
123

Climbing 
Medicine

A Practical Guide

Volker Schöffl
Isabelle Schöffl
Christoph Lutter
Thomas Hochholzer
Editors



Climbing Medicine 



Volker Schöffl 
Isabelle Schöffl • Christoph Lutter 
Thomas Hochholzer
Editors

Climbing Medicine 

A Practical Guide



Translation from the German language edition: Klettermedizin by Isabelle Schöffl, et  al.,  © 
Springer-Verlag GmbH Deutschland, ein Teil von Springer Nature 2020 2020. Published by 
Springer Berlin Heidelberg. All Rights Reserved.

ISBN 978-3-030-72183-1    ISBN 978-3-030-72184-8 (eBook)
https://doi.org/10.1007/978-3-030-72184-8

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2020, 2022
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, 
whether the whole or part of the material is concerned, specifically the rights of reprinting, reuse 
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical 
way, and transmission or information storage and retrieval, electronic adaptation, computer 
software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Volker Schöffl
Center of Sports Medicine, Department 
of Orthopedic and Trauma Surgery
Sozialstiftung Bamberg
Bamberg, Bayern, Germany

Christoph Lutter
Department of Orthopedic Surgery
University of Rostock
Rostock, Germany

Isabelle Schöffl
Department of Pediatric Cardiology
Friedrich-Alexander Universität 
Erlangen-Nürnberg
Erlangen, Bayern, Germany

Thomas Hochholzer
Orthopädie und orthopädische Chirurgie
Privatklinik Hochrum
Innsbruck, Tirol, Austria

https://doi.org/10.1007/978-3-030-72184-8


v

Rock and sport climbing is currently evolving from an individual sport into a 
mainstream sport. The worldwide boom of bouldering has especially contrib-
uted to this increase in popularity, and the number of indoor climbing centers 
is constantly growing. Unfortunately, climbing’s 2020 Olympic debut in 
Tokyo had to be postponed but the whole climbing community is eagerly 
awaited the event in 2021.

We, as editors and contributors of this book, are all avid climbers our-
selves and have been practicing climbing medicine for many years (some of 
us approximately 30 years or more). In this capacity, we have not only been 
treating patients with injuries in climbing clinics but have also been monitor-
ing national teams and supervising competitions. The climbing sport pro-
vides many professional challenges, as its pathologies are very sport specific 
and unique to the sport. Since climbing has only been a professional sport for 
the last 30 years, many questions about long-term developments and conse-
quences remain unanswered. Based on our clinical knowledge as well as our 
scientific research of climbing pathologies, we are proud to present the cur-
rent standards of research in this book.

The English edition of “Climbing Medicine” aims to demonstrate ana-
tomical and biomechanical characteristics of the sport and to analyze the spe-
cific injuries and overstrains. Furthermore, we will present the medical, 
gynecological, and pediatric aspects of the sport. While our book “One Move 
Too Many” (Schöffl V, Hochholzer T, Lightner S Jr) is in its third edition and 
is addressed to trainers, athletes, and laypeople, this book targets medical 
professionals and scientists with a focus on evidence-based knowledge in 
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climbing medicine, covering a wide range of topics and current research. We 
are privileged to have received the support of the famous physiologist 
Professor Phil Watts for Chap. 4, “Physiology.” Phil Watts is a remarkable 
researcher and his work on climbing physiology has set the standard in climb-
ing. In addition to Prof. Watts, Y. El-Sheikh, the Canadian team doctor, con-
tributed to the chapter on finger injuries, and Thomas Bayer presents 
diagnostic imaging and all of the newest research from the field of radiology. 
Our British friends Gareth Jones and Ugo Ehiogu present data and recom-
mendations on rehabilitation and prevention. The very important topic of 
medical issues in climbing medicine is covered by Thomas Küpper. Michael 
Simon and Jens Liße contributed valuable insight to various chapters. Our 
special thanks go to all of the contributors for this great joint effort as well as 
to Rosamunde Pare for the English language support. Michael Simon, Enrico 
Haase, and Kilian Reil contributed with numerous photos to illustrate this 
work, as well as Tiffany Fung did provide illustrations. Finally, we want to 
thank all of our patients for their trust and support in allowing us to carry out 
our research with and on them, as well as the teams from our clinics and 
institutes, research staff, and chiefs of staff for making it possible for us to 
conduct all of this research.

Photographs by
Enrico Haase: Instagram: rico.haase.photo
Kilian Reil: www.kilianreil.com, Instagram: kilioreilly
Michael Simon: www.michaelsimon.org, Instagram: Michael_simon_ 

photography
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WARNING!! THIS BOOK DESCRIBES TRAINING TECHNIQUES FOR 
DANGEROUS ACTIVITIES.  BOTH THE ACTIVITIES AND THE 
TRAINING TECHNIQUES DESCRIBED CAN CAUSE SERIOUS INJURY 
AND/OR DEATH.

By your use of this book, you agree to the following:
USE THE INFORMATION CONTAINED IN THIS BOOK AT YOUR 

OWN RISK.
The techniques, ideas, and suggestions presented in this book should not 

be considered medical advice, and they are not intended to replace consulta-
tion with a qualified medical professional. Any application or use of the tech-
niques, ideas, and suggestions contained herein is at the reader’s sole 
discretion and risk.

THE AUTHORS, PUBLISHER, DISTRIBUTOR, and/or anyone else 
connected with the creation, marketing, and distribution of this book (col-
lectively referred to as the “Authors”) MAKE NO WARRANTIES, EXPRESS 
OR IMPLIED, OF ANY KIND IN CONNECTION WITH THIS BOOK, 
INCLUDING WARRANTIES OF SAFETY OR FITNESS FOR ANY 
PARTICULAR PURPOSE, AND EXPRESSLY DISCLAIM ANY 
WARRANTY REGARDING THE ACCURACY OR RELIABILITY OF 
THE INFORMATION CONTAINED HEREIN.

The authors assume no liability or responsibility of any type to any person 
or entity for errors contained herein, or for any special, incidental, or conse-
quential damage caused or alleged to be caused, directly or indirectly, by the 
information presented herein.

WARNING! The activities described in this book carry a significant risk 
of personal injury or death. DO NOT participate in these activities unless you 
are an expert, have sought and obtained qualified professional instruction or 
guidance, are knowledgeable about the risks.

involved, or are willing to assume personal responsibility for all risks 
associated with these activities. The learning and/or practice of suitable tech-
niques and safety measures is your sole responsibility, and you assume any 
and all risks associated with the practice of techniques discussed herein.

If you are unwilling to assume these risks, do not use this book or under-
take the activities or the training techniques described herein.

Disclaimer
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Rock and sport climbing is currently evolving 
from an individual fringe sport into a popular 
mainstream sport. The worldwide boom of the 
popular subdiscipline of bouldering (ropeless 
climbing on low height boulders) is especially 
contributing to the overall increase in popularity. 
Indoor climbing centers are becoming more com-
mon and are no longer solely training facilities 
for specialists but have become a meeting place 
for leisure athletes, “weekend warriors,” and 
afterwork enthusiasts. The climbing gyms offer 
activities as children’s birthday parties, amateur 
competitions, and beginner classes for all age 
groups. Due to inclusion of climbing as a compe-
tition sport into the Tokyo Olympic program and 
the regular livestreaming of main climbing events 
such as World Cups, climbing now has a larger 
audience than ever. This upward trend has been 
constant over the last decade; there are more than 
500.000 active climbers in Germany and more 
than two million in Europe [1]. Studies from the 
American Outdoor Industry Foundation report as 
many as nine million participants in rock climb-
ing in the USA. The number of people who iden-
tify themselves mountaineers raise these numbers 
even higher, although the exact definition of a 
“mountaineer” can greatly influence the scope of 
the group [2].

In addition to the classic, world-renowned 
outdoor climbing areas such as Yosemite Valley 
(USA), the Alps (Europe), the Peak District 
(UK), and the Frankenjura (Germany), many new 
outdoor climbing areas have been discovered 
around the globe; rock climbing is now present 
on all continents and in almost every country. 
Many remote places such as Laos, the Seychelles, 
Oman, Reunion, or Antarctica have become well- 
known climbing destinations. While this global-
ization of outdoor climbing activities continues, 
more and more indoor climbing gyms are open-
ing. Indoor climbing walls are present in almost 
every major city around the world, as well as in 
schools, rehabilitation centers, hospitals, army 
camps, and cruise liners. Consequently, indoor 
competition climbing has become popular not 
only on an international level but on local and 
regional levels as well. In the international com-
petition scene, the climbing and training intensity 

is constantly growing, and almost all top-level 
climbers are now full-time professional athletes. 
While this development is understandable in a 
Western society with a stable financial founda-
tion, it is even more exciting to see the climbing 
boom spillover to developing countries. Climbing 
is a new sport in many countries such as India, 
China, Laos, or the Philippines. It is great to see 
that despite limited financial means, there is a 
strong and growing local climbing scene driving 
the sport forward in these places, especially since 
the sport was mostly inaugurated through travel-
ling Western pioneering climbers like ourselves 
in Thailand, Laos, and other destinations in 
Southeast Asia in the early 1990s. We regularly 
receive emails and social media messages from 
injured climbers around the globe who have little 
access to sports medical facilities in developing 
countries. All of these climbers are connected by 
their love for climbing movements, thirst for 
adventure, and their desire to set and achieve new 
goals. These common interests provide a com-
mon ground for communication within the com-
munity between people of all ages from all over 
the world.

