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Abstract

Purpose The purpose of this study was to investigate the changes in blood lactate concentration (BL) and muscle activity
patterns during a 15-m speed climbing competition that consisted of ten consecutive climbing actions on a standardized
artificial wall in trained rock climbers.

Methods Twelve trained rock climbers participated in this study. Surface electromyography (SEMG) and video signals were
synchronized and recorded during climbing. The blood lactate was also tested 3 min after completing the climb.

Results The average climbing time was 8.1+2.1 s for the 15-m speed climb across all subjects, accompanied by a BL of
7.6 +1.9 mmol/L. The climbing speed and power firstly increased and then slightly decreased relative to peak value dur-
ing the 15-m speed climbing. The results showed there was a positive correlation between the BL and the climbing time,
r=0.59, P=0.043. The sEMG showed the flexor digitorum superficialis (FDS) electric activity was the highest, followed
by the biceps brachii (BB) and latissimus dorsi. The instantaneous median frequency of SEMG of FDS and BB significantly
decreased during the 15-m speed climbing. All the participants showed the higher SEMG RMS (%) in the terminal phase
than that in the initial phase, especially with a greater increase in the left upper limbs. However, the lower limbs muscles
presented no significant changes in the SEMG amplitude during climbing.

Conclusions The FDS and BB play an important role in completing the 15-m speed climbing. The median frequency of arm
EMG decreased more than that of legs, suggesting more fatigue. The blood lactate concentration increases in the current
study suggest that a certain amount of glycolysis supplies energy in completing 15-m speed rock climbing. Based on the
current data, it is suggested that muscular endurance of FDS and BB muscles in upper limbs should be improved for our
climbers in this study.
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Introduction

Rock climbing has become increasingly popular and has
recently been confirmed as a new sport for the Tokyo 2020
Olympic Games. Competitive climbing requires special
skills and specific muscle strength (Janot et al. 1999).
Specified training has become more and more impor-
tant for optimization of rock climbing performances
(Schweizer and Schneider 2006). Training protocols are
based on the knowledge of characteristics of neuromus-
cular control on specific technical movements. Speed rock
climbing is a specific type of competitive climbing that
requires competitors to complete consecutive climbs on
a 15-m artificial standardized wall as quickly as possible.
Therefore, speed rock climbing demands a great amount
of muscular power and endurance (Laffaye et al. 2014). To
our knowledge, there are few studies investigating neuro-
muscular activation during rock climbing. Understanding
the characteristics of neuromuscular activation in speed
climbing would help coaches to make specialized training
protocols and to further improve climbers’ performance.
Surface electromyography (sEMG) has been exten-
sively used to detect muscle activation patterns in various
sports (Tiller et al. 2017; Clarys and Cabri 1993) as well
as during rock climbing (Koukoubis et al. 1995; Watts
et al. 2008a, b; Deyhle et al. 2015; Quaine et al. 2003).
Deyhle et al. (2015) focused on upper-extremity SEMG
in climbers during a pull-up movement with four fingers.
Watts et al. (2008a) observed changes in maximum hang
time and anterior forearm electromyography (EMG) dur-
ing repeated maximum duration hangs from a simulated
rock feature. The EMG of anterior forearm muscles indi-
cated that long recovery intervals improved anterior fore-
arm muscle recovery from fatigue. In another study (Watts
et al. 2008b), SEMG was collected from forearm muscles
during a specific movement in a difficult climbing session.
The results showed that sSEMG amplitudes of forearm mus-
cles were significantly different during various hand con-
figurations on rock points, showing the important role of
forearm muscles in different hand positions. Quaine et al.
(2003) evaluated the difference in finger flexor muscle
endurance between non-climbers and elite rock climbers
by performing a series of fingertip isometric contractions.
They found that the median frequency of both the finger
flexor and extensor SEMG power spectra decreased during
isometric contractions. A smaller decrease in median fre-
quency was also found in climbers compared to non-climb-
ers, suggesting that climbers have better finger flexor and
extensor endurance than non-climbers. Although sSEMG
has been used to assess the characteristics of neuromuscu-
lar control for rock climbing, most studies mainly focused
on simulated, albeit difficult rock climbing in a laboratory
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setting. There have been no studies on neuromuscular
activation patterns during an actual-speed rock climbing
competition. Furthermore, previous studies have focused
on upper-extremity muscles, and have not included lower
extremities.

