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ABSTRACT
Rock climbing as a sport and leisure activity has grown exponentially in
popularity in recent years. Claims of best technique for rock climbing have been made in
guide books, but are unsubstantiated. Specific upper body characteristics, determinants of
climbing skill, and injury prevalence have been evaluated, but research examining
climbing-specific movements has remained largely unexamined. The purpose of this
study was to determine the angular kinematics and center of mass (COM) characteristics
of the two-handed dynamic climbing maneuver (dyno). Participants received three
attempts to complete a dyno on a 15° overhanging bouldering wall (EPIC Adventures)
that were recorded via camcorder (Fastek Imaging; 30hz). MaxTRAQ software (v.
2.9.1.5; Innovision Systems) was used to digitize data and determine sagittal joint angles,
joint velocities, COM displacement, and COM velocities during the initial, takeoff, and
catch phases of movement. Due to upper body movement occurring in the frontal and
transverse planes during trials, analysis of the shoulder and elbow were excluded.
Between groups exploratory analysis conducted via independent samples t-tests revealed
significant differences in COM vertical velocity between successful and unsuccessful
females at takeoff. No significant differences were found in COM displacement, joint
angles, or joint angular velocities of the lower body, although a clear sex effect was
noticed between groups. These findings support the limited association between
anthropometrics and climbing performance, and highlight the contribution of the lower
body during the dyno. A lack of consistent technique between subjects highlights the
complexity of the dyno, and necessitates three-dimensional analysis for dynamic
climbing maneuvers in future research.
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Chapter 1
Introduction
Rock climbing, as both an internationally recognized sport and as a leisure
activity, has increased exponentially in popularity over the past half century, with over
7.7 million recreational participants reported in the United States during 2018 (Outdoor
Participation Report, 2019). Indoor climbing continues to steadily grow as well, with the
Climbing Wall Association reporting an average of 100 new members per month at each
facility during 2017 (American Alpine Club, 2018). The sport of rock climbing is also
slated for inclusion in the 2020 Olympic games in Tokyo (Corrigan, 2015), highlighting
its global rise in popularity.
The unique aspects of the sport that have created an increase in rock climbing’s
popularity include variable climbing types, climbing techniques, climbing length, and the
location of the climb (Magiera & Roczniok, 2013). One facet of climbing that makes it so
popular is the diversity among climbing modalities, such as bouldering, free soloing, lead
climbing, traditional climbing, and top roping. The majority of research has examined top
roping, bouldering, and lead climbing. Furthermore, climbing is one of the few activities
that primarily focuses on the upper body generating force in a vertical motion (Quaine &
Martin, 1999).
Kinetic analysis has suggested that there is a relationship between muscular
strength, muscular endurance, and rate of force production on climbing skill, with limited
application due to the lack of sport-specificity in study design (Balas et al., 2012;
Vigouroux & Quaine, 2006; Watts, Jensen, Gannon, et al., 2008). Balas and colleagues
(2012) found that hand-arm strength and endurance (consisting of grip strength, bent-arm

hang, and finger hang tests) positively correlated with climbing skill. Vigouroux and
Quaine (2006) determined that climbers showed a slower rate of neuromuscular fatigue
during a prolonged finger grip exercise compared to a non-climbing sedentary control. In
sum, research examining the kinetic variables associated with rock climbing has been
thorough, but the kinematics and technique required to successfully complete specific
movements have thus far been absent.
Rate of force production often varies between climbing types, with slower, more
controlled movements utilized during free soloing and traditional climbing, and faster,
more powerful movements utilized during bouldering and lead climbing. One dynamic
movement of considerable interest in the climbing community is the dynamic maneuver
(dyno). There are different types of dynos, all requiring an explosive, powerful
movement upwards to reach a hold that would otherwise be out of reach due to the lack
of hand and footholds available on a route. Of those, the two-handed dyno requires the
climber to jump vertically and remove all contact points from the wall while reaching for
a hold that would otherwise be unattainable with both hands. In effect, the dyno is a jump
or leap from one starting set of holds to the next set of holds along a given route.
Research on proper technique and coordination for the dyno has thus far been absent.
It is unsurprising that little research has been conducted examining the dyno,
given its unique movement pattern. Unlike conventional triple extension activities such as
a squat or countermovement jump, the dyno also relies on shoulder abductors, elbow
flexors, and finger flexors to generate force rapidly in the vertical plane (Giles et al.,
2006; Watts, 2004). Any attempted dyno still requires the extension of the hip, knee, and
ankle commonly seen in triple extension activities to generate force vertically (Bobbert &
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van Ingen Schenau, 1988). It could therefore be posited that a dyno should at least have
similar lower body coordination characteristics as a vertical jump.
Several guide books and climbing articles stress the importance of the use of the
lower body while climbing to mitigate the fatigue that occurs from a predominantly
upper-body-based activity (Arthur, 2015; Casciola, 2015; Green, 2015; Green, 2017;
Sheldon, 2014). This acknowledgement highlights the total body nature of the sport, but
little research has been done to quantify the extent to which the upper and lower body
contribute to a given climbing-specific task.
In one of the few studies to examine technique associated with a bouldering
maneuver, Fuss and Niegl (2010) examined the optimal distance that should be traveled
to complete a two-handed dyno. Contrary to the popularly held belief that climbers need
to ‘stick’ the dyno at the ‘deadpoint’ (i.e., make contact with the finishing hold at peak
flight), it was determined that the most successful technique involves attempting to jump
past the intended hold, while making contact with the hold as quickly as possible. While
the study design deserves merit for examining an actual climbing movement that could
potentially reduce injury prevalence utilizing improved technique, the protocol did not
measure joint kinematics during the attempts, which would be necessary to evaluate
optimal coordination and technique for the dyno.
There has been some debate in the climbing community in regard to how high the
feet should be relative to the climber’s hands prior to an attempted dyno. Some
instructional guides have the climbers bring their feet up as high as possible, effectively
shortening the distance the center of mass (COM) has to travel vertically (Burbach, 2005;
Green & Spencer-Green, 2010; Whitehead, 2015). Other articles highlight the need for
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experimentation for everyone to find their ideal foot placement (Bensman, 1999; Griffith,
2016). Phillips and Jensen (2016) conducted research to address ideal foot positioning
and found that it is more advantageous to have a greater distance (104 cm compared to 61
cm) between the starting handhold and the climber’s feet than would be reported in most
climbing guides. Given the complex nature of the movement, there is a high likelihood of
personal preferential selection that occurs when selecting ideal foothold height.
While examining foothold optimization, Phillips and Jensen (2016) also found no
significant differences between one-handed dynos that utilized a squat jump, and dynos
that utilized a rocking, countermovement prior to flight. This finding contrasts with the
large body of literature focusing on plyometric activities, with a countermovement jump
resulting in a greater vertical displacement than a squat jump (Bobbert et al., 1996; Komi
& Bosco, 1978; Radenkovic & Stankovic, 2012;). However, a dyno requires holistic
coordination of the entire body, and could utilize a unique coordination pattern compared
to a predominantly lower-body-derived jumping movement. No research has been
conducted to examine the upper and lower body kinematics between successful and
unsuccessful dynos to date.
Regardless of climbing modality, a substantial amount of research has examined
mechanisms of injury and injury prevalence among climbers, with high rates of overuse
injuries reported throughout all skill levels (Backe et al., 2009; Bollen, 1990; Bollen &
Gunson, 1990; Cole, 1990; Maitland; 1992; Wyatt et al., 1996). It does appear that
climbers with more experience tend to push their limits and climb at or approaching their
maximum difficulty more so than novice climbers, resulting in higher incidences of
injury (Wright et al., 2001). The recurring theme throughout rock climbing-related
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literature has been the prevalence of injury to the upper extremity, specifically, injury to
the fingers and shoulder girdle.
Purpose of the Study
Due to its unique movement pattern, it is unsurprising that conclusive evidence
for ideal technique for the dyno has yet to be published. Guidebooks and published
technical articles aimed at instructing the rock-climbing population are heavily anecdotal
and do not have scientific rigor to support the claims of best techniques, especially for a
skillful maneuver like the dyno. With several studies examining the prevalence of upperbody injuries in rock climbers, as well as muscular contributions to force development
during climbing, there is a lack of kinematic analysis of common dynamic movements
seen in rock climbing. To evaluate the proper technique and kinematic sequencing
needed to successfully complete a dynamic maneuver, the purpose of this exploratory
study was to determine if there is a significant kinematic difference between successful
and unsuccessful dynos.
Null Hypotheses
There will be no significant difference between the joint angles and velocities of
the ankle, knee, hip, shoulder, or elbow between successful and unsuccessful dynos.
There will be no significant difference between the displacement and velocity of
the COM during successful and unsuccessful dynos.

5

Operational Definitions
Belayer: A rock climber’s partner whose responsibility is to create enough friction
at the opposite end of a climbing rope as it is passed through an anchor to arrest the active
climber in the event of a fall.
Dyno: A two-handed maneuver where all four contact points leave the wall
simultaneously, and the final hold is grasped with two hands.
Initial Upward Movement: Characterized by the lowest point that the COM
reaches immediately prior to leaving the starting holds.
Takeoff: The first point at which all four contact points (both hands, both feet) no
longer contact the starting holds.
Catch: The point at which both hands touch the final hold during a completed
attempt. For unsuccessful trials, the point at which both hands contact either the finishing
hold, or the climbing wall.
On-sight: The hardest route a climber can complete on their first attempt, without
any prior experience or knowledge about the route.
Red point: The hardest route a climber can complete that has required multiple
attempts.
Deadpoint: A controlled dynamic maneuver where the climber drastically shifts
their COM towards the intended hold, as they try to contact the final hold at the apex of
their momentum, typically with one hand while the other three points of contact are
maintained.
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Delimitations, Limitations, and Assumptions
Participants were limited to those who were free of musculoskeletal injuries for at
least the past six months, and those who had at least 12 months of climbing experience
prior to participation in the study. Furthermore, participants must have been between the
ages of 18 and 50 years to participate. The study design was delimited to a dynamic
bouldering maneuver on a climbing apparatus to control for confounding variables such
as fall risk or participant anxiety.
Climbing routes are innately random, and perceived difficulty and preferential
technique can vary from person to person. Therefore, the novel design of the study was
strictly adhered to, operating under the assumption that any learning effect will equally
affect participants. It was also assumed that participants were honest when completing
surveys and self-assessments, and that participants adhered to pre-test procedures prior to
participation in the study.
Significance of Study
A greater understanding of the ideal kinematics during a two-handed dyno would
allow for focused training techniques to increase performance, and preventative methods
to limit climbing-related injury while bouldering. This research would also assist in
progressing the general knowledge of the field of kinematics.
Summary
With a variety of climbing modalities, rock climbing is constantly increasing in
popularity. Although research has been conducted examining anthropometrics,
physiological factors, and upper body strength and endurance as predictors of climbing
success, there is an absence in research examining the kinematics of a dynamic
7

