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Abstract:

Speed climbing is the most dynamic discipline among all climbing sports that involves an optimization of the
ascensional velocity. The result of competition depends on the time of climbing 15 m; therefore, all climbers try
to improve their speed of climbing. The phases of climbing include the starting, second, third, and ending
phases. The starting phase is the most importance phase, because the climbers should increase their speed from
zero to the highest speed, which is seventy-five to one-hundred percent of the maximum climbing speed. There
are two patterns for passing the starting phase, i.e., the classic start and the Tomoa skip. The classic start passes
the starting phase by catching the 4™ hand hold before catching the 5™ hand hold, whereas the Tomoa skip does
not. Thus, the Tomoa skip is an interesting starting pattern to improve maximum climbing speed, but there are
few 3D analyses to show how the climber moves using that pattern. The purpose of this study was to perform a
3D analysis and compare the movement between the classic start and Tomoa skip during the starting phase of
fifteen-meter speed climb. One Thai national rock climber was chosen to climb at an indoor speed climbing
competition. Eight high-speed cameras were placed in front of and next to the rock wall. Fourteen retroreflective
markers were placed on both sides of upper and lower extremities, spinous process of the 7™ cervical vertebra,
and center of harness. The climber was allowed to climb as fast as he could using 2 starting patterns, i.e., the
classic start and Tomoa skip. The movement of the climber during the starting phase, especially from the 3™ to
the 5™ hand hold, was analyzed. The obtained results showed that the Tomoa skip starting pattern had shorter
distance than the classic start; therefore, this pattern required less time but higher speed than the other pattern. In
the Tomoa skip pattern, the climber moved by leaping from the 3™ to the 5" hand hold using the right leg to kick
the hold vertically simultaneously with the right hand catching the 5 hand hold. On the other hand, in the
classic start, the climber tilted the body to catch the 4™ hand hold and then tilted back to the 5™ hand hold.
Therefore, using the Tomoa skip, the climber moves shorter distance at higher speed than in the classic start
when moving in the vertically direction. Thus, the Tomoa skip start is the better pattern of starting than the
classic start because it minimizes lateral displacement and leads to shorter distance and higher speed.
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Introduction

Rock climbing is one of the extreme sports that is popular because it is fun, challenging, and has high rate of
repetition. The climbers need to train their body's endurance and strength, especially the upper extremities,
because speed climbing requires the power to climb and transport the body vertically (Watts, 2004 and Quaine
and Vigouroux, 2004). The sport of rock climbing can be divided into 2 types, i.e., indoor and outdoor. There are
3 types of competitions, i.e., bouldering, lead, and speed. The bouldering and lead competitions are complex
climbing that depend on the route of climbing in competition. The level of difficulty makes the cheering team
feel excited, but it is hard to understand all routes of climbing. On the other hand, speed climbers compete on the
same route and judged on their time of climbing; therefore, speed climbing is more popular. Speed climbing is a
dynamic discipline among all climbing sports; it involves an optimization of the ascensional velocity during the
climb (Krawcezyk et al.,2017).

Speed climbing starts after a starting beep; the climbers climb as fast as they can on an internationally
standardized fifteen-meter wall consisting of 31 holds (20 hand holds and 11 foot holds), and the competition
ends by touching a touch pad to stop the timer. Whoever used the least amount of time is the winner. There are
four phases of the speed climbing route, i.e., the starting phase (from the start to the 9t hold), second phase
(from the 9™ hold to the 18" hold), third phase (from the 18" hold to the 28" hold), and end phase (from the end
of the route to touching the touchpad) (Legreneur, Rogowski and Durif, 2019). To achieve the maximum speed,
the climbers should increase their speed from the start to nearly the maximum speed as fast as they can; thus, the
starting phase is the most importance phase in speed climbing. In the starting phase, the climbers increase speed
to seventy-five to one-hundred percent of the maximum climbing speed. There are two patterns for passing the
starting phase, i.e., the classic start and the Tomoa skip. In the classic start, the climbers pass the starting phase
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by catching the 4™ hand hold. The climbers tilt the body diagonally from the 3™ to the 4™ hand hold and tilt back
from the 4™ to the 5™ hand hold using their leg for pushing in that direction (Reveret et al., 2018 and Shunko and
Kravchuk, 2020). Whereas, during the Tomoa skip, the climbers skip the 4™ hand hold by moving straight
vertically through the starting section. Mr. Tomoa Narasaki is a Japanese climbing athlete who was the first to
present the starting phase without catching the 4™ hand hold; thus, this approach is called the “Tomoa skip”
starting. The Tomoa skip pattern can significantly decrease the climbing time because the movement is
performed immediately from the 3" to the 5™ hand hold. The starting position is exactly vertical, as is the
position of the jogging leg. The direction of movement is set mainly by the hands (Shunko and Kravchuk, 2020).