Specificity of physical training is important to maximize
performance; however, little research has contributed to our
understanding of physiological stresses encountered in speed
rock climbing. Accumulation of blood lactate involved in
speed rock climbing is a possible area of interest. Such infor-
mation would be of value in the design of climbing-specific
physical training programs. A few studies have attempted
to describe the level of blood lactate concentration during
climbing, but have implemented difficult rock climbing
(Géspari et al. 2015; Watts et al. 2000), or simulated climb-
ing (Watts and Drobish 1998) rather than speed rock climb-
ing specifically.

To further improve performance in speed rock climbing,
it is important to understand the neuromuscular activation
patterns and blood lactate concentrations involved to support
their training programs. We hypothesized that small muscles
in upper extremities might play an important role in com-
pleting the actual-speed climbing and blood lactate concen-
tration responses might be different from previous studies
in simulated climbs. Therefore, the purpose of this study
was to identify the muscle activation patterns of upper and
lower extremities muscles and blood lactate concentration
responses in elite rock climbers during a 15-m speed climb.

Materials and methods
Subjects

Twelve trained rock climbers (6 male), age 22.3+0.9 years,
height 171.1 £2.4 cm, body mass 65.2+7.8 kg, training
experience 6.5+ 1.1 years, and body fat (male 14.3 +2.4%,
female 17.8 +2.1%), volunteered to participate in the study.
They were all national elite athletes in China, and all were
right-hand dominant. Prior to testing, all subjects were
explained the procedure and were asked to read and sign an
informed consent. The Human Subject Institutional Review
Board (HSIRB) approved the experimental protocol.

Protocols

All subjects were instructed to perform one successful 15-m
speed climb as quickly as possible. They were required to
complete the task with ten consecutive climbing actions
along a predetermined climbing route on a standardized arti-
ficial wall. Before the test, participants performed a 25-min
full-body warm-up. This included 10 min of jogging, and
15 min of dynamic stretching (head rolls, windmills, side
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twists, and walking lunges). The SEMG signals from upper
and lower extremity muscles and the video signals were syn-
chronously recorded by wireless surface electromyography
equipment and a camera. At rest and at 3 min after complet-
ing the climb, blood lactate was assessed via an ear prick. To
reduce the effect of warm-up on the blood lactate at rest, the
timing of the resting blood lactate sample was approximately
15 min after warm-up. Climbing time during the 15-m speed
climbing was recorded by the mechanical—electric timing
devices fixed on the ground and artificial wall.

sEMG collection and processing

A 16-channel wireless SEMG system (ME6000, Mega
Electronics Ltd, Kuopio, Finland, with a bandwidth of
8-500 Hz, A/D converter of 14-bit, common mode rejec-
tion ratio (CMRR) of 110 dB, and pre-amplifier gain of
305 dB) was used to collect signals from 16 representative
bilateral skeletal muscles including flexor digitorum super-
ficialis (FDS), extensor digitorum communis (EDC), long
head of biceps brachii (BB), long head of triceps brachii
(TB), latissimus dorsi (LD), tibialis anterior (TA), gas-
trocnemius medialis (GM), and the rectus femoris (RF).
Round-shaped bipolar pre-gelled silver chloride elec-
trodes, 1 cm in diameter (Shanghai Shenfeng, China) were
used. The electrodes, each with an inter-electrode distance
of 2 cm, were placed over the middle of the muscle belly
along the longitudinal axis, which was confirmed by pal-
pations of muscle bulk during a brief maximal isometric
contraction. This validated electrode placement, used by
Winter et al. (1994), helps to minimize crosstalk. To keep
the inter-electrode resistance low (<2 kQ), the skin was
shaved, abraded with sandpaper, and cleaned with 60%
alcohol. The cables were strapped to the limbs by elastic
bandages to reduce the impact of movement artifact. Vis-
ual inspection for the raw SEMG baseline was acceptable,
and was below 3 pV when subjects were under the state
of relaxation. The sampling rate of the raw SEMG signals
was 1000 Hz; bandpass filtering by 8-500 Hz was per-
formed with MegaWin software. For calculating the sSEMG
amplitude parameters, the raw SEMG signals were low and
high-pass filtered (300 Hz and 20 Hz cutoffs, respectively,
with fourth order Butterworth filters) to reduce the impact
of movement artefacts (Quaine et al. 2003; Konrad 2005).
Finally, they were full-wave rectified. The sSEMG data
were smoothed using a moving average method (Konrad
2005). This method, based on a user-defined time win-
dow, refers to a certain amount of data averaged using
the sliding window technique. In the study the SEMG was
smoothed by moving average method with a time window
of 0.05 s. Based on this SEMG data processed, average
muscle contribution of individual muscle was calculated
during the entire climbing across all subjects according