bouldering maneuver, specifically, the kinematic sequencing and technique associated
with the dyno. Therefore, it was the purpose of this study to determine if a significant
kinematic difference exists between successful and unsuccessful dynos.
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Chapter 2
Review of Literature
Introduction to Rock Climbing
In the past century, there has been a spike in the popularity of rock climbing as a
sport, either competitively or recreationally, with over 7.7 million participants in the
United States in 2018 alone (Outdoor Participation Report, 2019). The increase in rock
climbing popularity has resulted in the expansion of research examining the
physiological, psychological, and biomechanical aspects that affect various forms of
climbing and varying characteristics of climbers. This review of literature will examine
various climbing modalities and determinants of climbing skill including variables that
allow for certain climbers to ascend a route while others cannot, providing context for the
research question.
Climbing Modalities
Rock climbing encompasses several modalities that place different physiological
pressures on the climber and require different abilities from participants. Top-roping
requires a rope to be passed through an anchor system at the top of a single pitch route,
and allows for a belayer to remove all slack in the climbing system, creating the greatest
sense of security among all the climbing modalities (Draper et al., 2010). When the
climber needs to rest on a given route, they simply hang freely from the rope attached to
their waist harness, allowing ample time for rest and route problem-solving. Bouldering
is characterized by relatively short routes close to the ground that do not require rope or
protection, and typically relies upon dynamic, strength-based movement patterns (Leong,
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2009). A landing pad and a spotter are often used to protect the climber from injuries
while bouldering.
Lead climbing requires the climber to clip into protective pieces of equipment on
the climbing surface as they climb upwards. The lead climber ties a rope to their harness
and drags the rope up the route with them while being belayed, clipping into protective
anchors as they climb to mitigate the distance of a fall if it were to occur. Lead climbing
can be further subdivided into two categories: sport climbing and traditional or ‘trad’
climbing. Sport climbing requires the climber to clip into pre-placed protection as they
climb upwards, oftentimes relying upon dynamic ability to complete a route.
Similar to sport climbing, trad climbing requires the climber to clip into
protection as they climb upwards. However, unlike sport climbing where protective gear
(such as bolted carabiners) is already permanently fixed on a route, trad climbing requires
the climber to place protective gear in the cracks or pockets on the climbing wall as they
climb. Both permanent and temporarily placed protective gear are designed to offset the
dynamic force if a fall is to occur, suspending the climber from the point of placement.
The difference lies in the fact that temporarily placed gear is removable, avoiding
permanently altering the rock wall.
Trad climbing therefore requires a greater understanding of gravitational force
and its effects on temporarily placed gear, as well as the technical climbing expertise
necessary to complete the route, while placing temporary protection (Martha et al., 2009).
Lead climbing has also been suggested to be more mentally demanding than top rope
climbing due to the perceived stress of not having an immediate safety rope (Draper et
al., 2010). Free soloing is similar in style to both trad and sport climbing, but on a greater
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scale. Climbers who free solo do so without any way to arrest a fall. Free soloing is
considered to be the most dangerous climbing method due to a lack of protection and the
high psychological pressure placed on the climber. Oftentimes mistakes while free
soloing result in fatality (Roth, 2012).
The growing body of literature examining rock climbing has heavily focused on
male climbers, even though the activity itself is not male-dominant (American Alpine
Club, 2018; Outdoor Participation Report, 2019). Research examining participation
demographics among rock climbers determined the gender split for all rock climbing was
58% male, 42% female. The researchers do acknowledge that the gender discrepancy
increases for outdoors-only climbing, where men outnumber women two to one.
Regardless, the growing popularity of the sport for both men and women necessitates an
increase in research examining both sexes.
Due to popularity and ease of controllability, the majority of research on rock
climbing has focused on bouldering, top roping, and to some extent lead climbing. The
proposed study utilized an indoor bouldering modality, described further in detail in
chapter three.

Climbing Style
Climbing style is another distinctive way that rock climbing can be separated,
being categorized as either static or dynamic in nature. Historically, alpine
mountaineering was the catalyst for modern day rock climbing, where an emphasis is
placed on slow, methodical movement to mitigate risk during ascension on exposed
ridgelines or mountain peaks (Mountaineers, 1997). Traditionally while rock climbing, it
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is considered best practice to maintain at least three points of contact with the climbing
surface in order to mitigate the risk of falling (Burbach, 2005; Gill, 1969), as is the case
with static climbing. A static climbing style is often seen in top roping, trad climbing, or
free soloing, but is not an uncommon practice in more dynamic climbing modalities like
bouldering or sport climbing, where personal preference could dictate climbing style
(Gill, 1969; Sibella et al., 2007). Furthermore, specific climbing routes may require the
climber to maintain their COM over a very small base of support in an awkward position,
necessitating a slower, more controlled climbing cadence to avoid losing balance and
falling off the wall.
Conversely, climbing modalities like bouldering or sport climbing may have
inherent maneuvers that require a more dynamic movement, where three points of contact
with the wall cannot be maintained. These dynamic movements typically comprise the
crux of a given route, as they are often the hardest technical portion of a given climb. Not
all dynamic movements require full release from the climbing surface, as a dramatic
weight shift from one hold to another causes a major change to the climber’s COM.
Dynamic movements can include deadpoints as well as dynamic maneuvers (dynos). A
deadpoint consists of a climber grabbing one hold at the apex of their movement, while
maintaining contact with the wall with either their feet or the other hand. In essence, it
requires a greater level of commitment from the climber than a static climbing
movement, as the COM has dramatically shifted. In contrast, a dyno consists of a climber
removing all four points of contact as they effectively jump towards their next hold,
utilizing momentum to grab an otherwise unattainable hold while achieving flight. A
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dyno can result in the climber grabbing the desired hold with one hand or two, with most
research on the topic utilizing the two-handed dyno technique.
Climbing Skill
Performance in rock climbing is predicated upon climbing grades to indicate a
rock climber’s ability (Giles et al., 2006). Rock climbing skill is evaluated using
subjective rating scales to determine the difficulty of the route being attempted
(Delignieres et al., 1993). In the United States, the most common rating systems are the
Yosemite Decimal System (YDS), and the Hueco Bouldering V-Scale. The subjectivity
of climbing grades is further muddied when climber biometrics are considered as factors.
Climbers may face physiological constraints that could put them at an advantage or
disadvantage relative to other climbers (i.e., height, arm span differences), affecting their
assessment of the climbing grade. Generally, as the difficulty of the climb increases, the
amount of skill required to complete the route increases as well (Balas et al., 2012; Grant
et al., 1996; Magiera & Roczniok, 2013). For instance, a 5.6 YDS lead route would not
have a dynamic maneuver in the route, but a 5.13 YDS very well could. An issue with
examining differences in climbing ability in research comes in the variation in describing
the climbing level of participants.
Several studies have examined ‘novice’ or ‘elite’ rock climbers but have all had
differences as to what climbing level should denote a specific ability group such as a
‘novice’ or ‘elite’ rock climber. One study defined elite as being able to on-sight climb a
5.13c+ (Draper et al., 2009) on the YDS, while other studies have considered an elite
rock climber to be able to lead between a 5.10 and 5.14d on the YDS (Grant et al., 1996),
or on-sight lead a 5.11 or better (Reynolds, 1995).
13

To address this issue, one study conferred with over 40 expert climbers and
researchers utilizing the Delphi technique in order to develop male and female-specific
tables that describe climbing ability relative to the grade an individual is capable of
climbing (Draper, Canalejo, et al., 2011). The results indicate that climbers’ ability can be
divided into five categories (see Appendix A, Appendix B): for males; Lower Grade
(Level 1; consisting of 5.1-5.9 YDS), Intermediate (Level 2; consisting of 5.10a-5.11d
YDS), Advanced (Level 3; 5.12a-5.13b YDS), Elite (Level 4; 5.13c-5.14c YDS), and
Higher Elite (Level 5; 5.14d-5.15c YDS). According to this scale, the three previous
definitions for ‘elite’ climbers listed above would fall under Elite, Intermediate to Higher
Elite, and Intermediate, respectively (Draper et al., 2009; Draper, Canalejo, et al., 2011;
Grant et al., 1996; Reynolds, 1995). These variations in distinguishing climber skill make
it difficult to suggest that certain anthropometric traits, strength, or any other given
criteria, for that matter, give some climbers distinct advantages over other climbers.
Self-assessment of ability has been validated in a variety of settings, for example
in generalized populations and their ability to self-assess fitness scores (Jones et al.,
2007), as well as high-risk sport populations, where self-assessed ability in skiers and
snowboards has been validated (Sulheim et al., 2007). Some issues arise when utilizing
self-assessment, as individual variation among participants can occur. Variation in
previous literature has been speculated to be caused by loosely defined terminology or by
lack of clarification from researchers. Rock climbing ability self-assessment has been
validated for on-sight lead climbs (Draper, Dickson, et al., 2011), and was utilized for
group placement of participants in the proposed study.
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Determinants of Climbing Skill
Rock climbing movements are inherently multifaceted and require an array of
grip techniques, foot placements, and various body positioning techniques for an
individual to complete a desired route. Rock climbers also need to have adequate
muscular strength and endurance to complete a climb, and in some cases, sufficient
experience to know how to position the body to complete a movement without losing
their balance. Due to the complexity of rock climbing, a better understanding of factors
that contribute to climbing skill and performance is warranted.
Anthropometry
It has been hypothesized that anthropometrics can be used as an estimate of
climbing performance (Draper et al., 2009; Mermier et al., 2000; Tomaszewski et al.,
2011; Watts et al., 1993). An ectomorphic physique has been suggested as typical for
elite level rock climbers (Watts et al., 1993), but other studies have found that only
endomorphic anthropometry is negatively correlated with climbing performance (Puletic
& Stankovic, 2014; Tomaszewski et al., 2011). Small stature as well as generally high
grip strength-to-bodyweight ratio and ape indices (a ratio of an individual’s arm span
relative to their height) are also characteristics of elite rock climbers (Booth et al., 1999;
Grant et al., 1996; Mermier et al., 2000; Tomaszewski et al., 2011; Watts et al., 1993). It
could therefore be posited that if a rock climber has less overall mass to carry up a route
relative to their strength, the efficiency in completing the task should increase, allowing
the individual to climb at a higher difficulty for a longer duration before the onset of
fatigue occurs.
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Further analysis of anthropometric tendencies of rock climbers suggests that elite
rock climbers tend to have low body fat percentages regardless of sex: less than seven
percent body fat for men, less than 15% for women (Booth et al., 1999, Mermier et al.,
2000; Watts et al., 1993). Contrary to the values listed, one study found that elite male
rock climbers had body fat percentages averaging 14%, but the variation could likely be
explained by the expanded definition of ‘elite’ rock climber, which included participants
able to on-sight a 5.10 route (Grant et al., 1996).
Furthermore, another study found that a climbing population compared to a
sedentary population did not exhibit significant differences in body fat percentage, body
mass index (BMI), height, or weight (Tomaszewski et al., 2011). Variation among the
studies could be due to subject variety or a lack of cohesion in the methodology used to
assess body fat. The conflicting research may therefore suggest that the anthropometric
tendencies discussed above do not necessarily predict climber success, but rather that
specific anthropometrics may be beneficial for climbers to possess in order to further
climbing-related skill.
Psychological Factors
Rock climbing not only places physiological stresses on climbers, but
psychological pressures as well due to the inherent danger involved with the sport.
Evidence from previous research indicated that when participants lead-climb two grades
lower than their limit, cognitive anxiety significantly decreases (Hardy & Hutchinson,
2007). Interestingly, the results also suggest that an increase in cognitive anxiety was
complemented with an increase in effort, which might have improved performance.
Subsequent attempts of a specific route showed decreases in cognitive anxiety as well,
16

