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Abstract. Aim. The aim of this study was to investigate the relationship between anthropometric cha-
racteristics and muscular strength of Turkish elite moutain bikers. Materials and methods. The study
group consisted of 12 Turkish elite male mountain bikers who participating in national and international
cross country olimpic (XCO) mountain bike races in elite category for the last 2 years. Participants mean
age was 22.4 + 3.4 years, body height was 173.2 + 5.18 cm, and body mass was 55.7 + 75.2 kg. Participants
body height and weigth were measured and body mass index of participants was calculated. To determine
the muscular strength, one repetition maximum (1-RM) tests were performed on participants. The associa-
tion between anthropometric characteristics and the muscular strength performance were determined by
the Pearson correlation coefficient. Results. The mean of body heigth was positively correlated with 1-RM
means for triceps pull-down and leg extension, body weigth was positively correlated with 1-RM means
for biceps curl, triceps pull-down, shoulder press, lat pulldown, abdominal crunch, leg extension and leg
curl, BMI was positively correlated with 1-RM means for shoulder press, chest press and leg curl (p < .05).
However, mean age not correlated with 1-RM means for all exercises (p > .05). Conclusions. In conclusion,
body weight and body mass index values are important parameters to be considered in evaluation of muscle
strength and strength training in mountain bike riders.
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1VHueepcumem Yykypoea, AdaHa, Typuusi
2YHueepcumem [oky3 diimons, M3mup, Typuus
3VHueepcumem YaHnakkane OHceku3 Mapm, Yanakkane, Typuus

Annomayusn. lenb: 1Enbl0 JaHHOTO HCCIEIOBAaHHUSA OBUIO M3yYEHHE B3aUMOCBSI3H MEXIY aHTpPOIO-
METPUYECKUMHU XapaKTePUCTUKAMH M MBIIIEYHOW CHIION 3JIMTHBIX TOPHBIX BEJIOCIIOPTCMEHOB U3 Typuuu.
Marepuanbsl 1 MeToabl. BeiOopka uccienoBaHus BKJIoYana 12 BeNOCIOPTCMEHOB MYIXKCKOTO II0Jia M3
Typuuu, KOTOpblEe Y4YacTBOBAJM B HAIIMOHAJIBHBIX M MEXKAYHApOIHBIX ONMMIIHiickuX Kpoccax (XCO)
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Ha TOPHBIX BEJIOCHUIEaX B JUTHOW KaTerOpUU B T€UEHHE MOCTIEeIHUX 2 JIeT. Y BCeX YYaCTHUKOB HCCIIEO-
BaHUS MU3MEPSIM POCT U Maccy Teljla, PacCUMTHIBAIM MHAEKC Macchl Tena. CpenHuil Bo3pacT y4acTHHKOB
cocraBui 22,4 + 3.4 rona, cpeauuii poct — 173,2 + 5,18 oM, cpennsist macca tena — 55,7 £ 75,2 kr. [y oueHku
MBIIIEYHON CHJIBI PACCUUTHIBAIM OJHONOBTOPHEINA MakcuMyM (1-RM). CBsi3b MexIly aHTpOIIOMETPHYECKHU-
MH XapaKTePUCTHKAMH U ITOKa3aTeNIIMH MBIIIEYHON CHIIBI ONPEAEIsUIN ¢ TOMOIIbI0 Koddduimenra koppe-
nsmun [Tupcona. PesyabTatel. [o pesynpraTam HcciieqOBaHUS YCTAHOBIUTH TTOJIOKUATEIBHYIO KOPPEISIIIIO
MEXIy CPeTHIM POCTOM TeJla i CPeTHUMHU 3HAYeHUsIMH 1-RM Ui TsTH Ha TpHIenc u pa3ru0anus HOT; 1Mo-
JIOXKUTEIBHYIO KOPPEISIMI0O MacChl Tella CO CpeAHUMU 3HaueHUsMu 1-RM mms crubanHus pyk Ha Oureric,
TATH Ha TPHIEIC, )KUMa OT IUIeY, BEpXHEH TATH, CKPYUHBaHUH, pa3ruOaHus U cTHOAHUS HOT; TIOJ0KHUTEIb-
Hy1o koppemanuio UMT co cpenanm 3HageHneM 1-RM 1 Kuma 0T 1mied, )Kuma OT TPYAHU U CTHOAHUS HOT
(p <0,05). OgHaxo cpenHUIT BO3pACcT HE KOPPEIUPOBAI CO CPeTHUM 3HaueHHeM 1-RM s Bcex ympakHe-
Hui (p > 0,05). 3akmiouenue. Takum 00pa3om, Macca Tejla ¥ MHAEKC MacChl Tella SIBISIOTCS BXKHBIMHU T1a-
pamerpamu, KOTOpble HEOOXOJMMO YUUTHIBATh IPH OLIEHKE MBIIIEYHOMN CHJIbI M CHJIOBBIX TPEHHPOBOK Y BEJO-