For sports medical doctors, climbing provides 
substantial professional challenges as its patholo-
gies are very sport-specific and many of them are 
not present in other athletes. Although a common 
ankle sprain, a frequent injury in many other 
sports as well as climbing (especially boulder-
ing), is treated by general sports medical and 
orthopedic trauma guidelines, other injuries such 
as pulley tears are climbing-specific and almost 
only seen in these athletes. Additionally, climb-
ing has only been established as a professional 
sport for approximately 30 years, and there are 
still many unanswered questions about long-term 
developments and consequences. The increasing 
professionalism of Olympic competition climb-
ing has led to a drastic increase of the overall 
training load and intensity [3, 4]. This will cer-
tainly lead to an increase in injury and overstrain 
incidence and could also affect long-term conse-
quences [4, 5]. The change of the competition 
format to the “Olympic combined” mode for 
Tokyo 2020 (all athletes take part in all three 
competition disciplines: lead, boulder, and speed) 
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also influences the impact on the athletes; we 
found a certain change in injury epidemiology, 
e.g., an increase in hamstring or knee injuries and 
more frequent overstrain edema of the midcarpal 
bones [4–7]. On the other hand, the increased 
popularity of climbing as a leisure and recre-
ational sport also leads to an increased occur-
rence of more severely graded trauma in 
beginners [8]. Based on the fact that many of 
these beginners are nonathletes, minor falls 
which would probably not injure a well-trained 
athlete may have serious consequences for these 
beginners. This may be due to a lack of core- 
stabilizing muscles, a lack of coordination, or 
other motoric deficits. The term “newbie syn-
drome” has been used to describe high-grade 
injuries in beginner climbers, for example, verte-
bral or tibial plateau fracture as a consequence of 
minor trauma (such as a fall from only 0.5  m 
height onto good protective mattresses) [8]. This 
also demonstrates that the demands on the sports 
medical teams increase and adapt with the chang-
ing direction of the climbing sport itself.

The aim of this book is to demonstrate the 
climbing-specific anatomical and biomechanical 
specifics and to analyze the specific injuries and 
overstrains as well as the medical, gynecological, 
and pediatrical aspects of the sport. While our 
book “One Move Too Many” (Schöffl V., 
Hochholzer T., Lightner S. Jr.) is aimed at train-
ers, athletes, and laypeople, this book is based on 
the German “Klettermedizin” (Springer) and tar-
gets medical professionals and scientists with its 
main focus on evidence-based knowledge in 
climbing medicine.

1.1  History

The various versions of modern sport climbing 
have all developed from mountaineering, a sport 
which was established in the European Alps. By 
the mid-1980s, the popularity of climbing had 
spread globally and had diversified to include 
new categories, such as ice climbing, bouldering, 
speed, and aid climbing. In many instances, the 
style in which a route is climbed and the diffi-
culty of the route itself became more important 

than reaching the summit itself [9]. Style refers to 
either free climbing, which is defined as a climb 
completed using only the rock face formations, 
or aid climbing, in which various devices such as 
a sling ladder can be anchored into the wall in 
order to assist the ascent [10]. Simultaneously to 
the developments in sport climbing, the moun-
taineering routes became increasingly challeng-
ing, both mentally and physically, and started to 
fall into the definition of extreme climbing.

The basic idea of “free climbing” probably 
originated from the Elbsandstein region in the 
Eastern part of Germany, where the modern 
style-oriented free climbing approach has been 
used for over 100  years. In the Elbsandstein 
region, the use of pitons and bolts for upward 
ascent was considered cheating, so only the ath-
lete’s hands and feet could be used to scale a face. 
In 1918, Emanuel Strubich free climbed the 
“West Arete” at the Wilde Kopf, establishing the 
first free climb to be graded UIAA 7–, or 5.10 on 
the Yosemite decimal scale (YDS). It was a mon-
umental achievement upon which other free 
climbers like Berndt Arnold would build in the 
future. However, with the beginning of the Cold 
War, the East German climbing scene was lost to 
the rest of the world, and the concept of trying to 
“free” a climb disappeared with it [2].

In other climbing areas of the world, the sports 
of rock climbing and mountaineering went 
through a radical transformation in the late 1960s 
and early 1970s. The stone master generation of 
climbers in Yosemite Valley began looking at the 
route rather than the summit as the most impor-
tant part of the climb. With that, the style of 
climbing was brought into question, and the quest 
for ascending a route specifically by “free climb-
ing” was born. The rope, pitons, and new pieces 
of clean-climbing protection called nuts (and 
later friends) were soon being used to arrest a fall 
rather than to aid the ascent. The grades of diffi-
culty in free climbing consequently began to 
jump off the scale [2].

Two Americans, both climbing in relative 
obscurity to the well-known scene in Yosemite, 
made some of the biggest steps in free climbing. 
John Gill brought gymnastic skills and many 
gymnastics training techniques to the sport in the 
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early 1960s. Using the previously unseen gym-
nasts’ chalk to keep his hands free of sweat, Gill 
established boulder problems that would not be 
repeated for a decade or more. One of these prob-
lems, “The Thimble,” would be a four or five bolt 
sport route today and was undoubtedly the first 
UIAA 8, or 5.11+ YDS [2]. Tony Yaniro followed 
in his footsteps, approaching the sport with train-
ing techniques he had learned from the US 
Olympic Team. Yaniro approached training 
 systematically and used specially designed 
equipment, including an early version of the 
campus board, to improve his skills as a free 
climber. All of this training paid off in 1979 with 
the first ascent of “The Grand Illusion,” the 
world’s first UIAA 10- (5.13c YDS) [2]. In 
Central Europe, Reinhard Karl and Helmut Kiene 
opened the previously limited UIAA scale with 
their legendary first ascent of the “Pumprisse” 
(Fleischbankpfeiler, Wilder Kaiser). The seventh 
UIAA grade had finally also been climbed in an 
alpine environment. The British climber Jerry 
Moffat added the route “The Face” (Germany) to 
the tenth grade in 1983 before the German 
climber Wolfgang Güllich began to push the 
grades even higher. He established routes such as 
“Wallstreet” (UIAA 11-, 5.14b YDS) in 1987 and 
“Action Direct” (UIAA 11, 5.14d YDS) in 1993, 
a route that didn’t see a second ascent for years 
[2]. Most recently, Chris Sharma, Adam Ondra, 
and Alex Megos have further raised the bar with 
routes that are solidly graded in the UIAA 12 
(YDS 5.15) range. Adam Ondra’s route “Silence,” 
Flatanger, Norway, established in 2017, is cur-
rently considered the hardest rock climb in the 
world (UIAA 12, YDS 5.15d).

1.2  Terminology

The vocabulary of rock and sport climbing uses 
many different terms both for its subdisciplines 
and for the various ways a in which a climb is 
ascended. Rock climbing is a multidiscipline 
sport and as such, different levels of risk must be 
considered. The risks depend on the subdisci-
pline examined, the climber’s experience and 
skills, the grade of a route’s difficulty, equipment, 

climbing surface (type of rock or ice, artificial 
indoor wall, scree), remoteness of location, alti-
tude, and weather [11]. It is common for climbers 
to regularly participate in more than one climbing 
subdiscipline, raising the overall participation 
time in the sport and subsequently increasing the 
risk of injury. In the following paragraphs, the 
various subdisciplines will be discussed in fur-
ther detail.

Sport climbing or free climbing (Fig. 1.1) is 
similar to gymnastics in many ways. It requires a 
combination of flexibility, finger strength, overall 
upper body strength, and endurance in a manner 
dictated by the route climbed. The climbing is 
slightly prescriptive as the climber ascends 
toward mostly permanently fixed anchors, such 
as predrilled bolts, to clip their rope into for pro-
tection. The route length can range from 10  m 
over 100  m with fixed anchors usually placed 
2–5 m apart. Falls are frequent, are practiced, and 
are mostly harmless and considered a common 
part of the discipline (Fig. 1.2). Physical hazards 
(rock fall, weather changes, etc.) are minimal, 
and neglecting to wear a climbing helmet is 
widely accepted. The term free climbing is often 
misused and misunderstood; it reflects the fact 
that the climber does not use any artificial aid but 
climbs a route from ground to top without load-
ing the belay equipment (rope, quickdraws, etc.). 
The climber does not pull or rest on gear and 
bolts, not climbing unprotected but free from 
technical aid. Climbing a route without any pro-
tection is referred to as “free solo climbing,” 
whereas “solo climbing” is defined as a single 

Fig. 1.1 Sport climbing. Photo Kilian Reil
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person completing the climb, protected by rope 
and gear in a very specialized technique. The 
opposite of free climbing is aid climbing, in 
which hooks, pitons, bolts, and other kinds of 
gear are used as active aid to ascend a route. A 
sport climb (free climb) is only counted as com-
pleted if it is performed as a so-called redpoint, 
defined as having climbed the route from the bot-
tom to the top and without loading the belay 
devices. If a climber climbs a route on the first try 
without any prior knowledge of the route, it is 
called “on sight”; if the route is climbed on the 
first try with information on the route (e.g., seen 
someone climb it, analyzed video footage, etc.), 
it is called a “flash” ascent. Climbing a route with 
rope protection from above is called “top rope.”