likely due to a learning effect as the participant becomes more comfortable with the
route. These results have been corroborated by the work of Draper and colleagues (2008),
who determined that somatic and cognitive anxiety scores were higher during an on-sight
lead climb than during a subsequent lead climb. Taken in summation, it appears that
psychological responses to climbing only occur when the fear of falling from the route is
plausible. Furthermore, in order to elicit a psychological response that can affect
performance, participants would have to climb at near-maximal difficulty.
Learning Effect
Research in other fields has highlighted the importance of training age and its
effect on sport-specific ability (Fousekis et al., 2010; Platanou & Botonis, 2010).
Similarly, reported climbing experience show trends that more experienced climbers (in
terms of years spent climbing) tend to have higher climbing performance scores (Balas et
al., 2012; Bertuzzi et al., 2007; Young et al., 2014). Whether this trend is due to
physiological factors such as the development of pulley tendon strength in the fingers, or
neurological adaptations from years spent climbing can currently only be speculated
upon.
Research has suggested that route preview significantly benefits expert climbers
(characterized as having climbed 15 or more hours per week) more than inexperienced
climbers (zero climbing experience) in terms of recognizing and utilizing a climbing hold
economically (Boschker et al., 2002). In a study conducted examining route preview
before indoor sport climbing, it was determined that there was no significant difference
between various skill levels (intermediate, advanced, and expert climbers) on climbing
performance characterized by the ability to complete a given route (Sanchez et al., 2012).
17

It was noted, however, that route preview led to a more fluid climb in the advanced
groups. Route preview consisted solely of visual inspection, which is a common
occurrence for any climbing modality when completing the initial climb of a route
(commonly referred to as an ‘on-sight’ climb). Completion of subsequent climbing
attempts is referred to as a ‘redpoint’ climb. Logically, the added sensory information
received from previous attempts would likely aid in removing any learning effect
required to climb the route successfully during subsequent attempts. The proposed study
attempted to remove learning effects as a confounding variable from the study design and
focused solely on kinematics during rock climbing.
Physiological Factors
Climbing Metabolism
The exact contribution of metabolic pathways in regard to rock climbing has been
examined, with varied results in large part due to the variety of climbing modalities
studied (Bertuzzi et al., 2007; Booth et al., 1999; Billat et al., 1995; Mermier et al., 1997;
Watts et al., 2000). Rock climbing is an amalgamation of the aerobic, anaerobic, and
alactic anaerobic energy systems. Bertuzzi and colleagues (2007) found that regardless of
skill level, climbers relied predominantly on aerobic and alactic anaerobic systems to
complete a climb. It is common practice for climbers to utilize resting points along a
route to reduce localized fatigue, utilizing the aerobic energy system to clear built up
lactate caused from anaerobic glycolysis at higher intensities (Bertuzzi et al., 2007; Booth
et al., 1999). In order for lactate to be cleared effectively, oxygenated blood needs to be
present. An issue arises in climbers when attempting to clear lactate and other byproducts
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of metabolism, as climbing involves intermittent isometric contractions of the finger
flexors.
Depending on intensity, isometric contractions of muscles have been suggested to
cause impairment of blood flow due to an increase in intramuscular pressure (Sejersted et
al., 1984), which can cause localized accrual of metabolic byproducts, such as lactate or
unbound protons (Barnes, 1980; Martin et al., 2006). Generally, increases in metabolic
byproducts negatively affect muscular performance. For instance, the resulting acidosis
generated from an excess of unbound protons in the intramuscular cellular matrix has
been shown to impede sustained submaximal force output, likely by inhibiting the
excitation of the sarcoplasmic reticulum (Sahlin & Ren, 1989). The closer to maximal
voluntary contraction (MVC) an individual gets, the more vascular occlusion occurs,
resulting in limited blood flow to the affected area of the body, and greater increases in
metabolic byproducts (a sensation commonly referred to in climbing as ‘pumped’
forearms).
Research conducted by Ferguson & Brown (1997) examining vascular
conductance responses in trained rock climbers and untrained sedentary subjects found
that trained climbers showed greater blood flow than an untrained sedentary control.
These results were corroborated by Philippe et al. (2012), who found localized muscle reoxygenation was faster in climbers than non-climbers, without noticeable sex-specific
differences. A matched activity level control of non-climbers in future research would
allow for a better understanding of climbing-specific training effects on vascular
conductance.
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The difficulty of a climb also appears to affect lactate production, as Mermier and
colleagues (1997) determined that as climbing difficulty increases, greater amounts of
lactate are produced. Lactate is a metabolic substrate that is used as a marker of muscular
fatigue, as it is an easily identifiable and measurable biomarker for homeostasis in the
body (Lindinger et al., 2006; Todd, 2014). As localized accrual of lactate occurs, a
concomitant increase in positively charged hydrogen ions occurs, decreasing the
contractility of the sarcoplasmic reticulum, and decreasing performance (Fuchs et al.,
1970; Hermansen, 1981). In climbers specifically, Watts and colleagues (1996) found a
significant correlation (r = 0.76) between decreases in handgrip strength and post-climb
blood lactate and decreases in handgrip strength, highlighting the viability of blood
lactate as a measure of peripheral fatigue.
Interestingly, participants in the study conducted by Mermier et al. (1997)
reported experiencing fatigue in the forearms but not in the lower body during the
moderate and difficult climbs, suggesting a reliance on the upper body for force
production. Furthermore, it is possible that at higher intensities or longer climbs, rock
climbers cease to work aerobically, and primarily rely on anaerobic glycolysis to fuel
activity, using aerobic metabolism to clear lactate. With regard to a dyno, the location of
the maneuver during the route would likely play a large role in success rate. For instance,
if the dyno is one of the first few moves during the route, metabolic byproducts have not
accrued to the point of limiting performance. If, however, the dyno is the final move
needed to complete an exceptionally long route, it stands to reason that climbing
performance would be negatively affected by metabolic byproduct accrual as the climber
relies on anaerobic glycolysis to fuel activity.
20

Muscular Strength & Endurance
Rock climbing relies upon the upper body to generate force in a vertical motion
over a sustained period of time, suggesting a greater demand for muscular strength and
endurance in the upper extremities. Absolute strength, specifically during a hand grip
dynamometry test, has not been shown to have a significant correlation with climbing
ability, but when examined relative to climber body weight, hand grip strength in rock
climbers has been shown to differ significantly from a control group (Watts & Jensen,
2003). In a comparison of semi-finalists and finalists of a sport climbing competition,
Watts and colleagues (1993) found finalists had higher relative hand grip strength values,
suggesting variation among climbers of different skill levels. Caution should be used
when using hand grip strength as a predictor of climbing ability, in part due to
unaccounted variables such as grip technique or finger hold depth on a given route (Amca
et al., 2012), but also due to the lack of sport specificity of hand grip dynamometry
(Watts, Jensen, Gannon, et al., 2008).
To examine sport-specific measures of muscular strength and endurance, Balas
and colleagues (2012) employed a bent-arm hang and finger hang testing battery to
evaluate predictors of climbing success in males and females. Both tests consisted of a
timed isometric hold using an overhand grip on a 2.5 cm wide board, with the key
variation being fully extended elbows for the finger hang, and a held pull-up position
with the chin above the bar for the bent arm hang. Given the protocol description, the
finger hang is designed to examine the muscular endurance of the finger flexors, while
the bent arm hang is designed to examine shoulder girdle muscular endurance.
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Both finger hangs (males, R = 0.76; females, R = 0.66) and bent arm hangs
2

2

positively correlated with climbing ability (males, R = 0.49; females, R = 0.64). By
2

2

comparison, relative grip strength showed lower coefficients of determination than either
finger hangs or bent arm hangs (males, R = 0.30; females R = 0.57). The high
2

2

coefficients of determination suggest that the finger hang and bent arm hang are more
accurate predictors of climbing ability than hand grip dynamometry (Balas et al., 2012).
Similarly, another study utilizing the bent arm hang found elite climbers to be
significantly better at the test than either recreational climbers or non-climbers (Grant et
al., 1996). MacKenzie and colleagues (2020) further corroborated the bent-arm hang test,
reporting high performance correlation statistics for both men and women (males, r =
0.731; females r = 0.742). Taken together, it appears that more advanced climbers tend to
have higher finger flexor, elbow flexor, and shoulder girdle endurance.
Variation in climbing-specific strength among different modalities has been
reported, with boulderers producing greater amounts of finger flexor force than lead
climbers (Fanchini et al., 2013). Furthermore, boulderers exhibited faster rates of force
production than lead climbers, suggesting that bouldering is a modality that requires
dynamic, rapid contractions in order to develop enough force to maintain friction with a
hold. Participants in the study were required to complete a climbing-specific rapid
isometric MVC. The rapid, dynamic nature of the study protocol is typical of the
climbing style seen in bouldering, with specific attention paid to the dyno. Climbingspecific strength characteristics between climbing modalities lends credence to the idea
that there is a trained response to whether or not an individual could complete a dyno.
Similar research conducted by Leong (2009) determined boulderers exhibited greater
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strength characteristics than sport climbers, but the research design employed for this
study was not entirely sport-specific, and results should therefore be evaluated cautiously.