to Caterisano’s method (Caterisano et al. 2002), where
muscle contribution is calculated as the percent of inte-
grated EMG (iEMG) of each muscle to the total iEMG of
the all muscles monitored. First, we calculated the iEMG
percentage of each muscle for each subject, and then the
average iEMG percentage for each muscle was calculated
across all subjects.

To reduce the effects of physical and non-physical fac-
tors, all the sSEMG data were normalized and expressed
as percentages of referenced amplitudes during a maxi-
mal voluntary contraction (MVC) (Farina et al. 2014).
The method of MVC techniques in the present study was
adopted from Konrad (2005). The MVC test was per-
formed for each investigated muscle separately. MVCs
were performed against static resistance. The first step
was to identify an exercise/position that allowed for an
effective maximum isometric force, which were typically
isolated single-joint activities statically fixated at middle
positions within the range of motion. The participants
were given verbal encouragement during the two maximal
isometric efforts for 4 s. To avoid fatigue, 3 min rest was
allowed between the two MVC trials. A 0.1-s time window
was used to calculate the average of the maximal SEMG
amplitude of each muscle by root mean square (RMS).
The average maximal SEMG amplitude was used as the
referenced SEMG RMS value for normalization. Then, the
sEMG values after full-wave rectifying were normalized
to the reference value, which were expressed as RMS (%).
To detect the sSEMG amplitude changes before and after
the 15-m climbs, we observed the SEMG RMS (%) of right
and left limbs in the initial phase (average of second and
third climbing actions) and the terminal phase (average of
ninth and tenth climbing actions).

To further assess muscle activation patterns, the instan-
taneous median frequency (MF) of SEMG spectrum for
each contraction was calculated by time—frequency method
(Bonato et al. 2001) and was based on the raw SEMG.
Additionally, the time-related behavior of MF for muscles
was plotted and the slope of the line of best fit was com-
puted during the ten climbing actions. We also observed
the MF changes, which was defined as AMF (%). The
AMF (%) was defined as follows:

MF 10th action —

AMF (% ) = T
1st action

The MF ¢ action @0d MF | o, action T€Present the median fre-
quency of SEMG at the first climb and the last climbing
actions, respectively.

The speed of the body during each climb was also
calculated. First, the displacement of head and time was
confirmed by video and sSEMG signals during each climb.
The climbing speed was then obtained by the ratio of
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displacement-to-time [speed (m/s) =elevation displace-
ment of head (m) +time (s)]. The video was input into
the DV Coach software (Wuhan, China), which is used
for analyzing kinematics of data. The vertical side length
(1.7 m) of the rectangle board on the standardized artificial
wall served as the scale for linear transformation. The time
of each climb was defined as the time interval between
contacting a rock for one leg and leaving the rock for the
same leg, which was confirmed by SEMG of the RF and
video. The vertical displacement of the centre of the head
was used to quantify actual height climbed. Additionally,
the power was also calculated, and defined as the speed
of vertical displacement multiplied by the force needed to
displace the body [power (W) =body mass X g X speed],
where g (9.8 N/m) is acceleration due to gravity. The
power was presented in absolute and normalized (i.e.,
relative to body mass) values [normalized power (W/
kg) = g X speed].