Bouldering is defined as ropeless climbing 
involving a usually short and low sequence of 
powerful and technical moves to complete the 
graded route on large boulders at a height from 
which the climber can safely jump down. 
However, these boulders can be up to 10 m high, 
classifying these as a “highball boulder.” 
Bouldering (Fig. 1.3) can be performed without a 
partner and with minimal equipment—climbing 
shoes and a crash pad (a portable mattress for fall 
protection). Falling onto one’s feet or body is 
common in bouldering, whether a route is com-
pleted (defined as “topped”) or not.

Traditional (alpine) climbing emphasizes 
the skills necessary for establishing routes in an 
exploratory fashion outdoors, performed nor-
mally in a group of two climbers. The lead 
climber typically ascends a section of rock while 

placing removable protective gear where possi-
ble along the climb (Fig.  1.4). Therefore, falls 
can be much longer than those experienced when 
sport climbing. Unreliable fixed pitons may 
occasionally be found on older established 
routes. As physical hazards are likely, the use of 
a helmet is considered mandatory (Fig.  1.5). 
Above altitudes of around 2500 m, physiological 
altitude-induced adaptations must also be fac-
tored into the climbs [11].

Indoor climbing is performed on artificial 
structures that try to mimic outdoor climbing in a 
more controlled environment. As physical haz-
ards are almost totally eliminated, indoor climb-
ing has become an extracurricular sport in many 
countries. National and international competi-
tions are held on indoor walls and involve three 
major disciplines—lead climbing (i.e., sport 
climbing), speed, and bouldering (Fig.  1.6). 

Fig. 1.2 Normal falls into the rope are frequent and 
trained for in modern sport climbing. Photo Kilian Reil

Fig. 1.3 Bouldering. Photo Enrico Haase

Fig. 1.4 Traditional climbing. Alex Luger in Moab, 
USA. Photo Archive Adidas
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Bouldering is performed above thick foam mat 
flooring, speed climbing in top rope, and lead 
climbing in an on-sight style [11].

1.3  Grading

The most common of the many various grading 
scales are the UIAA, the French, and the Yosemite 
decimal scale. In bouldering, different grading 
scales exist; the French Fontainebleau scale (Fb 
scale), and the US Vermin scale (Hueco scale or 
V-scale) are the most important. For scientific 
analysis, the decimal UIAA scale [12] or the 
International Rock Climbing Research 
Associations scale [13] is recommended.

1.4  Equipment

In the early times of climbing, classic heavy moun-
taineering boots were worn for climbing in alpine 
regions as well as on rock faces. The first real 
climbing shoe (the EB) with a friction sole only 
entered the market at the beginning of the 1980s. A 
common characteristic of all climbing shoes is that 
they have to fit very tightly in order to obtain opti-
mal contact to the rock, which often leads to health 
problems, such as callosity, toenail infections, or 
even long-term conditions such as hallux valgus 
deformities [14]. The introduction of bolts was an 
important factor for the explosive development of 
the sport climbing grades; falls into the rope are 
now common for sport climbers [15]. The structure 
of climbing harnesses also has changed dramati-
cally, from the combination of a chest and seat har-
ness traditionally used in mountaineering to the 
pure seat harness currently used sport climbing 
[15, 16]. This allows injury-free falls with the max-
imum freedom of movement while climbing. 
Modern belay devices are semiautomatic, targeting 
the reduction of human error while belaying. 
Nevertheless, the correct techniques of lead and 
boulder falling, spotting, and belaying are essen-
tial. The bolts, ropes, harnesses, and other equip-
ment used for climbing should be approved by the 
UIAA safeties commission [17]. In bouldering, 
crash pads, portable foldable mattresses with vari-
ous foam layers, are placed underneath the climber 
to protect the falls (Fig. 1.7). “Spotting” is also an 
important component injury prevention, in which 
other climbers protect the falling climber by direct-
ing the climber’s fall toward the mats in order to 
minimize the severity of the impact. There have 
also been reports of injuries to the “spotter” caused 
by the falling climber (Fig. 1.8).

Fig. 1.5 Alpine climbing. Mayan Smith-Gobat, El 
Capitan, Yosemite Valley, USA. Photo Archive Adidas

Fig. 1.6 Indoor bouldering. Photo Kilian Reil

Fig. 1.7 Crash pads for injury prevention in bouldering. 
Photo Enrico Haase

V. Schöffl
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1.5  Competition Climbing

Since the 1970s, speed climbing competitions 
have been held regularly in East European 
regions. In the mid-1980s, climbing competitions 
became more frequent, with the first ever German 
Climbing Championship held in 1985  in a beer 
hall in Munich (“Salvator Keller”). The first, still 
unofficial World Championship took place in 
1991  in Frankfurt. Since then, World Cups, 
national and international, championships have 
taken place regularly. The World Championships 
in Munich in 2005 already hosted more than 500 
participants from 55 countries. The international 
body of competition climbing is the International 
Federation of Sport Climbing, founded in 2009 in 
Paris. Parallel to these official IFSC competi-
tions, various large events, so-called masters are 
also held, receiving substantial media coverage, 
such as the “Adidas Rockstars” event in Stuttgart, 
Germany, or the “Rockmasters” in Arco, Italy. 

All competitive events are performed on artificial 
walls, both indoors and outdoors. The increased 
presence of climbing as a competition sport peaks 
with the inclusion into the Olympic program of 
Tokyo 2020 and Paris 2024.

1.6  Disciplines

Three disciplines are currently being held in 
national and international competition formats: 
lead (climbing with rope protection), speed 
(maximum speed climbing on a standardized 
route in one-on-one mode), and bouldering 
(climbing at lower heights with matrass floor pro-
tection). In addition, a triathlon of all three disci-
plines (Olympic Combined) has been launched 
recently, representing the Olympic competition 
format. In addition to the official disciplines, vari-
ous other events such as marathon climbing or 
boulder nights have become increasingly popular, 
hosted mostly in local and regional competitions 
with a focus on entertainment and recreational 
sports. Some international master competitions 
are also offering new disciplines such as “duel 
climbing” or “after work” formats. In “duel 
climbing,” both athletes compete on identical 
routes, either in boulder or lead, similar to the 
classic speed climbing competitions. In the “after 
work” format, climbers have the chance to prac-
tice the route for a certain time frame prior to the 
competition and have one “redpoint” attempt for 
the final competition. The three standard competi-
tion disciplines will be further explained below.

1.7  Lead Climbing (On-Sight)

In lead climbing, the athletes rope climb a route 
on-sight as far as they can, ideally all the way to 
the top of the artificial competition wall. 
International competition routes are a minimum 
of 15 m in length and are set specifically for the 
event by certified route setters. Prior to climbing, 
all athletes participate in a collective route inspec-
tion lasting 6 min. The athletes are then placed in 
an isolation zone until their turn to climb, 
 guaranteeing that they cannot see how the other 

Fig. 1.8 Spotting in bouldering. Photo Kilian Reil

1 Introduction
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climbers attempt the route and removing an 
unfair advantage for the later climbers. All climb-
ers have the same time limit of 6–8 min on the 
route. The first criterion for the result is the over-
all climbing length, measured to the last hand-
hold the climber held. If there is a tie based on 
progress up the route, the time taken to reach the 
hold determines the ranking (Fig. 1.9).

1.8  Bouldering

Bouldering is performed without a rope above 
thick foam mats, usually at a height from which 
the climber can safely jump down. The boulder 
problems are also set specifically for the compe-
tition and are between 3 and 4 m high. The results 
are calculated based on the number of completed 
boulders, number of bonus holds reached (earlier 

called “zone”), and the number of attempts to 
complete the boulders as well as the number of 
attempts to reach the bonus holds. A bonus hold 
is usually a hold halfway through the boulder 
problem and is specially marked [18] (Fig. 1.10).

1.9  Speed

The overall goal of speed climbing is to top-rope 
climb to the top of the route and to hit the buzzer 
before the opponent. Per round, two climbers 
compete against each another on identical adja-
cent routes in a knockout system. Both climbers 
climb both sides once with a short break in 
between. The times from both ascents are 
summed and the faster climber reaches the next 
round. In contradiction to lead and boulder, the 
speed routes have remained exactly the same 

Fig. 1.9 German Championship Lead Climbing (DAV, 
German Alpine Club). Photo Marco Kost

Fig. 1.10 Competition bouldering at “Adidas Rockstars.” 
Photo C. Waldegger

V. Schöffl
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since the 2005 World Championships, with 
 standardized wall angulation, normed handholds, 
and either 10- or 15-m length. This standardiza-
tion allows for the times to be compared over all 
competitions and for world records to be set [18] 
(Fig. 1.11).

In addition to these standard disciplines, 
climbing is constantly developing and new dis-
ciplines are evolving. “Deep-water soloing” or 
“psicobloc” is a new subdiscipline in which 
routes are free solo climbed above water, usu-
ally oceans. These attempts often end in spec-
tacular falls into the water below. There are also 
psicobloc competitions held on artificial walls 
above public pools. Additionally, solo and speed 
big- wall ascents are evolving and drawing atten-
tion from the media. As climbing doctors, we 
need to adapt to the dynamic evolution within 
our sport, which consequently presents us with 
new pathologies and injuries. This is the fasci-
nating part!
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2.1  Introduction

Accurate estimates of injury burden are required 
to develop appropriate preventative and rehabili-
tative strategies. Many studies have already pre-
sented injury analysis for sport climbing, 
bouldering, and alpine climbing [1–22]. 
Unfortunately, many studies fail to differentiate 
between the various types of climbing disciplines. 
Some studies focus specifically on indoor climb-
ing [16, 17, 23–25] or competition climbing [17, 
22, 26, 27]. Concerning the specific injury inci-
dence rate, sports medicine performs analyses of 
the injury risk per 1000 h of sports performance, a 
procedure which can be difficult in climbing, as 
the climbing time of a single climbing day is more 
difficult to analyze than the 90 min of play during 
a soccer game [28–30]. In other mountain sport 
activities such as high- altitude mountaineering, 
injury risks differ largely from those present in 
climbing [28–30]. To objectively analyze and 
compare injuries from different sports, a common 
scoring system for the grading of the injuries is 
essential. In general, there should be a distinction 
between overstrain (overuse) injuries and acute 
injuries or accidents when assessing whether a 
sport is “high-risk” or not.