Upper Body Electromyography
Rock climbing has the unique characteristic of generating force predominantly
with the upper body (Quaine & Martin, 1999). Several studies have been conducted
examining muscular activity during climbing-related tasks in an attempt to discern the
nature of muscular activity in the upper body during climbing (Boccia et al., 2015;
Deyhle et al., 2015; Koukoubis et al., 1995; Vigouroux & Quaine, 2006; Watts, Jensen,
Agena, et al., 2008). A study of particular interest was conducted by Deyhle and
colleagues (2015) examining muscular activity of four muscle groups during a climbing
sequence following pre-fatiguing isometric contractions. The results of the repeated
measures design suggest that advanced climbers predominantly activate the finger flexors
the most while climbing, followed by the elbow flexors, while the other two variables
examined (shoulder adductors, lumbar flexors) were not significantly different from a
non-fatigued control condition. To date, this is the only study to examine muscular
activity of participants while completing an actual climbing sequence. Further
examination of climbing-specific muscular activation between climbers of varying
abilities and sexes is warranted.
Other studies have examined climbing-related movements (such as pull ups, or
intermittent isometric finger hangs), but such studies have lacked sport specificity.
Nonetheless, these studies can still be of use to the climbing community from a holistic
standpoint. Koukoubis and colleagues (1995) examined the electromyography (EMG) of
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the flexor digitorum superficialis (FD), brachioradialis (BR) and biceps brachii (BB)
during the hang, pull-up, and lowering phases of a pull-up in what they termed
‘accomplished’ climbers. The FD and BR showed the greatest activation during the pullup, with BR being most active during the pull-up phase and FD being active throughout
the movement. Due to the complexity of rock climbing, pull-up analysis lacks
application, but considering the results of other studies, the finger flexors appear to have
the greatest activation during a climbing activity, followed by the elbow flexors.
Vigouroux & Quaine (2006) examined the muscular activity of FD and flexor
digitorum profundus (FDP) during intermittent isometric holds on a finger-grip apparatus
between elite level climbers and non-climbers using EMG. It comes as no surprise that
the finger force values exhibited in the study were significantly greater for elite climbers.
Neuromuscular fatigue rates of the elite climbers were reported as 2.5 times slower than
non-climbers, which the authors posited was due to greater vascular conductance or
possibly a greater contribution of type I muscle fibers. As mentioned previously, vascular
re-oxygenation does differ significantly between climbers and non-climbers (Ferguson &
Brown, 2007; Philippe et al., 2012), supporting Vigouroux & Quaine’s (2006) theory.
However, it is still unclear whether neuromuscular fatigue rates differ between climbers
of varying climbing abilities.

Climbing Kinematics
During rock climbing, a climber’s COM will often fall outside of the base of
support of the lower body (Low, 2005; Noé, et al., 2001; Quaine and Martin, 1999),
creating a bodyweight moment that has to be counterbalanced by the force applied to the
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handholds and footholds to create equilibrium and keep the climber from falling off the
wall (Low, 2005; Quaine & Martin, 1999; Quaine et al., 1997). The bodyweight moment
exhibited on the climber increases during an overhanging route (Noé et al., 2001; Watts
& Drobish, 1998), increasing the postural demand of the upper body to maintain contact
with the wall.
Due to the finite base of support that a climber has to operate within, optimization
of movement is essential, especially when the movement becomes dynamic. A study
conducted by Zampagni and colleagues (2011) found that climbers tended to extend their
COM further away from the climbing surface compared to a non-climbing control group
during a regular climbing sequence, highlighting a learned technique utilized to preserve
energy and work efficiently during a climb, while possibly sacrificing relative stability.
This technique is highlighted in several guidebooks (Bensman, 1999; Burbach, 2005;
Green & Spencer-Green, 2010) that recommend a climber relies on fully extended arms
and shoulders as much as possible to mitigate fatigue, while also flexing at the knee, hip,
and ankle as much as possible to maintain a deep squat position, lowering the COM,
while trying to reduce the distance from the wall.
The majority of the research investigating kinematics in rock climbing focuses
primarily on postural demand, or small, isolated prehensile movements in either static
positions, or in controlled, slow movement patterns. A novel study conducted by
Asakawa & Sakamoto (2019) examined COM trajectory of climbers of different skill
levels over a short traverse that consisted of roughly five moves, making it one of the few
studies to examine joint kinematics during a dynamic climbing sequence. Twodimensional angular joint kinematics of the shoulder, elbow, hip, knee, and trunk were
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examined in the sagittal and frontal planes. Asakawa & Sakamato (2019) found that
experienced climbers tended to extend their shoulders and elbows further, easing the
postural demand on the upper body, and relying on the lower body and trunk to move the
COM. The methodology of the study requires scrutiny, however, as the study population
was small, not homogenous, and loosely defined. Taken in consideration with the work of
Zampagni et al. (2011), climbers of higher skill levels exhibit a learned ability to adjust
their COM in order to climb more efficiently.
The complexity of the climbing environment makes kinematic analysis of any
dynamic movement difficult to control from a research perspective. The few studies
examining kinematics over the duration of an entire climbing route have done so in an
attempt to infer efficiency for the activity via geometric entropy (Cordier et al., 1993;
Sibella et al., 2007; Watts et al., 2016). Geometric entropy is calculated by measuring the
deviation of a climber’s COM from a line of best fit between the start and end of a route,
with the assumption that deviation from the line of best fit requires higher energy
demand. Watts and colleagues (2016) found that outdoor lead climbing was more
demanding than top rope climbing outdoors. Cordier and colleagues (1993) found that
‘expert’ rock climbers were more efficient at climbing a novel route than novice
climbers, which suggests a learned technique for optimized COM displacement. The
studies analyzing geometric entropy used a single point of data to estimate the climber’s
COM, and had loosely defined populations, limiting the generalizability of the results.
Furthermore, it can be argued that deviation from a line of best fit up a climbing wall may
be necessary to utilize a climbing hold more efficiently, or to provide a spot of rest for the
climber.
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Dynamic Maneuver (Dyno) Technique
Proper technique for the dyno is the subject of many instructions and guidebooks.
In an instructional guide, Green (2017) instructs climbers in the following manner: “The
climber grabs handholds and then sets his feet as high as possible on the best footholds he
can find. He then rocks up and down to build up the momentum necessary to launch
upward. At the right moment, the climber explodes off the holds, pushing his feet down
hard on the footholds and jumping upward. At the last moment, as he reaches the apex of
his upward trajectory, that split second before he begins falling, the climber grasps the
target handhold.” Importantly, Green maintains that a countermovement, high foot
placement, and final hold contact timing are all integral components to the dyno, with
other guides highlighting similar techniques (Burbach, 2005; Whitehead, 2015).
Research conducted by Fuss & Niegl (2010) determined optimal technique to
complete a dyno involved jumping further than the final hold by at least 10 cm and
contacting the final hold during the upward trajectory of flight, allowing the
musculoskeletal system to cushion the climber as they grasped the finishing hold and
began their downward trajectory. The finding contradicts the coaching cues from
Bensman (1999) and Green (2017), who state that the climber should grab the hold at the
apex of flight. Furthermore, Phillips and Jensen (2016) found distances greater than one
meter between the starting hand and footholds to be more appropriate for one-handed
dyno success when compared to narrower distances of 86 cm and 61 cm, with the added
range of motion afforded to the climber believed to be the key factor to success. It is also
noteworthy that climbers in the study reported difficulty completing a countermovement
prior to the one-handed dyno in the narrowest trial, highlighting the biomechanical
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complexity of the movement. Given the sparse availability of research regarding foot
placement, it appears that success of a dyno could be irrespective of foot placement, per
the recommendation of Bensman (1999), who recommends individualized preference
dictated by each novel climbing situation.
It is common practice for rock climbers attempting a dyno to perform a rocking
movement using the lower body prior to an attempted dyno. This pre-stretch
countermovement is seen in plyometric exercises, which use a pre-stretch movement via
the stretch-shortening cycle (SSC) to rapidly generate force. The SSC is a combination of
stored mechanical energy, predominantly via the series elastic component, and
neurological input from the stretch reflex of the muscle spindle, potentiating the agonist
muscle group to generate more force (Baechle & Earle, 2008; Kenney et al., 2012).
Stretch shortening cycle movements have been shown to increase peak force and vertical
displacement in lower body dominant activities like the countermovement jump
(Häkkinen et al., 1986; Komi, 1979; Komi & Bosco, 1978), as well as peak force and
peak power in upper body power movements such as the bench press throw (Newton et
al., 1997). It is possible that the dyno maneuver does not allow the climber to achieve
adequate pre-stretch to generate force via the SSC, or that the stored mechanical energy is
lost as heat during the amortization phase of the movement (Bobbert et al., 1996), but
future research is needed to substantiate these theories.
Of note, the research conducted by Phillips and Jensen (2016) showed no
significant difference in climbing success between a pre-stretch and a static start to a onehanded dyno, suggesting that dynamic climbing movements could require either
technique situationally, or that the techniques simply do not carry as much import during
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a dyno as they would during a more traditional triple extension movement (Häkkinen et
al., 1986; Komi & Bosco, 1978). The confounding results require further research to
determine to what extent a pre-stretch eccentric movement affects the success of a dyno.
Research conducted by Bobbert and colleagues (1996) could explain some of the
confounding results. While examining the differences between countermovement jumps
and squat jumps, mathematical modeling by Bobbert et al. (1996) determined that the
primary difference in jump height between a countermovement jump and a squat jump
was not due to additionally stored elastic energy, but rather it can be attributed to force
dynamics of the contractile component. While potentiation provided for more efficient
work, the increase in cross bridging and force throughout the eccentric phase of the
movement immediately prior to concentric contraction allows for greater force
production over the early portion of muscle shortening in a countermovement jump,
accounting for the increase in performance. With regard to the dyno, it could be theorized
that the rocking motion does not achieve great enough force dynamics during the
eccentric phase to be tangibly beneficial, but further research is needed to investigate this
claim.
Legreneur and colleagues (2018) compared the locomotion between the dyno, an
explosive pull up, and a squat jump in what were described as nine ‘high-level’ climbers.
Their results suggest a similar coordination in the lower limbs between a dyno and a
squat jump, but with significantly higher impulse values for dynos, accounting for an
increase in performance of about 40 percent on average. Interestingly, the sequencing of
the upper body articulations between the explosive pull up and the dyno varied
drastically, suggesting a reliance on the lower body for power generation. In their study,
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the upper body only slightly contributed to power production via the shoulder girdle,
while predominantly controlling the flight trajectory of the climber. These results are
corroborated by the work of Fuss and Niegl (2010) who found the force output ratio of
feet to hands to be 1.8 on average in a small pool of nine sport climbers attempting a
dyno. Cautious evaluation is necessary given the loosely defined population, but the
results indicate the lower body as the catalyst for vertical force generation, while the
contribution of the upper body appears to focus on overcoming the bodyweight moment
of the climber and directing the path of the COM during the dyno.
Without scientific rigor to substantiate claims of best technique, climbers
attempting a dyno should self-select their preferred jumping style as well as foot
placement based on personal preference and comfort level. During the dyno, the climber
should focus on generating force via the legs, attempting to overshoot their target, and
reach for the hold as quickly as possible to maximize likelihood of success. Oftentimes,
however, a climbing route does not allow for preferential selection of foot placement or
jumping style due to the physical constraints of the route. As such, a better understanding
of the angular kinematics of successful dynos would provide scientific evidence for
proper technique and better inform coaching cues during the movement.
Summary
There is a large body of unsubstantiated claims for best practices for the dyno.
While research has been conducted highlighting anthropometrics and kinetic differences
between climbers of varying skill levels, kinematic parameters remain largely
unexamined for climbing-specific movements. In order to better understand why some
climbers are able to complete a complex climbing movement while others are not, an
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examination of successful and unsuccessful dynos is warranted. This chapter reviewed
the current literature on kinetic and kinematic analysis of climbing-specific movement
patterns, providing a brief background on the sport of rock climbing, while specifically
focusing on the kinematics of the dyno maneuver commonly seen in bouldering.
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Chapter 3
Methods and Materials
This study determined if there is a significant kinematic difference between
successful and unsuccessful dynamic bouldering movements. Participants received three
attempts to complete a two-handed dyno that was videorecorded and compared between
trials where a dyno was successfully completed and trials where climbers were
unsuccessful. The purpose of the following chapter is to describe the methods and
materials of the study.
Participants
Participants were convenience-sampled from the greater Spokane, Washington,
area at local climbing gyms, as well as via word-of-mouth from members of the local
climbing community. Participation in the study was voluntary, and the participants had
the opportunity to read and agree to the study design and procedures prior to partaking in
the protocol.
Eligibility for participation in the study required that participants have at least 12
months of rock climbing experience, had not sustained an injury severe enough to limit
rock climbing within the past 12 months, and were between the ages of 18 and 50 years.
Furthermore, participants were required to have a self-assessed climbing ability no lower
than 5.8, and no higher than 5.12d for females, and 5.13b for males (see Appendices A,
B). Draper, Dickson, and colleagues (2011) have validated self-assessment of climbing
ability, with self-report being validated for other populations (Jones et al., 2007; Sulheim
et al., 2007).
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A sample size estimator (Faul et al., 2009) was utilized based on a moderate effect
size, suggesting a total participant sample size of 12. However, previous studies
examining climbing-related movements have found statistically significant differences
with sample populations ranging from five to 19 participants (Amca et al., 2012; Fuss &
Niegl, 2010; Koukoubis et al., 1995; Vigouroux & Quaine, 2006; Watts, Jensen, Agena,
et al., 2008). With most protocols only finding significance with male participants, the
proposed study would require between 10 and 38 participants to find significance. Taken
in sum, the sample size expected to provide meaningful results for this study was 12.
Participants were subdivided based on climbing performance for data analysis into two
groups: trials where the subject successfully completed the dyno, and trials where the
subject did not.
Participants were required to refrain from strenuous physical activity at least 24
hours prior to study participation, specifically, refraining from any activity that caused
fatigue of the finger flexors, elbow flexors, and the shoulder girdle in order to mitigate
any fatigue effects prior to participation in the study. Ethical approval for this study was
completed by the Eastern Washington University Institutional Review Board prior to data
collection.
Instruments
All climbing was performed on a bouldering wall that had a sustained overhang
angle of 15° (EPIC Adventures, Cheney, WA) with crash pads placed in the fall zone to
mitigate risk associated with bouldering (see Figure 1a). The wall was bolted with a
series of urethane holds in a similar design to previous research (Fuss & Niegl, 2010).
Two footholds were bolted 40 cm apart near the base of the wall. A starting handhold
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was bolted 105 cm above the feet and positioned an equal distance horizontally between
both footholds, and a finishing handhold was bolted 105 cm above the starting handhold
(see Figure 1b). Specific dimensions of each hold are as follows: the foot contact area of
each foothold measured 8 cm x 4.5 cm, and the handholds measured 28 cm wide by 8.5
cm deep, with the lip measuring 3 cm thick (Element Climbing, Los Angeles, CA).