Blood lactate collection and process

Twenty microliters of blood was collected at rest and at
3 min. after completing the 15-m climb. Prior to each test,
the equipment (LT1710, Kyoto, Japan) was calibrated by a
reagent strip. To further observe the changes in blood lac-
tate concentration after completing the 15-m speed climb,
the ABlood lactate (%) was calculated. The ABlood lactate
(%), which reflects the level of increase of blood lactate, was
defined as follows:

blood lactate, 5 i, — blood lactate
ABlood lactate (% ) =

blood lactate,; .

Effect sizes (Cohen’s D) are also reported, when appro-
priate, and are interpreted as: small effect>0.2; medium
effect > 0.5; large effect > 0.8. The significant level was
0.05.

Results
Climbing time, speed, and power

The climbers showed an average climbing time of
8.1 £2.1 s in completing the 15-m speed rock climb-
ing sessions. As seen in Fig. 1, the climbing speed first
increased and then slightly decreased relative to the peak
value. The power values are displayed in Table 1.

EMG time domain indices

As shown in Fig. 2, compared with other muscles, the
iEMG (%) of the BB and FDS had the highest contribution
rates in completing the 15-m speed climb.

To observe changes in SEMG amplitude, we calculated
SEMG RMS (%) changes between the initial phase and
terminal phase for each muscle. As shown in Fig. 3, the
difference primarily occurred in the upper limb muscles,
specifically the right BB and FDS (initial phase vs. ter-
minal phase, P <0.01, Cohen’s D=0.66 and P <0.05,
Cohen’s D=0.48; Fig. 3a) and the left BB and FDS (initial

at rest X 100%

The blood lactate,; . and blood lactate,, 5 ,;, represent
the blood lactate at rest and at 3 min after completing climb-
ing, respectively.

Statistical analysis

Statistical software SPSS 16.0 and GraphPad Prism 5 were
used to analyze the data. The distribution of the data was
tested using the Shapiro—Wilk test. The Pearson correlation
between blood lactate and total climbing time during the
15-m speed climb was calculated. A paired samples ¢ test
was used to determine whether there was a SEMG RMS
(%) amplitude significant difference between the initial and
terminal climbing phases. The significant changes in MF
were also tested by a paired samples t-test. Additionally, a
repeated-measures ANOVA was used to test the changes in
climbing speed and power. To compare two mean values,
the adjusted least significant difference test was performed.
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Fig.1 Climbing speed changes during the climbing period for all
subjects. Data are presented as mean=+SD. Speed values were com-
pared with reference values—that is, peak speed value. *Significant
difference from the peak speed value, P <0.05
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Fig.3 Comparison of EMG root mean square (RMS) (%) of each
muscle between the initial and terminal phases during 15-m speed
climbing. *Initial phase vs. terminal phase, P<0.05, **P<0.0l.
Right upper and lower limbs (a); left upper and lower limbs (b). Data
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Fig.4 Root mean square (RMS) (%) changes of average RMS in
different repetitions for bilateral biceps brachii and flexor digitorum
superficialis. Left BB left long head of biceps brachii, left FDS left
flexor digitorum superficialis, right BB right long head of biceps bra-
chii, right FDS right flexor digitorum superficialis
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Fig.5 Media frequency (MF) changes of average MF in different rep-
etitions for bilateral biceps brachii and flexor digitorum superficialis.
Left BB left long head of biceps brachii, left FDS left flexor digitorum
superficialis, right BB right long head of biceps brachii, right FDS
right flexor digitorum superficialis
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are presented as mean=+SD. AT anterior tibial, GM gastrocnemius
medialis, RF rectus femoris, LD latissimus dorsi, BB long head of
biceps brachii, 7B long head of triceps brachii, FDS flexor digitorum
superficialis, EDC extensor digitorum communis

Discussion

The present study was conducted to characterize the neu-
romuscular activation patterns of upper and lower limb
muscles and blood lactate concentration responses after
a 15-m competitive speed climb in trained rock climb-
ers. The climbing time, speed, power, blood lactate, and
neuromuscular recruitment adaptation were analyzed. The
results demonstrate that the median frequency of upper-
extremity SEMG decreased more than that of the lower
extremities, suggesting more fatigue in the upper limbs
during the climb. Specifically, the biceps brachii and
flexor digitorum superficialis muscles showed the great-
est changes in RMS and MF, especially in the left upper
limbs, implying that these small muscles play an important
role in speed climbing. Furthermore, blood lactate concen-
tration showed a positive correlation with climbing time;
slower climbers accomplished the task with a greater rise
in blood lactate concentration.