Overstrain injuries are usually less severe and 
can generally be avoided with informed training. 
An examination of the injury rate for acute sport- 
specific injuries, especially their severity, is cru-
cial. When considering the question of whether a 
sport is high-risk, overstrain injuries are to be 
neglected. A standardized scoring scale is essen-
tial to compare injury risk and severity.

2.2  Injury Grading and Scoring

In classic outdoor rock climbing, the historic 
studies of Schussmann et al. [3] and Bowie et al. 
[2] were the first to grade registered injuries with 
a scoring model (ISS-score) to investigate the 
connection between specific injury risk and 
climbing days [2] or climbing time [3]. 
Unfortunately, the ISS-score showed weak valid-
ity for injuries in a self-recall [31]. Other studies 
used the NACA score (National Advisory 

Committee for Aeronautics) [29, 32–34] or other 
general trauma scores. The NACA score, which 
originated in the field of aviation rescue, is the 
most popular pre-hospital emergency medical 
score in Germany and is an essential part of the 
pre-hospital emergency rescue documentation 
[35]. In Europe, this scale is also recommended 
internationally for alpine trauma and its evalua-
tion [36]. The disadvantage of the NACA score is 
that it is a pre-hospital score and does not con-
sider the final patient outcome. A NACA score of 
3–6 can either have a good or a fatal outcome and 
is therefore not appropriate [30]. An inter-study 
comparison both within the sport and with other 
sports is difficult to execute since many studies in 
the past used different scoring models. All of 
these scoring systems have proven flawed for the 
evaluation of mountaineering and climbing inju-
ries [28, 34], as they do not present treatment out-
come, give sport-specific references such as 
climbing grades, or assess the climbing risk. 
Therefore, the Medical Commission of the UIAA 
(Union Internationale des Associations 
d’Alpinisme) developed its own scoring model 
which allows a sport-specific injury grading [30] 
(Table  2.1). This score was recommended for 
climbing and mountaineering injury and accident 
analysis to guarantee an inter-study comparabil-
ity. In an extension of this classification, the IFSC 
(International Federation of Sport Climbing) pre-
sented their own scoring model analyzing the 
World Cup injuries in 2012 [17]. For a fatality 
analysis in climbing and mountaineering acci-
dents, the UIAA Medical Commission also pre-
sented a risk classification [30] (Table 2.2). This 
is comparable to the British “E” scale of climbing 
risk, which considers not only the physical 
demand of the climb but also its danger, expo-
sure, and rock quality.

In order to compare the risk of injury between 
climbing sports and other sports, studies should 
calculate an injury risk per 1000  h of sport- 
specific performance (time-related injury risk, 
morbidity rate) as this measure is increasingly 
used in scientific analysis. As sport-performance 
time analysis in climbing presents some diffi-
culty, the UIAA Medical Commission (UIAA 
MedCom) proposed the following:

V. Schöffl et al.
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“If the hours are not collected for individual rock 
climbing days, each day can be calculated as four 
hours for sport and traditional climbing, eight hours 
for alpine climbing, two hours for indoor climbing, 
six hours for ice climbing and sixteen hours for an 
expedition day. The sixteen-hour expedition day 
estimate is based on twelve hours of climbing time, 
four hours of camp activity and eight of hours sleep 

and reflects the very small risk of an injury being 
sustained during camp time and sleep (e.g. ava-
lanche). All of these hours (especially for the expe-
dition day) are estimations and have been agreed 
upon by the UIAA Medical Commission to enable 
calculations of injury risk per 1000 hours of sport-
specific performance” [30].

Other concepts use a climbing intensity score 
(CIS) [37] or calculate athletic load. The latter 
combines weighted operation measures of per-
formance including frequency of ascent, specific 
climbing behavior, grade of difficulty, and rate of 
perceived exertion (RPE) to produce an arbitrary 
unit [38].

Specific outcome scores have been proposed 
and implemented for the climbing-specific out-
come in analytic studies of injuries and therapeu-
tic concepts. Schöffl et al. [39] showed a functional 
as well as a sport-specific outcome score in the 
analysis of finger pulley injuries in climbers. This 
scoring system was later extended to include all 
finger injuries [40] (Tables 2.3 and 2.4).

2.3  Analysis of the Climbing 
Subdisciplines

For further analysis, an exact differentiation in 
between the various climbing subdisciplines is 
necessary. The geographic origin of the data 
also must be considered in order to account for 
the different situations present in various geo-
graphic regions and climbing areas. Serious 
climbing injuries may have a worse outcome in 

Table 2.1 UIAA MedCom Score 2011 (Schöffl et  al. 
[30])

Injury and Illness Severity Classification (IIC) – UIAA 
MedCom Score
0. No injury or illness
1.  Mild injury or illness, no medical intervention 

necessary, self-therapy (e.g., bruises, contusions, 
strains)

2.  Moderate severe injury or illness, not life 
threatening, prolonged conservative or minor 
surgery, outpatient therapy, doctor attendance within 
a short time frame (days), injury-related work 
absence, heals without permanent damage (e.g., 
undisplaced fractures, tendon ruptures, pulley 
ruptures, dislocations, meniscal tear, minor frostbite)

3.  Major injury or illness, not life threatening, 
hospitalization, surgical intervention necessary, 
immediate doctor attendance necessary, injury-
related work absence, heals with or without 
permanent damage (e.g., dislocated joint, fractures, 
vertebral fractures, cerebral injuries, frostbite with 
amputations)

4.  Acute mortal danger, polytrauma, immediate 
prehospital doctor or experienced trauma paramedic 
attendance if possible, acute surgical intervention, 
outcome: alive with permanent damage

5.  Acute mortal danger, polytrauma, immediate 
prehospital doctor or experienced trauma paramedic 
attendance if possible, acute surgical intervention, 
outcome: death

6. Immediate death

Table 2.2 Fatality Risk Classification (FRC) (UIAA 
MedCom (Schöffl et al. [30]))

I Fatalities are technically possible but very rare. 
No objective danger, e.g., indoor climbing

II Few objective dangers, fatalities rare, falls are not 
very dangerous, risk is mostly calculable, e.g., 
sport climbing, low elevation, and technically 
easy peaks

III High objective danger, risk is difficult to 
calculate, falls lead frequently to injuries, 
fatalities more frequent, e.g., traditional 
climbing, high Himalayan (7000–8000 m), or 
difficult peaks

IV Extremely dangerous, falls have a high fatality 
rate, totally unjustified to normal mortals

Table 2.3 Functional outcome after finger injuries in 
climbers (Lutter et al. [22])

Excellent: free range of motion, no objective strength 
deficit, normal motion pattern
Good: extension or flexion deficit of the PIP joint up 
to 10°, minor strength deficit, normal motion pattern
Satisfactory: extension or flexion deficit of the PIP 
joint up to 20°, clinical strength deficit, minor 
irritation of motion pattern
Fair: extension or flexion deficit of the PIP joint of 
more than 20°, major strength deficit, major irritation 
of motion pattern

PIP proximal interphalangeal joint
This score is based on the original functional outcome 
score after pulley injuries (Schöffl et al. [39])

2 Injury Statistics
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a developing country or a remote climbing loca-
tion when compared to an injury in the Alps or 
other areas with a well-developed mountain res-
cue infrastructure and optimal medical care [28, 
29, 41]. We are going to distinguish in the fol-
lowing as much as possible between alpine 
climbing (Fig.  2.1), sport climbing (Fig.  2.2), 
bouldering, indoor climbing, and competition 

climbing. For completeness, water ice climbing 
will be also presented.