Because the climbers using the Tomoa skip move shorter distance at higher speed, the Tomoa skip starting
can allow to win the game, especially in speed competition. To improve the speed of climbing, 3D kinematic
analysis can show how to start using the Tomoa skip. The 3D analysis is based on recording video from multiple
cameras. There are many 3D studies in sports, e.g., a study on the relationship between biomechanical factors
(i.e., 3D kinematic analysis and ground reaction force) and the performance of golf swing (Chu et al, 2010), a
kinematic analysis of short and long services for improving service performance in badminton players (Shen,
2014), and a kinetic analysis of backhand short serve in badminton players (Prajongjai et al, 2021). The analyzed
movement patterns are used as ideal patterns for learning. Thus, the analysis of Tomoa skip pattern can be used
to improve the starting phase and increase the speed of climbing in speed competition.

The 3D analysis method was used to analyze the movement using high-speed cameras to create a 3-
dimensional picture. At least 2 cameras should detect the target marker. This technique is very useful for
improving the performance; however, it is very difficult and expensive to analyze climbing movement; thus,
there are other variables that explain the performance of climbing such as cardiovascular performance and
physiological characteristics (Shunko, 2020). The 3D analysis is still important. A study performed in 2020 tried
to use 3D analysis with high-speed cameras to analyze the movement pattern; however, the study was performed
in a laboratory (Iguma, 2020). There are very few analyses in real rock climbing.

The purpose of this study was to analyze and compare the movement during the starting phase of fifteen-
meter speed climb between the classic start and the Tomoa skip. Ethical approval was obtained by the Institute
Ethics Review Committee for Research Involving Human Project, Thailand

Materials and Methods

One male climber (Thai national rock climber, the winner of speed climbing ASEAN university games 2022,
mass = 63 kg, height = 1.84 m) performed 6 maximal speed ascents on the official route (Fig. 1) using the
Tomoa skip (3 times) and the classic start (3 times), with 5-min rest between each climb and 10-min rest
between climbing styles. The mean ascent time for the Tomoa skip was 6.73 s, and 11.53 s for the classic start.
We selected the best trial (ascent time of the Tomoa skip = 6.68 s and of the classic start = 10.81 s) for the
analysis.

Fig. 1 The official route

3D kinematic data were captured with fourteen markers that were placed on both sides of the acromion
process, lateral epicondyle, ulnar styloid process, posterior superior iliac spine (PSIS), lateral femoral condyle,
lateral malleolus and spinous process of the 7™ cervical vertebra (C7), and the center of mass of the subject was
approximated by a marker attached to his harness, close to the middle of the pelvic ilium bones to analyze the
climbing movement (Cordier et al., 1993 and Reveret et al., 2020) (Fig. 2). The angle displacement of joints was
calculated from each of 3 markers, i.e., the shoulder angle (C7—acromion process—lateral epicondyles of the
humerus), elbow angle (acromion process—lateral epicondyles of the humerus—ulnar styloid process), hip angle
(C7-PSIS-lateral femoral condyle), and knee angle (PSIS—lateral femoral condyle—lateral malleolus).
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Fig. 2 Fourteen retro-reflective marker positions

Qualisys Track Manager (QTM) was operated at 300 Hz using eight cameras that were fixed on a 3D axis
stabilization platform to show phases of climbing movement (Fig. 3). There are 8 high-speed infrared-based
cameras (Oqus7+, Sweden) and one VDO-based camera set in front of and next to the rock route, respectively.
We considered starting phases for analyzing the movement, from the start to the middle of the first acceleration
phase (9™ hold). All cameras were set along the route and calibrated for accuracy, specifically around the 3™ to
5™ hand hold. The shortest times for the classic start and the Tomoa skip from all 3 trials for each pattern were
analyzed.

Fig. 3 Eight cameras of QTM placed in front of and next to the speed wall to show phases of climbing
movement
Results and discussion
The kinematic data for the classic start and the Tomoa skip are shown in Table 1.

Table 1. The climbing speed, climbing time and climbing distance for the classic start and the Tomoa skip

Vartable Starting Pattern Classic Start Tomoa Skip
Climbing Speed(ﬁ@\

Hold 3" to Hold 4™ ~ 1.05 -
Hold 4" to Hold 5® 0.67 -
Hold 3" to Hold 5" 1.51 2.28
Climbing Time (s)

Hold 3" to Hold 4™ 0.66 -
Hold 4" to Hold 5% 1.52 -
Hold 3" to Hold 5" 2.18 0.76
Distance (meter)

Hold 3" to Hold 4™ 0.69 -
Hold 4" to Hold 5" 1.02 -
Hold 3" to Hold 5" 3.29 1.73
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The results in Table 1 show that the climber using the classic start moved from the 3™ to 4" hand hold and
then from the 4™ to 5™ hand hold with a climbing speed of 1.05 and 0.67 m/s, climbing time of 0.66 and 1.52 s,
and distance 0.69 and 1.02 m, respectively. After calculating the values from the 3" to the 5™ hand hold, the
climber using the classic start showed the climbing speed of 1.52 m/s, climbing time of 2.18 s, and distance of
movement of 3.29 m. On the other hand, the climber using the Tomoa skip showed the climbing speed of 2.28
m/s, climbing time of 0.76 s, and distance of movement of 1.73 m.