CIIOPTCMEHOB.

Knrwueswvie cnoea: BCJIOCIIOPT, FOpHBIﬁ BCJIOCIIOPT, MbIICYHAA CUJId, aHTPOIIOMECTPUYCCKUC XapaKTC-

PUCTUKH
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Introduction

Mountain biking is a transportation and rec-
reation activity vehicle that has been increasing
rapidly since the 1970s, especially in the USA
and European countries. In the 1990s, mountain
biking was accepted as the official racing discip-
line by the Union Cycling International (UCI) as
a result of the great interest in sports and recrea-
tion activities for mountain bike users. In the 1996
Atlanta Summer Olympic Games, mountain bike
races were included in the Olympic Games pro-
gram for the first time and after that races have
been held regularly. Today, mountain biking is
a very popular nature sport, in which both recrea-
tive and large sports organizations are organized.
There is a significant increase in the number of
race organizations and participants in recent years
[12, 20].

Cross country olympic (XCO) mountain bike
races are held on mountainous terrains trails which
has downhill, climb and sprint sections. Athletes
should spend both short-term with maximal in-
tensity and long-term with submaximal or mode-
rate intensity efforts in competitions on elit level.
Therefore, elite athletes need high level of aero-
bic and anaerobic endurance. Also, due to it’s
rugged course structure, mountain bike athletes
should have highmuscular strength and bike con-
trol skills to overcome obstacles and maintain
balance [11, 17, 22]. In the literature, cycling is
a sport based on endurance performance and
cyclists are also considered as endurance athletes
[6, 30, 31]. For this reason, muscle strength and
resistance training has been a neglected issue in

cycling [19]. However, high level of muscle
strength is required for good start, jumping over
obstacles, explosive sprint and balance especially
in mountain bike races [20, 32].

Literature studies indicate that both lower
and upper limb muscle strength have a decisive
effect on the race performance of mountain bike
athletes [32]. Biomechanical analysis results show
that the power and strength level of the ankle,
knee and hip extensor and flexor muscles which
are active in the pedaling movement are effective
on [8]. On the other hand, obstacle crossings in
mountain bikes, strength of arm muscles and
shoulder junction are also defined as important
performance parameters on racing performance
[10]. In previous studies, level of muscle strength
and its effects on race performance for elite ath-
letes were clearly defined with very detailed
biomechanical analyzes and physical perfor-
mance tests on road and mountain bikes [26, 29,
33]. Recent studies reports that muscle strength
level has a significant effect on start and finish
sprint performance on road bikes [19]. However,
despite the general belief that muscle strength is
effective in racing performance on mountain
bikes, the number of studies examining the muscle
strength level of elite athletes is limited [12, 32].
In this regard, there is a need the studies about
strength of elite athletes and related factors in
mountain biking for literatur.