2.3.1  Alpine Climbing, Sport 
Climbing, and Bouldering

Unfortunately, analysis of the literature shows 
that few studies differentiate precisely between 
these disciplines [42]. Therefore, these disci-
plines are investigated collectively. Many studies 
focus on hand and finger injuries and only give 
little data concerning injuries [28, 29]. Looking 
at analyses of the most frequent injuries in climb-
ing, the injury distribution is very much depend-
ing on the participant selection. Buzzacott et al. 
[8] reported on the NEISS database (US) for the 
years from 2008 to 2016. The NEISS database 
reports all emergency medical patients of the US 
NEISS hospitals, which then can be analyzed 
through keyword tracing (e.g., “climbing”) [43]. 
Buzzacott et al. [8] found that 47% of all injuries 
are to the lower extremities and are mostly frac-
tures and sprains. This finding is similar to the 
prior years of 1990–2007 in the NEISS database 
as shown by Nelson et al. [43]. These data collec-
tions do not account for minor and very sport- 
specific injuries (e.g., finger pulley injuries or 
finger joint capsulitis), as affected patients nor-
mally do not present to an emergency depart-
ment, but will be seen in specialized 

Table  2.4 Sport-specific outcome score after finger 
injury in climber (Lutter et al. [22])

Excellent: full load capacity of the former injured 
finger after 12 months (with or without tape), no 
subjective strength deficit of the former injured finger, 
regain of full climbing ability/pre-injury climbing 
level, no pain
Good: full load capacity of the former injured finger 
after 12 months (with tape), subjectively minor 
strength deficit of the former injured finger, regain of 
full climbing ability/pre-injury climbing level, minor 
pain
Satisfactory: minor restricted load capacity of the 
former injured finger after 12 months (with tape), 
subjectively strength deficit of the former injured 
finger, regain of full climbing ability/pre-injury UIAA 
climbing level minus one UIAA grade, minor pain
Fair: major restricted load capacity of the former 
injured finger after 12 months (with tape), strength 
deficit and restricted ability to use the former injured 
finger while climbing, major decrease in climbing 
ability and grade, frequent pain
Poor: climbing is not possible anymore

This score is based on the original sport-specific outcome 
score after pulley injuries in climbers (Schöffl et al. [39])

Fig. 2.1 Alpine climbing with objective danger (rock 
fall, weather conditions) and potential long falls due to 
mostly clean protection with nuts and friends. (Credit: 
Archive Adidas Terrex)

Fig. 2.2 Sport climbing with low risk of objective dan-
ger. (Image credit: Michael Simon)

V. Schöffl et al.
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sport-orthopedic centers. Looking at our data-
base of climbing-specific patients over various 
time frames, we mostly see overstrain injuries to 
the upper extremities, mostly to the hand, fingers, 
and shoulders [15, 22, 44]. This corresponds with 
the findings of many other studies which state 
that 58–67% of the injuries are to the upper 
extremities, examining climbers in cross- 
sectional and longitudinal studies [4–6, 9, 10, 12, 
37, 44, 45]. Nevertheless, our data also have a 
selection bias, as we see many climbers to pro-
vide a second opinion on very sport-specific inju-
ries (e.g., pulley injuries), whereas acute traumas 
(e.g., ankle fracture) receive primary treatment 
close to the geographic location of the accident or 
the patient’s residence. In conclusion, it can be 
said that most acute traumatic injuries (fractures, 
sprains) occur to the lower extremities, while 
most sport-specific injuries occur to the upper 
extremities and are often chronic and related to 
overstrain. Sport climbing injuries occur most 
frequently during lead climbing [1, 2, 4, 7, 9, 22, 
28, 29]. The most frequent cause of injury is a fall 
[1, 2, 4, 7, 9, 28, 29]. Looking at the subdisci-
plines, alpine climbing injuries are more likely to 
be to the lower extremities, usually caused by 
falls. In sport climbing, most injuries occur to the 
upper extremities, usually while performing a 
strenuous move [4, 6, 9, 10, 12, 46]. Bouldering 
shows an almost even injury distribution between 
fall injuries (sprains and strains) and overstrain. 
Josephsen et al. [47] found no difference between 
indoor and outdoor bouldering. Recently, an the 
incidence of bouldering injuries has increased 
[14]. The overall injury incidence is minor and 
was recently reported by Jones et al. [9] through 
a meta-analysis of eight studies with 2.7 ± 4.5 per 
1000 h of sport. These injury rates are lower com-
pared to those of motorcycling with 13.5 per 
1000 h of sport [48], soccer with 31 per 1000 h 
[49], handball with 50 injuries per 1000 h [50], 
ice hockey with 83 injuries per 1000 h [51], or 
rugby with 286 injuries per 1000 h of sport [52].

Concerning the injury severity, rock climbing 
studies show mostly minor injury severities 
(NACA-score 1 and 2) with a fatality rate of 
0–28% [1–3, 5, 6, 9, 44, 47, 53]. The vast span 
between these numbers must be further evaluated 

through ongoing studies and may reflect the bias 
of injuries recorded in the study. For alpine 
climbing, a 1988 study from Bowie et  al. [2] 
reported a rate of 13 fatalities out of 220 climbing 
accidents. Eleven climbers died on site and the 
overall “case-fatality-rate” was 6%. It needs to be 
stated that these data are over 30 years old and 
the safety equipment has largely improved since 
then, decreasing the injury risk [41]. Gatterer 
et al. [54] reported that the mortality during hik-
ing, trekking, and biking in the mountains was 
lower compared to that during paragliding or dur-
ing rock, ice, or high-altitude climbing. Traumatic 
deaths were more common in activities primarily 
performed by young adults.

Most studies are performed retrospectively, 
which frequently causes subsequent systematic 
errors in the fatality analyses [41]. Historically, 
older studies show higher grades of injury sever-
ity and higher fatality rates [1–3]; the only pro-
spective study on bouldering showed no fatalities 
at all [47]. These comparisons are hard to draw 
and have a high bias as the older studies examine 
high-altitude alpine terrain with high external and 
objective danger (e.g., weather, temperature, rock 
fall), whereas Josephsen [47] investigated boul-
dering, with negligible external dangers. He also 
found no difference in between indoor and out-
door bouldering, a finding which is also reported 
by Gerdes et  al. [6]. Climbing frequency and 
climbing level correlates positively with the inci-
dence of overstrain injuries in many studies [9, 
15, 19, 23, 53, 55]. Only a few studies did not 
show this correlation [56]. In summary, 
Schussmann [3] had already concluded in 1990 
that rock climbing has a lower injury risk than 
football and horse riding, with the obvious differ-
ence that the latter sports rarely result in fatalities, 
although this is arguable for horse riding [57].

2.3.2  Indoor and Competition 
Climbing

Several studies explored injuries and injury rates 
in both indoor climbing and indoor competition 
climbing. Wright et  al. [23] evaluated the fre-
quency of overuse injuries during the 1999 indoor 
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World Cup Championships (n = 295), in which 
44% of the respondents had sustained an overuse 
injury and 19% had sustained an overuse injury 
at more than one site. Wright et al. [23] found an 
independent correlation to increased injuries 
(p < 0.01) when climbing harder routes, boulder-
ing or leading versus top rope climbing, and 
climbing for over 10 years. Multivariate analysis 
removed the effect of sex as an independent 
predictor.

Jones et  al. [55] similarly found increased 
numbers of overuse injuries or injuries caused by 
strenuous moves and fewer from fall-related inju-
ries than in traditional and outdoor sport climb-
ing [1, 2, 4, 7]. Two large-scale studies [24, 25] 
analyzed indoor climbing injuries. Limb’s survey 
reported 55 accidents and no fatalities from 1.021 
million climbing wall visits [25]. Schöffl and 
Winkelmann prospectively surveyed 25,163 reg-
istrants at ten climbing walls [24]. Only four sig-
nificant injuries (NACA 3) were found, and no 
fatalities occurred; the injury risk per visit was 
0.016% or 0.079 injuries per 1000  h of perfor-
mance [24]. A higher injury risk rate of 3.1 per 
1000  h was found at the 2005 World 
Championships [26], during which eighteen 
acute medical problems were treated, including 
13 cases of skin bruises. The IFSC Medical 
Commission evaluates all of its competitions and 
has published the results of the 2012 World Cups 
[17]. Overall, they counted 1362 climbing days 
(3405 h) of lead climbing, 1083 days (27,075 h) 
of bouldering, and 255  days (6375  h) of speed 
climbing. Only five notable injuries occurred; all 
were grade 2 injuries. The overall injury risk was 
0.74 per 1000 h. The injury risk in lead climbing 
was 0.29 per 1000 h, 1.47 per 1000 h in boulder-
ing, and zero for speed climbing (Fig. 2.3).

In summary, these indoor climbing studies 
demonstrated a minor injury risk and severity in 
comparison to traditional climbing and various 
other sports [24–26]. Overuse injuries were com-
monly reported in the upper limbs, with the fin-
gers being mostly affected.

No study reported a fatality rate, even though 
fatalities do occur when climbing indoors. The 
cause of these rare fatalities need to be investi-
gated in future studies to determine whether 

climbing misadventure or pre-existing comor-
bidities contribute significantly to any death [58].

Nevertheless, some of these findings may 
need to be re-evaluated or are in progress of 
change. Just recently, we reported an increase of 
injury severity in indoor bouldering, mostly in 
beginners (“newbie syndrome”) (Fig.  2.4) [14]. 
This increase comes parallel to the advent of 
many new modern bouldering gyms. Up to about 
5–7 years ago, most indoor gyms were classical 
rope climbing gyms or bouldering gyms in a tra-
ditional way. As these traditional bouldering 
walls are already referred to as “old style,” we 
will continue to use this term. “Old style” boul-
dering gyms have a large number of holds in a 
grid style on wooden panels (Fig. 2.5). While this 
high density of holds allows a high variety for 
training in limited space, it also demands that the 
climber independently finds and defines the 
routes for training. Even though this is still con-
sidered to be an effective training method, it 
holds little interest for recreational climbers and 
beginners.

Within the last 5–7  years, a vast number of 
modern “new style” bouldering gyms have 
evolved with a completely different approach and 
set-up. Boulder problems are preset in various 
colors which reflect the grade (Fig.  2.6). These 
grading colors vary between the gyms. This style 
is rewarding even to the newest boulderers (“new-
bie”) because it provides an immediate sense of 
accomplishment. When these first “new style” 
gyms evolved in Europe, they not only quickly 
motivated boulderers from all over the area but 

Fig. 2.3 Elbow dislocation during a boulder competition. 
(Credit: DAV, German Alpine Club)
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also attracted former non-climbers. Currently, 
most of the bigger European cities have modern 
“new style” boulder gyms. These gyms are meet-
ing venues for competitive athletes to train, and 
plenty of fun competitions take place (Fig. 2.7). 
Furthermore, these venues also attract leisure 

climbers and beginners due to the aforemen-
tioned immediate success experienced when 
reaching the top. Thus, it is common that staff 
outings, manager meetings, and children’s birth-
day parties are being held in boulder gyms. This 
causes a new injury mechanism, which we called 
the “newbie” syndrome.

