher and
Wirth (2009) that ultra-cycling in contrast to @ltrunning, leads to no reduction in skeletal m@ikgre also appear
to be a number of differences in biochemical respenbetween staged and continuous races over rsionig
distances (Fallon et al., 1999). We concluded, tthede may be related to the population studiedtdtal distance
covered, intensity of exercise, rest periods, diffiees in the acute phase response to musculakébtue
damage, or failure to consider the effects of pesolume changes.

Comparison of training variables in this study skdwo significant differences between both groiijpe small
statistical size might limit statistical calculatea However, in existing literature, smaller sarapiere investigated.
Furthermore, in a larger sample of ultra-athletedoth groups, the comparison of training and ambmetric
variables might lead to different findings.

In the present study significant differences insagetween cyclists and runners were demonstrateel.nfain
results of the present study showed, that the peroé older ultra-athletes, especially runners,ngigantly
increased. The other result was the significantr@ce minus post race differen@g (n hematocrit andA) in body
mass in runners. The hydration status, likely desmeof skeletal muscle mass could seemed to lmepafriance for
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a stage running race. From this analysis concluladin comparison between cyclists and runnersraghraluated
select anthropometry, training and physiologicalakdes were not significant. In contrast post-rataus pre-race
changes /) in RPE values were statistically significant iothp groups. Our results suggest big declines intahen
function during a 24-hour cycling race and a 7 stagnning race. The nature of these extreme, diftetypes of
races has illuminated some differences among ahhirance athletes. Since a cross-sectional stutly w
correlation analysis cannot provide cause and teffedongitudinal study with stricter measures stablish the
decline in body mass is needed.
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