There is very little research on strength trai-
ning in addition to endurance training on well-
trained cyclists. Therefore, there is a need to fur-
ther investigate the effect of strength along with
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endurance training in elite cyclists [25]. With
the improvement of maximal power in well-
trained athletes, the peak torque increases in
the pedal stroke, the time to reach the peak torque
decreases and the pedaling characteristics can
improve according to the maximum power. With
this result, higher power output or increased blood
flow may be allowed. Related to this, in a study
on cyclists with close maximum oxygen con-
sumption (VO,m.x) and peak aerobic power out-
put (W), low electromyography (EMG) acti-
vity during pedaling was reported in cyclists with
high maximum strength [3]. From this point of
view, the effect of high force values on the torque
profile during pedal stroke in continued endu-
rance training can help athletes to pedal more
efficiently or provide economy of motion.

In cycling sport, anthropometric properties
have an impact on both road and mountain bike
racing performance. In general, cyclists have low
body fat percentage, ectomorphic or ecto-meso-
morphic somatotypes [27, 29]. The findings of
current studies have shown that body mass and
composition is an effective factor on racing per-
formance. However, in some studies, it is stated
that the increase in body mass has a negative ef-
fect on endurance performance [16]. On the other
hand, there are findings indicating that the in-
crease in body mass causes an increase in muscle
strength after regular training in elite athletes.
Both endurance and muscle strength have a deci-
sive influence on racing performance on moun-
tain bikes [19]. However, there is no study that
demonstrates the relationship between anthropo-
metric properties and muscle strength in moun-
tainbikers. Therefore, determining the factors that
affect the muscle strength and strength level of
mountain bike riders will be very useful in terms
of training practices and athlete development.
Based on this idea, the aim of the research is to
investigate the relationship between the anthro-
pometric properties and muscular strength per-
formance of Turkish elit mountainbike athlete
who participate on international races.

Materials and methods

Participants. This research was carried out
during the mountain bike competition season.
The measurements and tests within the scope of
the research were carried out in the performance
laboratory of the Faculty of Sport Sciences, Su-
leyman Demirel University. The study group
consisted of 12 male athletes who participated in
the mountain bike competition in elite category
and took part in the national team. As the criteria

for inclusion in the research for the participants;
a) Participating in national and international XCO
mountainbike races in elite category for the last
2 years, b) To be an active athlete and has a li-
cense in the mountain bike discipline, ¢) Having
regular training from the pre-season period,
d) Being between the ages of 19-35, e) No his-
tory of surgery, fractures or trauma during the
past six months, f) Not having any systemic and
neurological problems, g) Being volunteer to par-
ticipate in the research, conditions were deter-
mined. Athletes who could not have the inclusion
criteria and could not participate to all of the
measurements and tests, were not included to
the study. The research was carried out in accor-
dance with the ethical principles stated in the Hel-
sinki Declaration.

Data Collection. In the research, an informa-
tion form prepared by the researchers was used to
obtain the demographic information of the ath-
letes. Body heigth and weight measurements
were applied to determine the basic anthropome-
tric properties. Therefore, 1-RM test protocols
were used to analyze the performance of the lower
and upper limb strength. It was provided tempe-
rature 23 £ 2 °C and relative humidity 45 + 10%
by using air conditioning system in the laboratory
where physical performance tests were per-
formed.

Anthropometric Measurements. Body height
and weight of the mountain bikers included in
the study were measured using a SECA stadio-
meter and TANITA weigth scale. Their heigth
and weight of participants were determined as
0.01 m and 0.01 kg in accordance with interna-
tional anthropometric measurement standards.
Body Mass Index (BMI) values were calculated
using the [(Body weigth (kg) / (Heigth (cm))2]
formula with height and body weight measure-
ment results of participants.

One Repetition Maximum (I-RM) Tests.
1-RM test is a popular test protocol used in many
sports disciplines to determine the level of
strength of athletes for muscle groups [1, 2].
1-RM tests are used to examine the strength level
in the lower and upper extremity muscle groups
which are active in pedaling and cycling control
[5, 21]. Prior to 1-RM test, each participant per-
formed a warm up protocol consisted of a cycling
period for 5 minutes on a bicycle trainer followed
by 1 minute rest period. After the warm up proto-
col, they performed 810 repetitions with a light
load (~50% of estimated 1-RM) on each resis-
tance machine. After this repetition period, par-
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ticipants rested for 1 min and than performed one
repetition with a 80% of estimated 1-RM load
and the full range of motion. After each success-
ful performance, weight increased by 5-10% un-
til a failed attempt occurred with 3min recovery.
1-RM tests were performed by alternating bet-
ween upper and lower body. In order to deter-
mine the individual 1-RM for upper and lower
body, chest press, triceps, pull-down, biceps curl,
lat pull down, abdominal crunch, leg extention,
leg curl, leg press, seated low row and shoulder
press were performed for each participant. 1-RM
results were recorded in kg [28].