Many beginners are absolutely untrained when 
they start climbing. They lack the basic trained 
muscular system needed to stabilize the body, 
especially the skeletomuscular system. Due to 
this, a comparably minor fall can already cause 
major injuries. Additionally, the beginners’ equi-
librium, body perception, and control are less 
developed, resulting in a lack of control of the 
body position during falls and while landing. We 
are seeing an increased number of patients with 
higher-graded injuries from falls in indoor boul-
dering gyms. While falls in classic old- school 

Fig. 2.4 High-grade spine fracture due to boulder fall 
from minor height (1.20 m) in a beginner climber

Fig. 2.5 “Old school” style indoor bouldering wall

Fig. 2.6 New, modern bouldering wall with color-coded 
preset boulder problems. (Image credit: Enrico Haase)

Fig. 2.7 Competition at an indoor bouldering wall. 
(Image credit: Enrico Haase)
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boulder gyms are mostly onto the back and can be 
practiced, beginners are now falling from greater 
heights in an uncontrolled way, causing serious 
damage. Many of the athletes presenting with 
these injuries were new to the sport and had been 
climbing for less than 1 year [14].

In addition to the advent of boulder competi-
tions, the route setting recently changed to 
include more spectacular and acrobatic move-
ments. The new boulder problems are a combina-
tion of classical climbing and bouldering with 
elements adapted from parkour sports or acrobat-
ics. This evolution of climbing style demands dif-
ferent skills from the competition climbers 
compared to the climbers of the 1990s. Most 
climbing moves are dynamic, very three- 
dimensional, and heel hooks are frequently 
essential [59]. Reportedly, heel hooks have 
already caused an increase in knee and hip inju-
ries in climbers [59, 60]. The increase in dynamic 
and spectacular moves, many of them encom-
passing larger heights, is subsequently increasing 
the injury rate and severity, as falls are more 
unpredictable and more difficult to control [14, 
60]. Concerning injury prevention in the future, 
route setting, fall training for climbers, and com-
pensatory training in beginners should be consid-
ered [22, 61].

A recent study by Meyers et al. [62] analyzed 
speed climbing training in adolescents and found 
that training regularly at practices on the speed 
wall was associated with a self-reported history 
of finger growth plate injuries among elite youth 
competition climbers. These preliminary data on 
speed climbing injuries need further investiga-
tion, as only few prior studies reported about 
speed climbing [17, 26].

To further evaluate these trends, especially 
since climbing’s inclusion in the Tokyo Olympic 
program of 2021, we performed a single-center 
(Sportsmedicine Bamberg) injury surveillance in 
436 climbing patients with a total number of 633 
independent climbing-related injuries or com-
plaints over the recent years of 2017–2018 [22]. It 
was found out that 77.1% of the injuries affected 
the upper extremities, 17.7% the lower extremi-
ties, and 5.2% other body regions. Injury severity 
was overall low. The most frequent injuries overall 

were finger pulley injuries (12.3%) and finger 
tenosynovitis (10.6%). Acute injuries were 
detected in 43.9% of all injuries and chronic over-
use injuries in 56.1%. Bouldering accidents were 
the leading cause of acute injuries (60.4%). In 
comparison to our two prior study populations 
(1998–2001 and 2009–2012), we found (1) an 
overall decrease in upper extremity injuries, (2) an 
increase in lower extremity injuries, (3) a constant 
decrease of finger pulley injuries and epicondyli-
tis, (4) an increase in knee injuries and shoulder 
dislocations, (5) an increase in adolescents’ finger 
growth plate injuries, and (6) bouldering as the 
leading injury cause [22] (see Tables 2.5 and 2.6).

Table 2.5 shows the current trends within the ten 
most frequent climbing injuries and their dynamics 
over three different time spans in our database of 
climbing patients presented to our sports-medical 
center (Sportsmedicine Bamberg) [63].

Our current book focuses on sport climbing; 
nevertheless, a large number of sport climbers 
also practice other climbing disciplines, e.g., ice 
climbing. Insights and data on ice climbing epi-
demiology are also presented due to the overlap 
in training and outdoor execution of these disci-
plines (e.g., alpine climbing and ice climbing).

2.3.3  Ice Climbing

Ice climbing is experiencing an increased level of 
interest in the climbing community, especially in 
the form of water ice climbing on frozen water-
falls, glacier formations (ice caves), and also arti-
ficial outdoor ice climbing areas (e.g., Ouray 
Canyon, USA) (Fig.  2.8). Several years ago, 
Schöffl et al. had already evaluated 88 ice climb-
ers with a retrospective questionnaire on acci-
dents, injuries, risk management, and climbing 
frequency [34]. Sport activity time (ice climbing 
hours) was recorded, and the injury severity was 
analyzed using the NACA score. Mosimann [33] 
reported about 46 ice climbers who were rescued 
by the Swiss mountain rescue (Rega) after acci-
dents. Runer et al. [64] evaluated 70 ice climbers 
prospectively over 1 year, and Maskovskiy et al. 
[65] analyzed the ice climbing demonstration 
competitions at the winter Olympics in Sochi.
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All of these studies found mostly minor 
graded injuries. Schöffl et  al. [34] found that 
most of the acute injuries (61.3%) occurred while 
lead climbing and 23.8% while climbing second, 
and the rest was rare (6.3% belaying, 3.8% on 
return, and 2.5% on approach, other 2.5%). Most 
of the acute injuries (73.4%) happened in a water-
fall, few in glacier ice walls (11.4%) and on arti-

Table 2.5 Distribution of diagnoses in our climbing clinic (ten most frequent injuries) (Lutter et al. [22])

Injuries 2017–2018 
(n = 633) n %

Injuries 2009–2012 
(n = 911) n %

Injuries 1998–2001 
(n = 604) n %

Pulley injury 
(finger)

78 12.3 Pulley injury (finger) 140 15.4 Pulley injury (finger) 122 20.2

Tenosynovitis 
(finger)

67 10.6 Capsulitis (finger) 87 9.5 Epicondylitis 51 8.4

Capsulitis (finger) 49 7.7 Tenosynovitis 
(finger)

80 8.8 Tenosynovitis (finger) 42 7.0

Knee injury 45 7.1 SLAP tear 51 5.6 Strain finger joint 
capsule

37 6.1

SLAP tear 
(shoulder)

37 5.8 Epicondylitis 50 5.5 Skin abrasions 34 5.6

Impingement 
(shoulder)

34 5.4 Impingement 
(shoulder)

40 4.4 Back problems 24 4.0

Wrist strain 22 3.5 Strain finger flexor 
tendon

36 4.0 Knee injuries 14 2.3

Epicondylitis 21 3.3 Dupuytren disease 30 3.3 Fractures 14 2.3
Growth plate 
injuries (finger)

19 3.0 Strain finger joint 
capsule

25 2.7 Capsulitis (finger) 13 2.2

Spinal injuries 18 2.8 Ganglion finger 
flexor tendon

19 2.1 Ganglion finger flexor 
tendon

11 1.8

Table 2.6 Injury distribution according to body area as 
presented previously (data of trunk, spine, and pelvis 
merged). Values are n (%) (Lutter et al. [22])

Body area
2017–2018 
(n = 633)

2009–2012 
(n = 911)

1998–2001 
(n = 604)

Finger 261 (41.2) 474 (52) 247 (41)
Shoulder 128 (20.2) 157 (17.2) 30 (5)
Hand 49 (7.7) 119 (13.1) 47 (7.8)
Forearm 
and elbow

49 (7.7) 83 (9.1) 81 (13.4)

Lower leg/
foot

67 (10.6) 35 (3.8) 55 (9.1)

Knee 45 (7.1) 19 (2.1) 22 (3.6)
Trunk, 
spine, 
pelvis

34 (5.4) 21 (2.3) 43 (7.1)

Other – 3 (0.3) –

Fig. 2.8 Water ice climbing with a high risk of objective 
danger (rock and ice fall, avalanche risk, changing weather 
conditions, etc.)
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ficial ice walls (2.5%). Climber fall-related acute 
injuries amounted for 10.5%. Injuries were 
mainly open wounds (55.2%) and hematomas 
(21.9%), 71% were NACA 1, and no injury 
scored above NACA 3. The injury incidence was 
4.07 per 1000  h for NACA 1–3 with 2.87 per 
1000  h in NACA 1 and none in NACA 4–7. 
Overstrain injuries were mostly onto the shoul-
ders and had an incidence of 0.77 per 1000 h. The 
injury risk correlated significantly with the body 
mass index (p < 0.05). Overstrain injuries corre-
lated highly with the number of hours spent train-
ing (p  <  0.01), the ice climbing level (grade) 
(p  <  0.01), and the willingness to take risks in 
lead (p < 0.01).