SEMG has been extensively applied in sports science
studies to analyze neuromuscular recruitment during vari-
ous movements. In the current study, the rate of contribution
of the BB and FDS was the highest in all muscles measured
over the entire 15-m climb. Relative contribution of lower
limb muscles was smaller than we expected. This may be
associated with competition speed climbing technique, in
which climbers’ feet play a role of instantaneous support
(Watts and Jensen 2003). This result is in accordance with
the Koukoubis et al. (1995), who found that the highest
iEMG values were generated by the FDS and BB muscles
for elite climbers during a simple push-up. However, they
did not measure the EMG activities of lower limbs’ muscles
with a foot support; therefore, their results may not reflect
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Table2 AMEF (%) of each muscle in all subjects during 15-m speed climbing
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

R.FDS —7.86 —7.09 —6.58 -654 -1205 -1221 —-11.69 —11.25 —-7.69 -6.95 -8.90 —8.57
R.EDC —-4.61 —-3.32 —-3.32 —-2.33 —-9.34 —-8.39 -5.11 -6.77 -5.67 —-1.28 —4.56 —4.56
R.BB —11.69 -6.25 —8.64 -649 -1099 -—10.13 —-7.89 -4.00 -6.39 -9.13  -8.03 -7.13
R.TB -2.13 0.23 -3.11 1.22 —-1.23 -3.21 —1.89 1.14 2.34 -234  -1.78 -1.10
R.LD 1.21 0.34 -0.45 —-1.34 -4.17 —2.45 -3.21 2.02 1.08 0.87 —2.23 2.19
R.RF 1.22 2.32 —-2.21 -1.21 1.22 —-2.34 -3.05 2.10 —-1.50 -0.39 -0.98 —-1.21
R.TA —-1.21 -1.10 2.04 -2.11 -3.15 -1.11 1.38 -2.19 0.23 1.26 2.34 1.09
R.GM 1.02 —-1.33 2.55 —-2.01 2.11 -1.20 1.55 044 -—1.24 —-0.69 1.24 —1.45
L.FDS -1250 -1692 —-10.29 -986 -17.00 -1022 -13.70 -1389 -725 -1032 -9.79 —-14.53
L.EDC -8.62 —10.12 —-8.92 -821 —-144 —5.36 —5.56 -5.67 =341 -589 —-6.71 —8.80
L.BB -1449 -1408 -10.00 -11.76 —-1394 —-10.00 —-11.27 -548 —-548 -1035 745 —-9.56
L.TB —-8.22 —6.12 —5.67 -5.12 -5.99 —6.79 —6.78 1.54 -0.53 —-3.65 344 —4.67
L.LD -3.15 -5.67 —2.31 1.23 —-3.27 2.07 2.37 —-3.22 2.45 —-1.29 1.45 -5.71
L.RF 1.33 -1.93 —3.08 —-0.56 1.58 —-2.19 —0.88 122 —-1.24 —-0.22 0.34 1.12
L.TA -0.89 1.12 -0.35 -0.19 1.23 227 —1.47 2.45 3.30 227  -0.38 —-1.24
L.GM 0.96 —-0.33 1.65 -0.34 -1.34 —2.46 -3.56 2.35 1.03 098 -0.12 0.33

S1-S12, represents all 12 subjects

R.FDS/L.FDS right/left flexor digitorum superficialis, R.EDC/ L.EDC extensor digitorum communis, R.BB/L.BB right/left long head of biceps
brachii, R.TB/L.TB right/left long head of triceps brachii, R.LD/R.LD right/left latissimus dorsi, R.RF/L.RF right/left rectus femoris, R AT/L.TA