Data Analysis. All statistical analyses were
carried out using SPSS statistic software package
ver. 22.0 (IBM Corp., Armonk, NY, USA). Data
are presented as means with a standard deviation
(+ SD) and range (minimum and maximum va-
lues). The distribution of each variable was exa-
mined with the Shapiro-Wilk Test for normality.
As variances showed a normal distribution, Pear-
son’s correlation analysis was performed to de-
termine whether there were correlations between
anthropometric variables and muscular strength
(1-RM) performance on various exercise of par-
ticipants. For correlation analyses, the level of
statistical significance was set at p less than 0.05.

Results

The participant’s mean age was 22.42 + 3.42
years, body height was 173.17 = 5.18 cm, and
body mass was 66.04 + 4.82 kg. Also, mean of

their BMI was 19.07 + 1.9 kg/m*. Anthropome-
tric characteristics of participants are described
in Table 1.

Table 2 displays the mean, minimum, maxi-
mum values and standard deviations for the 1-RM
values of participants.

Table 3 demonstrates the associations be-
tween anthropometric characteristics and mus-
cular strength (1-RM) performance on various
exercise of participants. The mean of body heigth
was positively correlated with 1-RM means for
triceps pull-down and leg extension (p < .05).
However, there were no relationships between
body heigth and other 1-RM values (p > .05).
The mean of body weigth was positively corre-
lated with 1-RM means for biceps curl, triceps
pull-down, shoulder press, lat pulldown, abdo-
minal crunch, leg extension and leg curl (p < .05).
There were no relationships between body weigth
and 1-RM for chest press, leg press and seated
low row (p > .05). The mean of BMI was posi-
tively correlated with 1-RM means for shoulder
press, chest press and leg curl (p <.05). However,
there were no relationships between BMI and
other 1-RM values (p > .05). The mean age not
correlated with 1-RM means for all exercises
(p > .05).

Discussion

The primary purpose of this study was to
examine the relationship between anthropometric
characteristics (age, body weigth, height and

Table 1
Anthropometric characteristics of participants

Variables Min Max Mean SD
Age (year) 18 28 22.42 342
Height (cm) 159 178 173.17 5.18
Weight (kg) 55,7 75.2 66.04 4.82
BMI (kg/m’) 20.55 23.73 22.00 3.42

Table 2
1-RM values of participants
Variables Min Max Mean SD

Biceps Curl (kg) 40 70 54.33 9.33
Triceps Pull-Down (kg) 50 75 65.41 8.97
Shoulder Press (kg) 35 55 44.17 5.97
Lat Pulldown 60 77 67.41 5.96
Chest Press (kg) 65 110 86.62 13.68
Abdominal Crunch (kg) 45 95 63.75 14.00
Leg Extention (kg) 110 160 139.58 13.56
Leg Curl (kg) 42.5 85 62.2 10.74
Leg Press (kg) 140 230 181.25 28.93
Seated Low Row (kg) 65 90 75.54 10.18
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Pearson correlation coefficient analysis of physical characteristic and muscular strength of participan-trsalble ’
Variables Age Heigth Weigth BMI
Sisepslent :) ..33»215 '.31901 .5.32* ..31251
Triceps Pull-Down (kg) :) "32394 Szg* 53‘5‘* '.133 40
Shoulder Press (kg) ; _:(9)26 ..31163 6(112* °.604191*
R R | . T
Chest Press (kg) ; 1 6390 '.13077 '.31817 5?}?
Abdominal Crunch (kg) ; : 1 6375 '?1901 sgz* "31812
R o M R 2 . o
R R R
Leg Press (kg) ;) '?9088 '.21794 %0670 ..40198
Seated Low Row (kg) ; 7:8,172 '.22608 '%0671 4(;‘ 80

Note. * —p <.05, ** —p <.01.