Figure 1a & Figure 1b. Climbing wall apparatus, with the holds utilized
for the study marked with white tape.
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A camcorder (SportsCam; Fastek Imaging, San Diego, CA) sampling at 30 Hz
was placed perpendicular to the face of the climbing wall and was used to record each
dyno attempt. Due to the protective crash pads that are permanent fixtures in the climbing
space, the camera was placed roughly 20 ft from the climbing route to ensure the camera
remained on a firm, level surface and was static throughout each attempt. For
consistency, the camcorder was placed in the same marked location, at the same height
(four feet from the ground) in a manner that allowed for the starting footholds, as well as
the final handhold to be in the same field of view for all trials. Calibration frames were
taken prior to each participant’s trials using a static calibration rod held vertically in the
field of view. The calibration rod was a segment of PVC pipe affixed with reflective
markers, with a distance of 226 cm between markers. A 1000-watt, twin-head halogen
flood light was also positioned in the climbing space to assist with illumination of the
subject’s reflective markers.
Participant height and weight were collected using a portable stadiometer (Seca
700, Seca USA, Chino, CA). Height was recorded to the nearest 0.5 cm; weight was
recorded to the nearest 0.5 kg. Forearm circumference and arm span were measured to
the nearest 0.5 cm using measurement tape (Performance Health, Warren, IL). Arm span
was measured with arms fully extended and abducted 90° in the frontal plane, measuring
via the posterior side of participants as they stood with their backs against a wall affixed
with a tape measure. Forearm circumference was measured on the right arm near the
proximal end, at the widest point of the forearm in accordance with previous research
(MacLeod et al., 2007). The average of two measurements was used for both arm span
and forearm circumference, respectively. A third measurement was to be taken if the first
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two measurements were not within 0.5 cm of each other, but no additional measurements
were needed for all participants. Self-assessed climbing ability was included for
eligibility purposes (Draper, Dickson, et al., 2011).
Procedures
All participants gave written consent and completed a physical activity readiness
questionnaire (PAR-Q; Appendix C) and a climbing-specific questionnaire (Appendix D)
prior to participation in the study. Participants were made aware of the study design, and
had anthropometric measurements (height, weight, arm span, and forearm circumference)
taken prior to testing in accordance with previous research (Deyhle et al., 2015; Grant et
al., 1996).
Participants were required to wear climbing shoes and form-fitting clothing that
did not interfere with reflective marker placement or impede the climbing movement.
Prior to data collection, participants completed a five-minute warmup on an upper body
cycle ergometer at a self-selected pace, followed by a five-minute self-selected
bouldering session. Participants were not allowed to climb on the holds designated for the
study during the warmup. Following the warmup period, the participant’s skin was
prepared for reflective marker placement, to include shaving and scrubbing of the skin
with isopropyl alcohol, if necessary. Reflective markers were attached with double-sided
adhesive, and affixed in accordance with Hamill et al. (2015) and Winter (2009) in the
following locations:
•

Right wrist, on the ulnar styloid
processes

•
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Right hip, on the greater
trochanter of the femur

•

Right elbow, on the lateral
epicondyle of the humerus

•

Right knee, on the lateral
condyle of the femur

•

Right shoulder, on the acromion
process of the scapula

•

Right ankle, on the lateral
malleolus

Following camera calibration, each participant received three attempts to
complete the dyno. Participants were permitted to use as much chalk (MgCO ) as desired
3

on their hands, with reapplication allowed between attempts. Participants were not
instructed on any technique for the dyno and were only given positive encouragement
throughout the attempts. Participants received between two and five minutes of rest
between each trial, per the National Strength and Conditioning Association (NSCA)
recommendations for power training (Baechle & Earle, 2008). If a participant completed
the dyno, all subsequent trials were forfeit. If a participant had not successfully
completed a dyno after their third attempt, their trial data was averaged across trials and
used for further analysis.
The following constituted a successful dyno: participants must have all four
points of contact (both hands, both feet) in flight at the same time; both hands must
contact the finishing hold; and the participant must hold on to the final hold for a
minimum of three seconds for the move to count as successful.
Statistical analysis
Data digitizing, to include determining joint locations and angles in the sagittal
plane, COM location and displacement, and temporal considerations, was completed
using MaxTRAQ software (v. 2.9.1.5; Innovision Systems, Columbiaville, MI). Data
were analyzed for significance using SPSS (v. 21.0, IBM, Chicago, IL).
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Three events were defined for each trial: the initial upward movement, takeoff,
and the catch (see Figure 2). These three events were defined as follows:
•

Initial upward movement: the frame in which the COM reached its lowest point
prior to leaving the starting holds.

•

Takeoff: the first frame in which all four contact points (both hands, both feet) no
longer touch the starting holds.

•

Catch: the first frame during which both hands touch the final hold during a
successful attempt. For an unsuccessful attempt: the first frame during which the
hands make contact with either the final hold, or the climbing wall.

Figure 2. Climbing events of interest. From left to right: Initial upward movement
frame, Takeoff frame, and Catch frame.
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For participants who were unable to complete the trial, the catch was replaced
with the frame that contained the first contact with either the finishing handhold or the
wall if the final hold could not be reached. Only five frames were digitized for analysis:
the initial upward movement frame, the takeoff frame, the catch frame, and the frames
immediately prior to and after takeoff. The frames of interest were manually digitized by
the same investigator for each trial.
The independent variables of interest for the proposed design included the sagittal
plane angles of the ankle, knee, hip, shoulder, and elbow, the horizontal and vertical
displacement of the COM during each of the three phases of interest, as well as the
respective angular velocities of each joint at takeoff, and the vertical and horizontal
velocities of the COM at takeoff.
The COM for each subject was calculated using a 14-segment model developed
by Plagenhoef et al. (1983) and described by Hamill et al. (2015). The landmarks used to
identify segment parameters included the reflective sites discussed above, as well as the
ear canal, fingers, and toes. The location of any obscured landmarks on the left side of
subjects were assumed to be in the same location as the right-sided landmarks in the
sagittal plane unless discernably different. Center of mass velocities and angular
velocities were calculated using the first central difference method (Hamill et al., 2015)
shown in (1).
𝑣𝑣𝑥𝑥𝑥𝑥 =

𝑥𝑥𝑖𝑖+1 −𝑥𝑥𝑖𝑖−1
2∆𝑡𝑡

𝑣𝑣𝑦𝑦𝑦𝑦 =
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𝑦𝑦𝑖𝑖+1 −𝑦𝑦𝑖𝑖−1
2∆𝑡𝑡

(1)