tibialis anterior, R.GM/L.GM right/left gastrocnemius medialis

Table 3 Comparison of MF between MF |, ,ion a0d MF| o, action

MFlst action MFIOth action t P Cohen’s D

RFDS 79.50+3.09 72.41+3.78%% 13.77 <0.0001  2.05
REDC 7850+3.58 74.60+3.44%* 745 <0.0001 1.11

RBB  7825+4.94 7239+4.74%* 12.36 <0.001 1.21
RTB  78.00+5.15 77.23+5.22 1.68  0.12 0.15
RLD  73.50+4.50 73.08+3.95 0.51  0.62 0.10
RRF  74.33+7.00 73.97+7.29 1.04 031 0.05
RTA  7375+7.11 73.56+6.77 036  0.72 0.03
RGM 69.50+6.26 69.58+6.68 026 079 -0.01
LFDS 7542+4.06 66.19+3.69*%* 12.85 <0.0001  2.38
LEDC 71.67+9.11 66.29+9.51*%*% 10.12 <0.0001  0.58
LBB  73.92+5.09 66.36+6.10%* 12.21 <0.0001  1.35
LTB  71.75+7.02 68.37+6.27* 5.16 0.0003 0.50
LLD 72.83+7.07 71.91+7.28 142 0.18 0.13
LRF  76.42+329 76.11+2.86 093 036 0.10
LTA  73.08+3.50 73.57+3.50 1.62 013 -0.14
LGM 74.00+6.18 73.92+5.95 0.01 1.00 0.01

MF | sciions TEPresents the MF at the first climbing action; MF 4 actions
represents the MF at the tenth climbing action. The Cohen’s D, repre-
sents the effect size

*MFlst action VS- MFIOth action> P<0.001

>l<>klvlFl>t action VS- MFIOth action? P<0.0001

Pearson r=0.59, P = 0.043

Blood lactate (mmol/L)

o

5 7 9 1I1 13 15
Climbing time (s)

Fig.6 Pearson correlation between blood lactate and climbing time
during the 15-m speed climbing. Dot line represents 95% confidence
interval

an authentic neuromuscular recruitment during an actual
climbing session.

The RMS of sEMG is usually used to reflect the SEMG
amplitude (Dideriksen et al. 2011; Cerqueira and Carvalho
2013). In a study by Cerqueira and Carvalho (2013), the
reproducibility of the RMS of sEMG in static and dynamic
contractions was assessed. The results indicated that the
amplitude has high reliability in static and dynamic contrac-
tions, enabling the application of SEMG in the investigation
of neuromuscular activation patterns and disorders. How-
ever, due to limited technology, there has not been enough
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research to study the neuromuscular activation patterns of
climbers during a speed climbing event. In the current study,
the RMS (%) amplitude of SEMG increases over the 15-m
speed climb shows that the significant increase of SEMG
amplitude mainly occurs in the FDS and BB muscles. In
this study, the climbing speed and power showed a signifi-
cant increase from the first to the seventh climbing action
and a slight decrease relative to peak value toward the end.
We assume that the increased RMS could be due to greater
effort during the climb. In a recent study, we also found that
the sSEMG RMS of the flexor digitorum profundus increased
with the increase of perceived effort during sub-maximal
handgrip isometric contractions (Guo et al. 2017). Further
analysis indicated that the greater effort closely relates to
increase of the central motor command from the sensori-
motor cortex (Guo et al. 2017). Therefore, in this study the
increases of RMS (%) amplitude for FDS and BB over the
15-m competition speed climb might simply be elicited by a
greater amount of effort. It has been found that the instanta-
neous MF of SEMG spectrum is more reliable for assessing
muscle activation patterns during dynamic contractions by
the time—frequency method (Bonato et al. 2001). Addition-
ally, some studies have demonstrated that the SEMG spec-
trum component decreases during a fatiguing task (Cérdova
et al. 2017; Trajano et al. 2015; Izquierdo et al. 2009). As for
the sSEMG power spectrum in our study, the instantaneous
MF of the FDS and BB declined during the speed climb and
these muscles all represent a negative slope with the climb-
ing time, which is similar to the Quaine’s study (Quaine
et al. 2003). They found that the MF of finger flexor and
extensor SEMG power spectrum decreased during fingertip
isometric contractions, but non-climbers showed a greater
negative slope of MF compared to the climbers. Their results
indicated that SEMG MF of the FDS declined by 23% com-
pared to the beginning value under sub-maximal repetitive
fingertip isometric contractions. However, in our study, the
MF decreased by 15% from beginning to end of the 15-m
speed climb. This may be associated with the difference in
experimental protocols. Deyhle et al. observed the MF of
SEMG power spectrum during a difficult climbing route
task (Deyhle et al. 2015). They measured the sSEMG of four
muscle groups for rock climbers in performing an indoor
climbing route task. In this task, SEMG MF for digit flex-
ors and elbow flexors declined from beginning to the end
of exercise. They concluded that the muscular endurance
of digit and elbow flexor groups is especially important for
rocking climbing on an artificial wall, which is in line with
our findings.