Mosimann [33], reporting on 46 ice climbers 
rescued by the Swiss mountain rescue, found that 
31% had no injury (NACA 0), 42% had NACA 
2–3 injuries, 8% had NACA 4, 6% had NACA 5, 
and 13% (six climbers) had a fatal injury (NACA 
7). The most frequent cause of an injury was a 
fall (55%), though falls caused no fatal injuries. 
The percentile death risk (fatality rate), which the 
author defined as the percentile portion of deaths 
in reference to the sum of all known emergencies, 
was reported as 13% for ice climbing. The author 
claimed that the fatality risk was higher for ice 
climbing than in mountaineering (8%), ski moun-
taineering (7.5%), and rock climbing (4%) but 
gave no reference for these data. Runer et al. [64] 
found an overall higher injury rate of 9.8 injuries 
per 1000 h, with this risk being the highest in the 
group of intermediate ice climbers. It was lower 
for beginners and elite ice climbers. The most 
frequent injuries were skin damage, contusions, 
and sprains. During the Winter Olympics in 
Sochi (16 days), more than 2500 beginners and 
53 professional athletes climbed at a 17-m-high 
vertical artificial ice wall [65]. Injury incidence 
was overall low (0.83 per 1000  h). Again, the 
most frequent injuries which occurred were 
mostly minor, such as sprains, strains, and 
contusions.

While all of these studies show mostly minor 
graded trauma, serious injuries and fatal acci-
dents can and do happen.

The general death numbers in ice climbing 
can be analyzed through the injury and fatality 

reports of the various Alpine Clubs [34]. The 
Canadian [66] and the American Alpine Club 
[67] have statistically recorded and analyzed all 
mountain accidents since 1951. In the USA, up to 
the year 2005, there were 6111 incidents with a 
total of 1373 (12%) fatalities [67]. Two hundred 
fifty-four (4%) of the accidents happened in ice, 
though no further evaluation of the ice climbing 
injuries was given. Nevertheless, if 4% of all 
injuries occur during ice climbing, then 4% of the 
deaths can be assumed to be related to ice climb-
ing. This calculation yields a total of 55 fatally 
ice climbing injuries in 54 years, an average of 
one ice climbing fatality per year within the 
USA. The numbers for Canada are similar [66]. 
In 30 years, 92 mountaineers were injured while 
ice climbing, 30 fatally. Overall, the major ice 
climbing countries, Switzerland (up to 2006) and 
Canada (1951–2004), report approximately one 
death per year [33, 66]. Nevertheless, these num-
ber have increased in recent winters [34]. This is 
probably due to the fact that ice climbing itself 
has become much more popular.

2.4  Is Climbing a High-Risk 
Sport?

Meyers encyclopedia [68] defines extreme sports 
as the performance of exceptional sport disci-
plines in which the athlete deals with high mental 
and physical stress. If the sport contains an objec-
tive or subjective sensed risk of damage to health 
or life, it is considered a high-risk sport. Meyer’s 
definition is accurate, but it does not define any 
real risk from the athlete’s perspective. i.e., an 
experienced and highly skilled athlete is more 
likely to take and successfully manage higher 
perceived sporting risks compared to a novice 
[28]. Kajtna and Tusak [69] define high risk 
sports as any sport in which one has to accept the 
possibility of severe injury or death as an inherent 
part of the activity. In contradiction, Backx et al. 
[70] characterized high-risk sports as those per-
formed mostly indoors with a high jump or con-
tact rate, as present in volleyball or basketball.

Some authors substitute the terms “high-risk 
sport” and “extreme sports” or use these terms 
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interchangeably. Young [71] included climbing 
under the term “extreme sports,” together with 
inline skating, snowboarding, mountain biking, 
and others. Young stated that the category of 
extreme sports was fluid and the definition was 
inexact [71]. In support of Young’s view, it is not 
known what the selection criteria were for an 
“extreme sport” to be included in the popular “X 
Games” media event. Climbing was repeatedly 
represented in this annual event.

Sport disciplines that are performed by a large 
population are subjectively considered harmless 
[72]. Therefore, more mainstream sports such as 
soccer, handball, or rugby are not perceived or 
characterized as high-risk sports, even though 
they have a much larger risk of injury compared 
to climbing [28]. Kite surfing reported a modest 
injury rate (7 per 1000 h) in a 6-month prospec-
tive study (n  =  235) [73]. However, the injury 
incidence and severity rate was high and even 
recorded a fatality (124 injuries, 11 severe inju-
ries, and 1 fatal injury) [73].

When assessing whether climbing should be 
considered a high-risk sport, it is obvious that 
each climbing subdiscipline is associated with 
different levels and types of risk of injury and 
fatality [28]. When climbing outdoors, there may 
be many objective dangers and physical hazards, 
for example, variable rock and ice quality, 
extreme weather conditions, weapon-like equip-
ment (ice climbing), difficult approaches, and 
high mental and physical stress. In mountaineer-
ing, additional environmental factors can some-
times directly influence injuries and fatalities. 
These factors can include but are not limited to 
avalanches, crevasses, and altitude-induced ill-
nesses with neurological dysfunction. However, 
these situations can still be avoided or sometimes 
successfully managed (i.e., weather forecasts, 
training in alpine climbing rescue skills, obtain-
ing knowledge of local terrain, climbing permits, 
acclimatization and awareness of altitude- 
induced illnesses, access to helicopter mountain 
rescue, etc.). In contrast, the objective and exter-
nal dangers are greatly reduced in indoor and 
sport climbing, but there is still a very low risk of 
a fatal injury [28].

The vast majority of climbers manage the 
risks with their climbing experience and skills, 
thereby avoiding serious injuries or fatality. Sport 
climbing, bouldering, and indoor climbing, 
including competitions, cannot be considered as 
high-risk sporting activities. Nevertheless, the 
risk of a possible fatal injury remains. Alpine, 
ice, and expedition climbing are all included in 
the broader definition of high-risk sports.

Nevertheless, based on various non-coherent 
definitions, many sport disciplines fulfill some 
criteria of a high-risk sport, even if these are often 
not proven through scientific numbers [41]. It is 
the task of sports medical science to further ana-
lyze this, which requires exact definitions of 
high-risk sports and injury scores which need to 
be developed and evaluated. For inter-study com-
parisons, risk evaluations per 1000 h as well as 
the implementation of common injury score are 
important tools to enable a more coherent com-
parison. For studies on climbing, we propose the 
use of the UIAA-MedCom score [30] or the IFSC 
MedCom score [17]).

2.5  Conclusion

In contrast to the general opinion, climbing sports 
show a minor injury risk and severity in compari-
son to many other sports. Nevertheless, some 
climbing subdisciplines such as alpine climbing 
have higher graded injuries and fatalities. The saf-
est climbing activities are indoor, competition, 
sport climbing, and bouldering. Recently, there 
has been an increase in the reported number of 
injuries in indoor bouldering. This is based on the 
very dynamic movements of the sport and the vast 
increase in numbers of new beginner climbers.
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3.1  Anatomy

The flexor and extensor tendons must be looked 
at separately, and the lumbricalis muscles are yet 
another entity [1]. The complex movements of 
the fingers and wrist are only possible through a 
combined effort of the extrinsic and intrinsic 
muscles [2]. The extrinsic muscle system 
describes the muscles originating from the elbow 
and forearm and inserting into structures within 
the hand. The intrinsic muscles are situated com-
pletely within the hand. They are divided into 
four groups: the thenar, hypothenar, lumbrical, 
and interosseous muscles. In addition many ana-
tomical variants exist [3].

3.1.1  The Extensor Tendons

The long fingers have four common extensor ten-
dons as well as two tendons which are dedicated 
to a single finger—extensor indicis for the second 
digit and extensor digiti minimi for the fifth digit. 
The tendon of the extensor digiti minimi runs 
through the fifth tendon compartment, while all 
other tendons run through the fourth compart-
ment [1]. On the dorsum of the hand at the level 
of the metacarpophalangeal joints, there are 
many cross-connections known as the connexi 
intertendinei. At the proximal interphalangeal 
joint (PIP), the extensor tendons separate into 
two lateral reins and one central rein (tractus 
intermedius). The thumb has two extensor ten-
dons, the extensor pollicis longus (third extensor 
compartment) and the extensor pollicis brevis 
(first extensor compartment). Together, these ten-
dons form the so-called extrinsic system, tendons 
of muscles which originate proximal of the hand 
itself [1] but are moving the hand and fingers. 
The extrinsic system is supported by the intrinsic 
system, muscles originating within in the hand, 
the mm. lumbricales, the mm. interossei, and the 
thenar and hypothenar muscles [1]. The lumbri-
calis and interossei are exceptions as they origi-
nate from the flexor tendons themselves and end 
in the tendinous hood of the extensor tendons [4]. 
Their function is flexion in the metacarpophalan-
geal joint (MCP) and extension in the proximal 

(PIP) and distal interphalangeal joint (DIP) [1, 4, 
5]. The muscle bodies of the lumbrical muscles 
have many anatomical variants and often have 
one common muscle body for the muscles of two 
adjoining fingers, mostly for the fourth and fifth 
finger [3, 4, 6]. If one of these fingers is extended 
and the adjoining one is flexed, the common mus-
cle body receives shear force, which was reported 
by Schweizer as “quadriga” effect and leads to a 
“lumbrical shift” phenomenon [6] (Fig. 3.1).

3.1.2  The Flexor Tendons  
and Their Functional System 
with the Pulleys and Tendon 
Sheath

The flexor tendon apparatus has to be considered 
as a functional unit of tendons, tendon sheath, 
and pulley system [1]. The long fingers and the 
thumb differ with respect to the flexor tendons. 
The long fingers have two flexor tendons, the 
flexor digitorum profundus (FDP) and flexor 
digitorum superficialis (FDS) which run through 
the carpal tunnel and pulleys and intersect at the 
chiasm [1].