BMI) and muscular strength of elite male moun-
tain bike riders in Turkey. The present study
showed a direct relationship between 1-RM
values and anthropometric variables observed in
this mountain bikers. Overall, body weight corre-
lated with a greater number of 1-RM values for
upper and lower extremity muscle groups. There
were positive medium-strong correlation between
these variables (range, 0.50-0.77). Body weight
is effective on performance with the load it
creates due to gravity and movement resistance in
cycling. Since excess body fat and muscle mass
increase the energy needed for cycling and it is
not a desired physical feature in elite cyclist [29].
However, if cyclist gain muscle mass increase
naturally, their cycling performance increase at
optimum level. Since elite athletes have low fat
percentage (8—10%), the increase in body weight
and 1-RM values has positive correlation that
consistent literature information [4].
Anthropometric characteristics of mountain
bike XCO athletes; It has been revealed that it
varies according to competition level, body com-
position and somatotype. Over the past two de-
cades, several studies have been conducted to
identify the physiological, biomechanical, psy-
chological, and nutritional parameters that con-

tribute to mountain bike performance. In a study
comparing elite and sub-elite cyclists; It has been
reported that elite athletes are the youngest, have
lower BMI and body fat ratio, and narrower thigh
muscle area. On the other hand, the weekly trai-
ning times (16.1 £ 1.2; 14.0 £ 2.7) and the annual
training distances (18409.1 = 1053.8; 13970.6
+ 3174.5) of the elite athletes are longer than the
sub-elite athletes. In addition, elite cyclists had
a significantly lower endomorphic feature (1.7 +
+0.3; 2.1 £ 0.7) and a significantly higher ecto-
morphic feature (3.1 £ 0.6; 2.5 = 0.5) compared
to subelite cyclists [27]. Hamilton Lee at all.,
found that Australian nationally and internatio-
nally competitive cross country mountain bikers
and road cyclists did not differ in age or height but
mountain bikers are lighter 65.3 £ 6.5 vs 74.7 +
+ 3.8 kg, p = 0.01; mean + s) and leaner (sum of
seven skinfolds: 33.9 = 5.7 vs 44.5 £ 10.8 mm)
than road cyclist [9]. In this study mountain bi-
kers’ and road cyclists’ absolute power output
weren’t significantly different (413 = 36 vs 431 +
+ 12 p > 0.05), but mountain biker have signifi-
cantly higher relative peak power output than
road cyclists (6.3 £ 0.5 vs 5.8 £ 0.3 p <0.05).
Rhai André Arriel at all reported that, the
time to exaust (TE) was significantly correlated
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with body mass and fat free mass (p < 0.05).
Although the TE did not correlate significantly
with body mass index (p > 0.05), there was a low
correlation coefficient (r = 0.30). No significant
association between TE and body fat was found
(p > 0.05) [24].

As reported by Fornasiero at all., there were
no significiant difference at body weight, body
mass index and height between 4 age group (13,
14, 15, 16 years) top levels of youth mountain
bikers. At the peak power outputs 15 and 16 year
groups is significiantly higher than 13 year group,
but at normalized peak power output only 16 year
group is significiantly higher than 13 year group.
As reported in that study the absolute VOjpax
(L/min) of 16 years old male bikers was signifi-
cantly lower than in adult high level athletes
(432 £ 0.39 vs 5.11 + 0.46 L/min) (P < .01),
but the normalized VOpy, to the body mass
(mL/kg/min) was not different (72.7 £ 4.4 vs
75.9 £ 5.3 mL/kg/min) for adutlh male athletes’.
In the 16 year old female goup bouth absolute
and normalized maxVO, values were not signifi-
cinatly different from adult mountain bikers [7].