Of note, regardless of SEMG amplitude or spectrum com-
ponents in the speed climb, there was a tendency for greater
changes in the left limb muscles compared to the right. The
observed decrease of the MF of sSEMG in the left limb mus-
cles was 15% of the beginning value, whereas it amounted
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to 9% in the right limbs. This shows that the rate of decrease
of the MF of BB and FDS in the left upper limb seems to be
higher than that of the right upper limb. All the subjects in
the current study were right-handed; this might suggest that
in our study the climbers’ left upper limbs muscles strength
is less than that of the right upper limbs. Additionally, as
shown in Table 2, the MF of arm sEMG decreased more than
that of legs, suggesting more fatigue in the upper extremities
during the speed climb.

Our subjects showed a high blood lactate concentra-
tion (7.6 + 1.9 mmol/L) after the 15-m speed rock climb-
ing event. To our knowledge, at present there have been no
reports of blood lactate concentration changes surrounding
speed rock climbing. Some researchers have reported blood
lactate changes in difficult rock climbing, such as Watts
and Drobish (3.6-5.9 mmol /L) (Watts and Drobish 1998),
Billat (4.3-5.7 mmol /L) (Billat et al. 1995), and Mermier
(3.1 mmol /L) (Mermier et al. 1997). The blood lactate con-
centration in our study was relatively very high. This could
represent significant muscular metabolic activity since body
fast movement during speed rock climbing is provided by the
large muscles in upper and lower extremities. Furthermore,
blood lactate concentration showed a positive correlation
with climbing time; slower climbers showed a greater rise
in lactate levels. Additionally, the female climbers in the
current study were relatively slower, and accumulated more
lactate compared to the male climbers. In the male climb-
ers, faster climbs were associated with lower lactate values.
Speed climbing is a high-intensity activity that is performed
in the shortest possible time. Once the high-energy phos-
phates are depleted through the ATP-CP system, the glyco-
Iytic system is used for supplying energy and generates high
levels of blood lactate, leading to relatively slower muscle
contractions and decreased climbing times. It is suggested
that the slower climbers in our study should improve their
capacities of ATP-CP energy system.

Limitations

Although some interesting results were found in the pre-
sent study, there were some limitations. It was found that
the decreases in MF from the left limbs were greater than
those from the right limbs. The differences in mechanical
requirements between left and right limbs during the climb-
ing may be the reason for the difference in MF between right
and left limbs. Additionally, as Lynn et al. (1978) reported,
the sSEMG spectra is related to electrode spacing and fiber
distance. In our study, the electrode size of 1 cm and inter-
electrode distance of 2 cm might have caused a low-pass
filtering effect of EMG signals, which contributed to a low
MF. In addition, we used an electrode placement over the
middle of the muscle belly along the longitudinal axis with
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an inter-electrode distance of 2 cm; this may have caused a
shift of the innervation zone below the skin during climbing
and may have impacted the values of RMS and MF.

Conclusions

In conclusion, the flexor digitorum superficialis and biceps
brachii have high levels of activity during a competitive
15-m speed climbing event. The median frequency of arm
EMG decreased more than that of legs, suggesting more
fatigue in upper extremities. In addition, the blood lactate
concentration increases suggest that glycolysis supplies a
fair amount of energy in completing the 15-m speed rock
climbs. With these results, coaches will be better prepared
to design appropriate training programs for speed climbing
athletes. It is suggested that muscular endurance of FDS
and BB muscles in upper limbs should be improved for the
climbers in this study.
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