Following group assignment and post-hoc assessment, it was determined that
several subjects had upper body movement occurring in the frontal and transverse planes
(e.g., shoulder abduction), invalidating analysis of the upper body in the sagittal plane. As
such, analysis of the shoulder and elbow were excluded.
Data normality was assessed using a Shapiro-Wilk’s test, and data outliers and
homogeneity of variance were determined via Lavene’s test. Due to a lopsided
distribution of male subjects following group assignment, only descriptive analysis was
conducted. Means and standard deviations were determined for descriptive data,
comparing differences in sagittal joint angles, velocities, and COM parameters between
successful and unsuccessful trials during each of the three phases of interest. Between
groups, exploratory analysis was conducted post-hoc using independent samples t-tests
where appropriate.
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Chapter 4
Results
Participants
Twenty-two low-grade to advanced level rock climbers (male n = 13; female n =
9) were convenience sampled for this study from the greater Spokane, Washington,
region. Each participant was categorized following their trials into either Successful or
Unsuccessful groups for analysis. Subjects who were unsuccessful had their trial data
averaged across trials for comparisons between subjects. Two subjects failed to complete
the climbing movement on their first trial and were successful on their subsequent
attempt. These subjects were included in both groups for further analysis, with their
successful trial data included in the Successful group, and their unsuccessful trial data
included in the Unsuccessful group. Following assignment of the two subjects, a total of
16 subjects comprised the Successful group, and eight subjects comprised the
Unsuccessful group.
For a dyno to be considered successful, all four points of contact had to be in
flight at the same time, the final hold must be contacted with both hands, and the subject
had to maintain contact with the final hold for at least three seconds. During one of their
attempts, three subjects in the Unsuccessful group failed to remove all contact points
from the wall as they shifted their COM to reach for the final hold while still maintaining
contact with the wall (deadpoint), failing to satisfy the first two conditions of a dyno. Due
to the limited definition of a dyno, and the extreme differences in climbing technique
between the dyno and the deadpoint, each subject’s data for the trial where they

41

deadpointed the movement was excluded for analysis. Demographic information for all
24 subjects is listed in Table 1.
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Table 1
Subject demographics

Successful

Forearm
circumference
(cm)a

Hours
climbed per
week a

Experience
(years)a

178.45 ±
7.42

26.7 ± 2.29

4.77 ± 3.49

7.13 ± 5.75

2.5 ± 1.03

58.5 ±
6.87

167.67 ±
1.94

23.83 ± 1.61

6.67 ± 2.89

8.5 ± 6.61

3.67 ± 1.16

177.27 ±
5.47

76.15 ±
11.92

180.94 ±
5.7

27.37 ± 1.91

4.33 ± 3.56

6.81 ± 5.78

2.23 ± 0.83

28.9 ± 9.1

167 ±
9.16

62.13 ±
12.16

168.47 ±
10.11

23.88 ± 2.56

3.38 ± 2.72

4.94 ± 5.76

2.88 ± 1.64

7

26.14 ±
5.21

164.21 ±
5.04

58.43 ±
6.71

165.21 ±
4.52

23.14 ± 1.62

3.86 ± 2.54

5.14 ± 6.19

3.14 ± 1.57

1

48

186.50

88

191.25

29

0

3.5

1

n

Age
(years)a

Height
(cm)a

Total

16

27.5 ± 7.2

175.38 ±
6.5

72.84 ±
13.06

Femal
e

3

30 ± 6.25

167.17 ±
3.55

Male

13

27 ± 7.54

8

Femal
e
Male

Characteristic

Unsuccessfu Total
l

Weight
(kg)a

Arm span
(cm)a

Perceived
difficulty a

Note. Raw data of the perceived difficulty of the climb was numerically defined for data analysis. The corresponding analysis is modified to
reflect the Hueco V-scale. A score of 1 represents V0 difficulty, 2 represents V1 difficulty, 3 represents V2 difficulty, 4 represents V3
difficulty, 5 represents V4 difficulty.
a

Mean ± SD
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Following group assignment, it was determined that the asymmetrical distribution
of subjects, specifically of male subjects, limited the viability of parametric statistics. As
such, non-parametric and parametric statistics were excluded, and only descriptive
analysis was conducted between groups. The female distribution between successful and
unsuccessful subjects, however, warranted further investigation. Similar research
examining rock climbing has found meaningful significance between groups with study
populations ranging from nine to 25 subjects (Legreneur et al., 2018; Michailov, et al.,
2009; Philippe et al., 2012; Watts et al., 1993), with studies examining as few as three
female subjects (Fuss & Niegl, Phillips & Jensen, 2016). Furthermore, data normality and
homogeneity of variance testing revealed no significant differences between successful
and unsuccessful female groups. Therefore, it was decided to parametrically examine the
successful and unsuccessful female groups. Exploratory post-hoc analysis comparing
only the female subjects across groups using independent t-tests revealed no significant
differences in demographics between successful and unsuccessful females. No further
analysis was conducted for male subjects due to a lack of subjects across groups
(successful n = 13; unsuccessful n = 1).
Center of Mass Variables
Further exploratory post-hoc analysis examining the independent variables of
interest revealed a significant difference in vertical velocity at takeoff between successful
and unsuccessful female subjects (p = 0.015). No significant differences were found in
the resultant displacement during the catch phase between successful and unsuccessful
female subjects (p = 0.247). Center of mass displacement and velocities are displayed in
Table 2.
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Table 2
Center of mass displacement and velocities during the takeoff and catch phases
Velocity

Displacement

Takeoff

Unsuccessful

Catch

COMx (m/s) a

COMy (m/s) a

COMx (cm) a

COMy (cm) a

COMx (cm) a

COMy (cm) a

Total

-0.75 ± 0.25

2.53 ± 0.22

-19.60 ± 6.73

52.31 ± 7.57

-34.03 ± 9.14

86.19 ± 7.80

Female

-0.79 ± 0.3

2.39 ± 0.15b

-21.17 ± 10.21

46.5 ± 6.59

-31.97 ± 14.82

77.03 ± 3.13

Male

-0.74 ± 0.25

2.56 ± 0.23

-19.24 ± 6.21

53.65 ± 7.35

-34.51 ± 8.15

88.30 ± 6.98

Total

-0.79 ± 0.35

2.25 ± 0.36

-20.42 ± 5.27

45.52 ± 5.60

-36.10 ± 10.38

70.35 ± 11.15

Female

-0.79 ± 0.37

2.19 ± 0.33b

-20.44 ± 5.68

44.25 ± 4.64

-36.11 ± 11.21

66.9 ± 5.87

-0.8

2.71

-20.25

54.4

-36

94.45

Characteristic
Successful

Takeoff

Male
a

Mean ± SD

b

Statistically significant results between successful and unsuccessful female subjects
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Sagittal Plane Angles & Velocities
Mean values for the angles and velocities of the ankle, knee, and hip are listed in
Table 3. Exploratory analysis of the joint kinematics for female subjects revealed no
significant differences between groups.
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Table 3
Joint angles and velocities during the Initial and Takeoff phases
Joint Angle, Initial Phase
Ankle
(degrees) a

Knee
(degrees) a

Hip
(degrees) a

Ankle
(degrees) a

Knee
(degrees) a

Total

84.49 ±
8.87

56.07 ±
6.83

51.42 ±
9.65

137.46 ±
7.21

162.09 ±
11.56

Female

71.42 ±
1.50

56.73 ±
4.46

56.37 ±
3.97

138.77 ±
5.16

Male

87.51 ±
6.74

55.91 ±
7.4

50.28 ±
10.31

Total

83.04 ±
10.27

55.43 ±
6.73

Female

80.70 ±
8.51
99.35

Characteristic

Successful

Unsuccessful

Male
a

Joint Angle, Takeoff Phase

Angular Velocity at Takeoff

Hip
Ankle
Knee
Hip
a
(degrees) (degrees/s) (degrees/s) (degrees/s)
a

a

a

171.75 ±
13.11

416.29 ±
182.90

359.60 ±
243.02

297.66 ±
142.51

167.3 ±
5.24

180.72 ±
9.52

508.73 ±
120.86

467.26 ±
198.23

354.29 ±
223.72

137.16 ±
7.75

160.88 ±
12.41

169.68 ±
13.23

394.96 ±
191.71

334.75 ±
252.40

284.59 ±
126.71

58.36 ±
8.78

139.68 ±
3.35

163.80 ±
8.95

178.58 ±
11.94

337.57 ±
180.66

422.77 ±
253.86

378.32 ±
144.31

56.13 ±
6.95

59.88 ±
8.26

139.76 ±
3.61

166.40 ±
5.50

181.88 ±
8.05

381.66 ±
194.73

428.35 ±
273.67

387.79 ±
153.16

50.55

47.7

139.1

145.6

155.5

348.93

383.69

312.02

Mean±SD
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Chapter 5
Discussion
This study investigated the kinematic differences between successful and
unsuccessful two-handed, dynamic climbing maneuvers. The main findings of the present
study were that the technique across subjects during the initial phase of the dyno was
consistent, and that the vertical velocity of the COM at takeoff was significantly different
for female subjects between groups. Due to a heterogenous sample population, only
female subject data was able to be assessed parametrically post-hoc. The following
sections will discuss the results of the study as they pertain to previous research, examine
the limitations of the study design, and highlight future research considerations.