When the relationship between height and
1-RM values was examined, it was observed that
there was a moderate relationship between height
and triceps pull-down (triceps) muscle strength,
and a high relationship with heigth and leg exten-
sion (rectus femoris, vastus medialis and lateralis
muscules) muscle strength. When the relationship
between BMI and 1-RM muscle strength, it was
determined a medium-high (r = 65 and 54) corre-
lation with shoulder press and chest press and
a high correlation (r = 84) between 1-RM values
and leg curl. The effect of body size on various
movement performances, as well as on various
physiological functions in general has been stu-
died for decades. Several researchers have sug-
gested that body size variables may affect max-
imal strength and the ability to generate power
[13, 23].

According to Jaric's meta analysis in 2002;
he stated that there is a positive relationship be-
tween body size and muscle strength, and longer
and heavier people produce more power. He ad-
vocated the view that this effect is more pro-
nounced among individuals of the same height
among individuals who are larger in size [13].

This result of the study is directly related to
muscle diameter, and it confirms the relationship
between anthropometric properties, especially
muscle diameter with 1-RM. This was confirmed

by another study that examined the relationship
between maximum force and anthropometric
properties. Many researcers stated that the maxi-
mum power values and body size indicators such
as muscle cross-sectional area and body mass
showed a positive correlation [13, 15, 18].
In another study, Keogh et all., they looked at
the relationship between body composition and
maximum force on bench press and squat move-
ment on 42 weight athletes at elite level, they
found that there was no relationship between
leg-arm length and 1-RM. However, they stated
that the reason for this may be the study has
a heterogeneous sample and the relationship be-
tween strength and limb lengths can be obtained
by using more homogeneous sample in terms of
body mass and height [14]. Since our sample is
homogeneous in our study, this explanation sup-
ports our finding that a positive relationship be-
tween 1-RM and height. In the same study, the
relationship between fat percentage and muscle
mass with 1-RM was found to be positive, and it
supports the positivity of the correlation between
the muscle mass and 1-RM we obtained in our
study. In the related study, the relationship be-
tween the size of the skeletal muscle per cm
(muscoskeletal size) and maximum weigth was
also examined and the correlation value; 0.55 for
bench press and 0.68 for squat. We can say that
this is due to increase in muscle mass as height
increases, and accordingly the kg value that
muscle can lift per cm may increase.

The results of the research revealed that
there was no significant relationship between
the mean age of the participants (22.42 + 3.42
years, range 18-28 year) and 1-RM values. It is
known that there is a significant relationship be-
tween muscle strength and age in sports sciences.
However, in adult groups, sarcopenia which is
expressed as a decrease in muscle strength with
age, begins to develop from the age of 30. Since
the age range of our research group is 18-28
years, a sarcopenic effect cannot be mentioned,
it is a reasonable result that there is no significant
relationship between the average age of the re-
search group and the 1-RM values. When the lite-
rature examples are examined, racing experience
in elite mountain bike is considered as a very im-
portant performance component and it is seen
that the average age in the international organiza-
tions is between 25-30. In this regard, it can be
stated that the average age of Turkish mountain
bike riders is lower.
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Conclusion

As a result of this study examining the rela-
tionship between the anthropometric characte-
ristics and muscle strength of elite male moun-
tain bike cyclists; it was determined that the body
weights of elite mountain bikers were particularly
associated with upper extremity muscle strength,
while the BMI value was associated with shoul-
der, trunk and leg strength. In this regard, body
weight and body mass are important parameters
to be considered in the evaluation of the strength
performance of athletes in mountain bikes.
In elite mountainbike athletes, decreasing in body

weight and BMI values may be a sign of decree-
sing on muscle strength or increasing in body
weight and BMI values may be a sign of increa-
sing in muscle strength during regular training
period. In addition, the behavior of athletes to
lose weight during periods of intense training and
competition may cause loss of muscle strength
and a decrease in race performance. In this re-
spect, it will be beneficial for athletic perfor-
mance development in the mountain bike training
applications to monitdr the body weight and BMI
values of the athletes regularly and make revisions
to the training content according to the change.
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