The obtained results clearly showed that the Tomoa skip had a different movement patterns compared to the
classic start because of the different route. In the classic start, the climber tilted the body diagonally to the 4™
hand hold before tilting back to the 5" hand hold. Therefore, in the classic start, the climber needs to move for a
longer distance (approximately 1.56 m), at lower speed (0.77 m/s), and waste more time (1.42 sec) for the same
vertical distance compared to the Tomoa skip.

ANGULAR DISPLACEMENT OF LEFT SIDE IN CLASSIC START ANGULAR DISPLACEMENT OF RIGHT 5IDE IN CLASSIC START
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Fig.4 Angular displacement of the classic start

Figure 4 shows the angular displacement of both sides of the shoulder, elbow, hip, and knee joint for the
classic start; it is shown that there are 2 movement steps, i.e., movement from the 3" to the 4™ hand hold and
from the 4™ to the 5™ hand hold. The movement from the 3" to the 4™ and from the 4™ to the 5™ hand holds
depend on the left ulnar styloid process, which moved from the 3" hand hold to the 4™ hand hold and ended the
phase of movement when right ulnar styloid process moved to the 5™ hand hold.

During the movement from the 3™ to the 4™ hand hold, the left side showed a decrease in the angle of the initial
movement and then an increase in the angle at the end phase. This means that during the movement from the 3™
to the 4™ hand hold, the climber moved the hand to the body by extending the shoulder and flexing the elbow
joint, while simultaneously moving with more flexion of the hip and knee joint to the next foot hold. During the
next phase, the climber stretched the left arm to the 4™ hand hold while simultaneously stretching the left leg to
move the body to 4™ hand hold. At the same time, for the right side of the body, the climber flexed the elbow
with a slightly extended shoulder to move the hand over the head to prepare to catch the 5™ hand hold while
simultaneously performing the right hip and knee extension movement.

To move from the 4™ to 5™ hand hold, the left side performed an extension movement of the shoulder and
changed the elbow angle compared to the left hip and knee, which performed an extension movement to kick the
foot hold to send the body to the 5™ hand hold and return to the extension movement. Simultaneously with the
right side, shoulder angle showed an extension movement with elbow flexion. The elbow angle showed an
extension movement at the initial phase, and then the elbow extended to catch the 5™ hand hold.

ANGULAR DISPLACEMENT OF LEFT SIDE IN TOMOA SKIP ANGULAR DISPLACEMENT OF RIGHT SIDE IN TOMOA SKIP
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Fig. 5 Angular displacement during the Tomoa skip
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Figure 5 shows that the Tomoa skip had only one phase of movement, i.c., movement from the 3™ to the 5"
hand hold. The angular displacement of the shoulder, elbow, hip, and knee showed a smooth movement pattern.
The left shoulder showed a slight flexion movement, whereas the elbow angle showed an extension and then
flexion in the late phase. Simultaneously, the hip and knee angle showed a flexion movement followed by
extension in the late phase. The right shoulder angle showed a slight flexion movement, whereas the elbow angle
showed flexion in the middle phase followed by quick extension and return to flexion in the late phase.
Simultaneously, the hip and knee angle showed an extension movement followed by flexion in the late phase.

The obtained results showed that using the Tomoa skip, the climber moved from the 3" to the 5™ hand hold
by stretching both sides of the upper and lower limbs, which straightens the body and moves it vertically by
extending the hip and knee, while the elbow and shoulder joints perform flexion movements in addition to the
jogging leg followed by extension to stretch the body for skipping the 4™ hand hold and going straight vertically
through the initial phase (Fig. 5). Development in the speed climbing is represented by the Tomoa skip starting
pattern, which is characterized by the starting position being exactly vertical to minimize lateral displacement to
increase fluency and maintain high velocity levels along the acceleration phases. Therefore, the climber using the
Tomoa skip moves for a shorter distance during the starting phase with faster climbing speeds than during the
classic start.

Conclusions

The classic start is a traditional pattern in speed climbing, whereas the Tomoa skip is a new pattern that
improves climbing speed, which is useful for speed climbing competition. This study shows that the Tomoa skip
requires less time for climbing, i.e., the movement from the 3™ to the 5™ hand hold required 1.42 s. Therefore,
the Tomoa skip start is a more effective pattern than the classic start because the Tomoa skip minimizes lateral
displacement, which results in shorter distance and higher movement speed. The obtained results showed that the
climber using the Tomoa skip moves vertically by ejecting the body from the 3™ to the 5" hand hold, by
extending the left hip and knee joint, which simultaneously flexing the right hip and knee joint and sending both
arms to reach the 5™ hand hold. Therefore, the Tomoa skip can increase the chances of winning in a speed
climbing competition. This case presentation is an in-depth analysis that shows how the climbers move their
limbs to send their body vertically. There are still additional questions that need to be answered. Specifically, is
there coordination between upper and lower limbs to achieve effective climbing with shorter movement time?
Are there any factors that improve the performance of the Tomoa skip?
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