Upper Body
Unfortunately, during video analysis it was determined that several climbing
attempts involved shoulder abduction in the frontal plane, invalidating sagittal plane
analysis of the upper body. The angles and velocities for the shoulder and elbow joints
were excluded from analysis due to upper body movement occurring in multiple planes
during several trials. Of the 32 total trials analyzed, 10 trials had upper body movement
occur in multiple planes, with a slightly higher percentage seen in unsuccessful subjects
(35.3%) than in successful subjects (26.7%). During pilot testing, there was no
perceptible deviation from the sagittal plane during dyno attempts with regard to
movement in the upper body. Furthermore, kinematic assessment in the sagittal plane
during the dyno had been conducted previously (Fuss & Niegl, 2010; Legreneur et al.,
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2018) with no reported shoulder abduction or other deviation from the sagittal plane
necessitating three-dimensional analysis.
While not significant, the reported experience levels between groups in the
present study did favor successful subjects. This suggests the deviation in upper body
technique was not the result of experience, as both successful and unsuccessful subjects
showed deviation in the sagittal plane. As a point of comparison, Fuss & Niegl (2010) do
not report or address deviations from the sagittal plane in the upper body during the dyno
while examining intermediate, advanced, and elite climbers with several years of reported
climbing experience. If deviations were in fact not present, the applicability of the results
would be limited due to the extremely small sample size (two intermediate climbers, six
advanced, one elite).
Research conducted by Deyhle et al. (2015) examining muscular activity of the
upper body in advanced climbers during a climbing sequence suggests a heavy reliance
on the finger flexors and elbow flexors during a climbing movement, with a limited
contribution from the shoulder adductors and lumbar flexors. When viewed through the
lens of the present study, these results would suggest that the optimized technique to
complete the dyno would be to rely heavily on finger and elbow flexion, with shoulder
abduction occurring in the frontal plane having a complementary role in force generation.
Evidence for the importance of the finger and elbow flexors in rock climbing are well
documented (Amca et al., 2012; Balas et al., 2012; Boccia et al., 2015; Grant et al.,
1996). It is possible that subjects in the present study have developed preferential
technique that either incorporates or omits shoulder abduction, but without threedimensional analysis to parse out specific differences in technique, the contribution of the
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upper body in the present study appears to be the result of preferential technique on a
case-by-case basis.
Fuss and Niegl (2010) cite research published in German that examines the
kinematics of a one-handed dyno in two climbers. Unfortunately, the publication is
unavailable for review, and would have extremely limited applicability due to population
size and movement characteristics that are unlike the two-handed dyno. It does appear
that the German study breaks down the one-handed dyno movement into four distinct
phases, in a similar fashion to the present study, but it is not discernable how those phases
of the movement were defined.
Inherent to all two-dimensional kinematic analysis is that only one plane of
motion can be assessed. Three-dimensional analysis would be necessary to determine
multiplanar climbing characteristics, and determine if there were any significant
variations in either the frontal or transverse planes (e.g., knee valgus or varus at takeoff,
shoulder abduction, or trunk rotation during the catch). Low (2005) characterizes rock
climbing as a quadrupedal activity done by bipedal participants, and therefore suggests
that climbing requires three-dimensional analysis, as is necessary with all quadrupedal
movement (Gray, 1944). Taken in sum, the dyno is too complex a movement, and interclimber variation in technique is so great that future kinematic research of the dyno
should be examined in three dimensions.
During video analysis, it was noted that two successful subjects had considerably
greater shoulder angles at takeoff than any of the other subjects. Both subject’s
techniques involved releasing from the wall with their hands roughly 0.1-0.2s prior to the
feet, allowing them to reach for the final hold in a fluid motion. All other subjects have a
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near-simultaneous release between the hands and feet, or release from the handhold well
after the feet take flight. Importantly, no other study examining the dyno has clearly
defined takeoff parameters for analyzing flight, rendering parametric comparison
between subjects and generalizability between studies examining angular kinematics
illogical. The reference point for takeoff in this study was the last frame where contact
with either the hands or the feet was visible. This definition was selected under the
pretense of previous research that found no significant difference between the timing to
release from the wall between the hands and feet (0.060 ± 0.043 s; Fuss & Niegl, 2010).
During pilot testing, no noticeable variations were observed in the sequencing of the
release, with near simultaneous release between the hands and feet occurring each time,
so it was assumed that all subjects would have similar takeoff characteristics.
The early upper body release observed in the two subjects allows for greater
shoulder and elbow extension than what is seen in other subjects during the same period
of the movement. Of note, both subjects reported the highest on-sight and red point skill
levels of all subjects, while also rating the climb well within their own capabilities. This
could suggest that higher level climbers may develop a more fluid climbing technique to
overcome the postural challenges of the dyno, or that the movement was simply well
within their climbing capabilities, and they did not need to rely on the best technique or
full exertion to complete the movement. The research conducted by Fuss and Niegl
(2010) suggests that this would be the ideal technique for ensuring a successful dyno; the
climber is reaching for the final hold as quickly as possible, contacting the final hold
during the upward trajectory of flight, and will be able to cushion the force dynamics at
the hands during the catch as their COM begins its downward trajectory.
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Follow-up, repeated measures research should assess if variations in the distance
the climber travels between the starting holds and final holds has an impact on kinematics
during the dyno. As demonstrated by the findings of Phillips and Jensen (2016), the
distance between the starting handholds and footholds can have an effect on performance
of dynamic climbing movements, with climbers self-selecting their preferred starting
holds to maximize COM displacement. It would be worth investigating if climbers adapt
their technique to accommodate dynos of varied distances. Regardless of the research
question being asked, clearly defined flight parameters need to be established for
parametric analysis to be viable.
For comparisons to be made between the dyno and other triple extension activities
such as the countermovement jump, the takeoff phase of the dyno would have to be
redefined as the last contact between the climber’s feet and the wall, disregarding the
contribution of the upper body. Previous research has shown that the upper body makes a
smaller contribution to vertical force production than the lower body during the dyno and
is primarily associated with directing the flight trajectory (Fuss & Niegl, 2010; Legreneur
et al., 2018). It could be argued that this definition would allow for lower-body
comparisons to be made, but it is open to speculative interpretation and scrutiny, as the
upper body can still influence the flight phase even after the lower body has left the wall.
Demographic Discrepancies
During exploratory analysis, no significant differences were found across all
demographic parameters between successful and unsuccessful female subjects. Given the
small sample size, cautious evaluation is warranted. With data analysis only conducted
using descriptive statistics, there is still a clear sex effect when examining the results of
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the present study. Thirteen of the 14 male subjects were successful in completing the
movement, while only three of the 11 female subjects were successful. Height, weight,
arm span, and forearm circumference are noticeably greater for successful subjects as
well, highlighting the perceived sex effect.
Examination of sex-specific differences of elite competition rock climbers
showed that female climbers tended to have lower relative grip strength and shoulder
girdle endurance compared to male climbers (Balas et al., 2012). The decreased relative
strength could mean that it was more difficult for female subjects to generate the vertical
force needed to reach the final hold or control their COM trajectory. More likely,
however, is that the variations in anthropometrics between men and women contrast
enough to affect performance. It seems more plausible that a roughly 10 cm difference in
both height and arm span, and about a 3 cm difference in forearm circumference, played
a larger role in the success or failure of the climbing maneuver. These differences are
consistent with the anthropometric differences reported previously between sexes (Grant
et al., 1996; Grant et al., 2001; Mermier et al., 2000; Michailov et al., 2009; Watts et al.,
1993). For instance, Mermier et al. (2000) found low-grade to intermediate level male
climbers were significantly heavier, taller, had longer legs, and greater arm spans than
their female counterparts.
Grant et al. (1996) reported no significant differences in body mass, height, or
arm length between elite level, recreational, and non-climbing males. These results were
substantiated by an examination of elite level, recreational, and non-climbing females,
where no significant differences were found in body mass, height, or arm length (Grant et
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al., 2001), furthering the notion that perceived group differences in the present study were
due to differences in sex and not differences in experience or skill.
Medernach et al. (2016) found that, on average, elite female climbers required
more moves, a shorter active gripping time, and longer rest periods when solving a
competition bouldering route compared to elite males, suggesting a reliance on technique
over force for females while climbing. Subjects were climbing at near-maximal difficulty
during a prolonged bouldering sequence, limiting generalizability with the current study.
That said, given the dynamic, explosive nature of the dyno, this variation in observed
climbing styles between men and women helps explain the sex differences seen in the
present study.
Previous climbing literature has reported that more experienced climbers tend to
have higher climbing performance scores than inexperienced climbers (Booth et al.,
1999; Watts et al., 1993), which is consistent with the present study. In contrast, the
results of research conducted by Mermier and colleagues (2000) showed that male
climbers spent significantly more hours training per week than females, which appears to
be inconsistent with the present study. A lack of variation in hours spent climbing
between males and females lends itself to the theory that the anthropometric differences
between men and women affected performance in the present study, rather than
experience. It is possible that the more experienced subjects were able to implement
learned strategies during a novel climbing situation more so than inexperienced subjects;
an occurrence commonly seen in climbers who utilize route preview to climb more
efficiently (Boschker et al., 2002).
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Perceived difficulty was also noticeably different between successful and
unsuccessful groups, with successful subjects rating the difficulty of the move as slightly
easier than unsuccessful subjects. Perceived difficulty was assessed immediately
following completion of all climbing trials. It would be interesting to examine if
perceived difficulty would vary pre-climb to post-climb. All but one subject who failed
the dyno reported the difficulty of the dyno to be within their climbing skill level. The
present study design was limited to a climbing movement that would be within the skill
range of climbers ranging from Low Grade to Advanced according to Draper, Canalejo,
and colleagues (2011) to allow for comparisons to be made. The route setter subjectively
evaluated the difficulty of the dyno as a V1 on the Hueco Bouldering Scale (see
Appendix E), placing the dyno within the climbing capabilities of all subjects. If the
intent of future research is to evaluate maximal effort between groups during a dyno, the
perceived difficulty of the dyno can be altered by the route setter by either changing the
distance traveled or adapting the size of the climbing holds in order to ensure all subjects
climb at or near their maximal skill level.

Lower Body Kinematics
While not statistically substantiated due to heterogeneous data, there does not
appear to be any discernible difference in the initial body positioning between successful
and unsuccessful subjects as indicated by the initial joint angles of the lower body.
Therefore, all subjects started the dyno in a similar position, and it can be assumed that
the success or failure of the movement is the result of the climber’s technique and force
generated during takeoff, and not the result of inappropriate initial positioning. Previous
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research suggests that more experienced climbers adjust their COM in order to climb
more efficiently by extending their elbows and shoulders, and flexing the hips, knees, and
ankles, effectively lowering the COM (Asakawa & Sakamoto, 2019; Zampagni et al.,
2011). While the present study did not examine efficiency of the dyno, the results do
contradict previous findings in regard to positional strategies exhibited to start the
climbing movement.
Three subjects had negative angular velocities in the lower body during takeoff,
indicating that they were moving in the opposite direction (i.e., back towards the wall)
during takeoff. This seemingly impossible result appears to be the consequence of a
combination between poor timing by the subjects, who released from the wall with the
feet prior to the hands, and poor trajectory. As such, the subjects are being acted upon by
a force that is carrying them away from the wall. This interaction can be explained by
Newton’s Law of Reaction, which states that for every force that is exerted, there is an
equal and opposite force being exerted (Knudson, 2007). As it pertains to this study, the
downward force exerted into the foothold during takeoff creates an equal force propelling
the climber upward and away from the wall. It appears that the three subjects pushed into
the wall (i.e., horizontally) with too much force, leading to greater horizontal
displacement and a poor flight trajectory. In an attempt to overcome the moment of
inertia and correct their trajectory, each subject flexed at the ankle, knee, and hip joint
immediately following propulsion from the wall with the legs. Because these subjects
were still contacting the wall with their hands, takeoff had not yet occurred as defined by
study protocols, creating the negative velocities seen in the lower body at takeoff. Again,
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the complexity of the dyno results in a lack of an easily definable takeoff phase during
the movement and contributed to the variations in angular velocity at takeoff.

Center of Mass Characteristics
It is interesting to note that the significantly different vertical velocity of the COM
in female subjects (p = 0.015) did not translate to a significant difference in the
displacement of the vertical COM between the two groups (p = 0.247). Anecdotal
evidence during data collection showed that during unsuccessful attempts, subjects would
attempt to grab the final hold past the peak of their flight trajectory, during the point at
which the COM is moving negatively in the vertical direction. The increased vertical
velocity of the COM may have allowed successful subjects the opportunity to reach for
the final hold sooner than the unsuccessful subjects, while their COM was on its upward
trajectory. This technique was highlighted in the works of Fuss & Niegl (2010), who
determined the optimal technique for the catch phase of the dyno is to reach for the final
hold as quickly as possible while the COM is still on its upward trajectory, utilizing the
peak and downward phases to disperse the forces experienced at the hands.
The horizontal displacement of the COM backward away from the wall was
slightly greater for unsuccessful subjects during the catch phase, which could be an
indication that the 15° overhanging angle on the climbing surface affected launch angle,
resulting in a COM trajectory that displaced the climber too far out from the wall to be
successful. It has been established that during a climbing movement, the upper body
generates force to counteract the horizontal moment of inertia experienced as the climber
leans away from the wall, while the lower body counters gravitational forces placed on
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the hands and feet (Noé et al., 2001; Watts & Dobrish, 1998). Newton’s Law of Inertia
states that objects at rest will stay at rest, and objects in motion will stay in motion unless
acted upon by an unbalanced force (Knudson, 2007). In climbing, the COM of the
climber is constantly positioned outside of the base of support, requiring the climber to
generate constant force at the handholds to keep from falling off the wall. In the present
study, it is possible that unsuccessful subjects did not generate enough force in the upper
body to overcome the resultant moment of the COM prior to release, as seen in previous
research (Noé et al., 2001; Watts & Dobrish, 1998). The resultant force dynamics would
therefore send the climber further outward away from the wall than it would propel them
upward towards the finishing hold.
As previously mentioned, several unsuccessful subjects maintained contact with
the final hold well after takeoff was achieved in the lower body (upwards of 0.13s
following toe-off). It is hypothesized that this may be a learned technique that aims to
compensate for the overhang of the wall and correct for COM trajectory with the upper
body. Instead, the added contact time with the hands resulted in subjects pivoting around
the contact point between the hands and the wall, slowing their vertical velocity just prior
to takeoff and pitching the climber forward. It would be interesting to investigate whether
the extended contact time with the hands would be present during a dyno on a route that
was not overhanging, or if it would be exacerbated at steeper climbing angles.
The vertical velocity of the COM for successful subjects seen in the present study
is comparable with that of previous research during the takeoff phase of the dyno. While
comparing differences in squat jump and dyno technique, Legreneur et al. (2018)
reported a COM vertical velocity of 3 m/s during the takeoff phase of the dyno. The
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present study found the vertical velocity of the COM during successful dynos was 2.53 ±
0.22 m/s. The slightly lower vertical velocity in the present study may be due to subject
variation, as Legreneur and colleagues examined nine ‘high level’ males, while the
present study analyzed climbers of varying skill levels. Unfortunately, Legreneur et al.
did not clearly report these findings in any form other than a bar graph, and did not define
takeoff in their study, making it difficult to draw comparisons.

Conclusions
This study determined that the vertical velocity of the COM was significantly
greater in successful climbing attempts for female subjects without significant variations
in the angular velocities of the lower body, while also highlighting the effect of sex on
dyno success. The present study assists in expanding the research in rock climbing to
include female subjects and deserves merit for examining the lower body angular
kinematics of a specific climbing movement, which has been absent from the literature
thus far. The insights into kinematic variables affecting the success of a dyno examined
in the present study have only been examined in relation to optimizing the starting
position and finishing technique of the move.
Subjects were delimited to low-grade to advanced climbers, with no subjects
fitting the description for elite, or higher-elite level climbers as defined by Draper,
Canalejo, and colleagues (2011). The difficulty of the dyno maneuver was limited to
allow both low-grade climbers and advanced climbers the opportunity to complete the
climbing movement. Examination of matched-difficulty dyno moves between climbers of
different skill levels is warranted. As mentioned previously, the limited sample size and
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heterogeneous population limits assessment of the results, making analysis in some parts
interpretative. The study protocol was limited by the use of a camcorder sampling at
30hz. A more robust motion capture device with a greater sampling frequency would
have provided more accurate identification of the joint locations and angles during the
phases of interest.
The relatively low camcorder frame rate also makes discerning any differences in
the timing of joint maximal extension in the lower body invalid. During conventional
triple extension movements, the proximal to distal sequencing of the lower body heavily
impacts performance, with best technique being well established (Bobbert & van Ingen
Schenau, 1988; Cushion et al., 2019; Hudson, 1986). Future research interested in
examining the sequencing of the upper or lower body during the dyno should do so with
well-defined takeoff parameters for both movements, using a recording device with a
high capture rate to ensure adequate raw data for analysis. A more robust comparison
between the squat jump and the dyno as it relates to joint extension timing, maximum
joint angular velocities, and COM characteristics is recommended.
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APPENDIX A
Male Climbing Grade Categories
Group divisions and comparisons for male climbers based on climbing skill
Climbing Group

YDS

French/sport

British Trad

Ewbank

UIAA UIAA Metric

Watts

Adj
Lower Grade
(Level 1)

5.1
1
D
9
I
5.2
2
VD
10
II
5.3
2+
HVD
11
III
5.4
3S
12
IV
5.5
3
HS
13
IV+
5.6
3+
VS
14
V
0.00
5.7
4
VS
15
V+
0.25
5.8
4+
HVS
16
VI5.66
0.50
5.9
5
E1
17
VI
6
0.75
Intermediate
5.10a
5+
E1
18
VI+
6.33
1.00
(Level 2)
5.10b
6a
E2
19
VII6.66
1.25
5.10c
6a+
E2
20
VII
7
1.50
5.10d
6b
E3
21
VII
7
1.75
5.11a
6b+
E3
22
VII+
7.33
2.00
5.11b
6c
E4
23
VIII7.66
2.25
5.11c
6c+
E4
23
VIII7.66
2.25
5.11d
7a
E4
23
VIII
8
2.50
Advanced
5.12a
7a+
E5
24
VIII+
8.33
2.75
(Level 3)
5.12b
7b
E5
25
IX8.66
3.00
5.12c
7b+
E6
26
IX8.66
3.25
5.12d
7c
E6
27
IX
9
3.50
5.13a
7c+
E7
28
IX+
9.33
3.75
5.13b
8a
E7
29
X9.66
4.00
Elite
5.13c
8a+
E7
30
X9.66
4.25
(Level 4)
5.13d
8b
E8
31
X
10
4.50
5.14a
8b+
E8
32
X+
10.33
4.75
5.14b
8c
E9
33
XI10.66
5.00
5.14c
8c+
E9
34
XI
11
5.25
Higher Elite
5.14d
9a
E10
35
XI+
11.33
5.50
(Level 5)
5.15a
9a+
E10
36
XI+
11.33
5.75
5.15b
9b
E11
37
XII11.66
6.00
5.15c
9b+
E11
38
XII
12
6.25
Note. Adapted from “Reporting climbing grades and grouping categories for rock climbing”, by Draper,
Canalejo, et al., 2011, Isokinetics and Exercise Science, 19, p. 277

61

APPENDIX B
Female Climbing Grade Categories
Group divisions and comparisons for female climbers based on climbing skill
Climbing Group

YDS

French/sport

British Trad

Ewbank

UIAA UIAA Metric

Watts

I
II
III
IV
IV+
V
V+
VIVI
VI+
VIIVII
VII
VII+
VIIIVIIIVIII
VIII+
IXIXIX
IX+
XXX

0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50

Adj
Lower Grade
(Level 1)

Intermediate
(Level 2)

Advanced
(Level 3)

Elite
(Level 4)

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10a
5.10b
5.10c
5.10d
5.11a
5.11b
5.11c
5.11d
5.12a
5.12b
5.12c
5.12d
5.13a
5.13b
5.13c
5.13d

1
2
2+
33
3+
4
4+
5
5+
6a
6a+
6b
6b+
6c
6c+
7a
7a+
7b
7b+
7c
7c+
8a
8a+
8b

D
VD
HVD
S
HS
VS
VS
HVS
E1
E1
E2
E2
E3
E3
E4
E4
E4
E5
E5
E6
E6
E7
E7
E7
E8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
23
23
24
25
26
27
28
29
30
31

5.66
6
6.33
6.66
7
7
7.33
7.66
7.66
8
8.33
8.66
8.66
9
9.33
9.66
9.66
10

5.14a
8b+
E8
32
X+
10.33
4.75
5.14b
8c
E9
33
XI10.66
5.00
5.14c
8c+
E9
34
XI
11
5.25
5.14d
9a
E10
35
XI+
11.33
5.50
5.15a
9a+
E10
36
XI+
11.33
5.75
5.15b
9b
E11
37
XII11.66
6.00
5.15c
9b+
E11
38
XII
12
6.25
Note. Adapted from “Reporting climbing grades and grouping categories for rock climbing”, by Draper,
Canalejo, et al., 2011, Isokinetics and Exercise Science, 19, p. 276
Higher Elite
(Level 5)
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APPENDIX C

Physical Activity Readiness Questionnaire
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APPENDIX D
Rock Climbing History Questionnaire
NAME: __________________________________
How long have you been rock climbing? (Years, Months)

Over the past year, how many hours per week did you rock climb?

Of your time spent rock climbing, divide the hours into either bouldering, top rope, or lead
climbing (percentages are okay).
Bouldering:
Top Rope:
Lead:

Of your time spent rock climbing, divide the hours into either time spent climbing indoors or
outdoors (percentages are okay).
Indoors:
Outdoors:
What is the most difficult route you have climbed in the past year on your first attempt without
prior knowledge of the route (On-sight, or Flash)?
What is the most difficult route you have climbed in the past year after previous attempts
(Redpoint)?
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APPENDIX E
Rock Climbing Grading Scale: Hueco V-Scale to Yosemite Decimal System Conversion
Group divisions and comparisons for climbers based on climbing skill
Climbing Group

YDS

Lower Grade
(Level 1)

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10a
5.10b
5.10c
5.10d
5.11a
5.11b
5.11c
5.11d
5.12a
5.12b
5.12c
5.12d
5.13a
5.13b

Intermediate
(Level 2)

Advanced
(Level 3)

V-Scale

VB

V0

V1

V2
V3
V4
V5
V6
V7
V8

Note. Adapted and revised from “Reporting climbing grades and grouping categories for rock climbing”,
by Draper, Canalejo, et al., 2011
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