The one thumb flexor tendon (flexor pollicis 
longus) runs through the carpal tunnel, on the 
radial aspect of the forearm and then through an 
osteofibrous channel up to the base of the pha-
lanx and is reinforced by two pulleys [1].

The annular ligaments and the cruciate liga-
ments represent a reinforcement of the tendon 
sheaths. Thus, the tendons are guided in an osteo-
fibrous channel to the phalanges [7]. Five annular 
(A1–A5) and 3 weaker crucial ligaments (C1–
C3) can be distinguished [7, 8] (Fig. 3.2). Pattern 
and arrangement of these ligaments vary with a 
high diversity for the A3 and C1/C2 pulleys [8, 
9]. All pulleys have different functions in stabi-
lizing the flexor tendons at the palmar sides of the 
phalanges [8, 10–12]. The main function of the 
flexor tendon pulley system is to hold the flexor 
tendons close to the bone, thus converting linear 
force into torque resulting in rotation at the inter-
phalangeal (IP) and metacarpophalangeal (MCP) 
joints [13]. The A2 and A4 annular ligaments 
play the most important role in force transmis-
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sion and deflection of the flexor tendons [14–17]. 
A minor role is performed by the A1 and A5 pul-
leys, which are expandable [13]. However, the 
A3 pulley also controls the extent of tendon bow-
stringing as it is situated at the PIP joint and is 
thus more effective in maintaining the tendons 
close to the phalanges [18–21].

The pulley system keeps the tendons close to 
the bone. The force of the flexor tendons is trans-
ferred efficiently in flexion and hyperextension to 
reach the full range of motion [13]. A loss of one 
or several of the pulleys will cause an increased 
distance between the flexor tendons and the bone 

(tb = tendon-bone distance), which is called “bow-
stringing” and leads to a loss of strength and a 
decreased range of motion [7] (Figs. 3.3 and 3.4). 
These deficits are a function of the specific pulley 
or pulleys being ruptured. The bowstringing is 
minor, if only one pulley is ruptured and then can 
only be detected via ultrasound or MRI/CT imag-
ing. If more than one pulley is ruptured, the bow-
stringing is visible and palpable and also leads to a 
decreased range of motion in the PIP joint. The A2 
and A4 pulleys are believed to be the most impor-
tant ones in preventing bowstringing and thus 
ensuring optimal force transmission [12, 18, 22, 

Fig. 3.1 The “quadriga” effect of the lumbrical muscles [6]

Fig. 3.2 The finger 
flexor tendons pulley 
system

3 Anatomy and Biomechanics of the Hand
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23]. Over time the increased tendon bone distance 
after multiple pulley ruptures performs as an 
increased lever arm onto the center of rotation of 
the PIP joint, causing contracture. In addition to 
their mechanical function, the pulleys themselves 
are also important for nutrition of the flexor ten-
dons and actively secrete hyaluronic acid into the 
tendon sheath [10, 11] (Fig. 3.5).

The lumbricalis and interossei muscles are 
exceptions as they originate from the flexor ten-
dons themselves and end in the tendinous hood of 
the extensor tendons [4]. They are part of the 
intrinsic muscle system. Their function is flexion 

in the MCP and extension in the proximal (PIP) 
and distal interphalangeal joint (DIP) [1, 4, 5].

Blood supply of the flexor tendons is guaran-
teed through the “vinculae tendinae” in the region 
of the osseous insertion of the tendon as well as 
in the osteofibrous channel [1, 4, 5]. Venous 
drainage is performed through the same system 
[1]. Verdan [24] divided the flexor and extensor 
tendons into different regions of interest regard-
ing injuries, prognosis, and nutrition [25].

3.1.3  The Physis (Growth Plate)

The physis is situated between the epiphysis and 
the metaphysis of long bones. It enables the bone 
to grow and is only detectable in children and 
adolescents. When growth seizes after the end of 
puberty, the physes become fully calcified and 
cannot be detected any longer. The physis is the 
place of endochondral calcification. It is made up 
of chondrocytes, at different stages of differentia-
tion [26]. There are basically three different 
stages of different differentiation, termed zones. 
The chondrocytes in the resting zone replicate at 
a slow rate and replenish the pool of proliferative 
chondrocytes [27]. The chondrocytes in the pro-
liferative zone replicate at a high rate resulting in 
cells lining up along the long axis of the bone 

Fig. 3.3 Complete pulley system in a cadaver stress test 
in the biomechanical lab

Fig. 3.4 Torn A2 pulley in a cadaver stress test in the bio-
mechanical lab. The increased distance of the flexor ten-
dons to the bone is clearly visible, the A3 and A4 pulley 
are intact

Fig. 3.5 Electron microscopy of a pulley which secretes 
hyaluronic acid [1]
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[26]. Once the cells stop dividing, they differenti-
ate into hypertrophic chondrocytes increasing 
their height six- to tenfold, making up the main 
part of longitudinal growth [28]. The hypertro-
phic chondrocytes then calcify the surrounding 
extracellular matrix and produce factors that 
attract the invading bone cells and blood vessels, 
including vascular endothelial growth factor [29], 
before undergoing apoptosis.

3.2  Tendon Healing

Histologically, tendons consist of extremely long 
collagenous fibers which are arranged into bun-
dles. Similar to a rope ladder, elastic fibers and 
vessels are entangled in between those bundles 
[30]. To provide low friction during movement, 
tendons are covered by a paratendineum or a ten-
don sheath. Pulleys strengthen these sheaths 
along the phalanges. Friction plays an important 
role in the origin of injuries and chronic inflam-
matory diseases of the tendons, their sheaths and 
pulleys [10, 11, 31, 32]. Following an injury, 
healing processes emerge from the paratendin-
eum and the paratendinous tissue, necessitating a 
distinction of an extrinsic and an intrinsic healing 
process [5, 30, 32, 33]. Characteristic for an 
extrinsic healing process is a distinctive inflam-
matory response followed by proliferation and 
remodeling [1]. Fibroblasts of the paratenon play 
an important role in migration which leads to 
adhesions. Immobilization supports the adhesion 
process [32–36]. The intrinsic healing process, 
supported by movement of the tendon, is charac-
terized by immigration of “fibroblast like teno-
cytes,” which produce the collagenous tissue and 
carry out the remodeling process [30, 32–36]. 
The inflammatory response is minimal, the clini-
cal outcome better. This is the ratio of the widely 
recommended early passive movement therapy, 
which leads to a better nutrition and strength of 
the tendon [30, 32–36]. The following factors 
predict the tendon healing: age, overall health, 
scar formation disposition, motivation, injury 
risk based on Verdan’s zones [24], injury type, 
synovial containment, as well as the surgical 
technique [1, 32]. Three phases of tendon healing 

are defined. First, a migration of peripheral cells 
and invasion of blood vessels occur; second, the 
tendon and surrounding tissues heal. Remodeling 
happens in the third phase of healing due to 
movement and function of the tendon [37].

The tendon gains its daily life-loading capac-
ity after 12 weeks of healing; sportive activities 
are allowed earliest 4  months past injury. The 
remodeling process can last up to 12 months [1].

3.3  Biomechanics

3.3.1  Pulleys

In climbing two main finger positions are used 
for holding small edges, the hanging and the 
crimping position (Figs.  3.6 and 3.7). 
Additionally, many other hand positions exist for 
the various other shapes of holds, be it indoors or 

Fig. 3.6 The crimping position transfers a high stress 
load onto the finger flexor tendon pulleys and onto the 
joint cartilage. (Photo by Kilian Reil)
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outdoors. Finger locks in crack climbing, under- 
clinging, one- or two-finger pockets, pinch grip, 
stacked fingers grip, etc. are also frequently used 
hand and finger positions. Lately the “half-crimp” 
(Fig. 3.8) became popular as it is apparently plac-
ing less stress onto the pulleys and cartilage of 
the finger joints [3, 13].

However, the crimp grip and the hanging finger 
position are the most common especially for hold-
ing on to small edges. In the crimp position, the 
distal interphalangeal joints are  hyper- extended, 
the proximal interphalangeal joints flexed, and the 
metacarpophalangeal joints extended. The wrist 
joint is extended to increase strength development 
for the finger flexion [38]. In the hanging finger 
position, the PIP, DIP, and MCP joints are flexed, 
while the wrist can be in any position from flexed, 
neutral, to extended. The crimping position helps 

to increase strength transfer in holding very small 
edges; thus, many climbers use it for these kinds of 
holds [39]. The crimping position leads to high 
pressure on the cartilage of the small finger joints 
and high stress on the pulley system. In the hang-
ing position, most stress is transferred to the pas-
sive structures, the tendons, joint capsule, and its 
ligaments. The half-crimping position has recently 
been recommended more and more often as it 
decreases the high stress of the full crimp, while it 
still allows good strength [40]. Two other finger 
positions lead to biomechanically based stress, the 
“stacked” finger position (Fig.  3.9), and the 
“mono” (one finger pocket, additionally also two 
finger pocket) (Fig.  3.10). In the stacked finger 
position, a shear stress is forced onto the MCP and 
PIP joint as well as to the connexus intertendineus 
of the extensor tendons. The mono (one finger 

Fig. 3.7 In the hanging finger position, the passive struc-
tures, the joint capsule, the flexor tendons, and the liga-
ments receive the highest load. (Photo by Kilian Reil)

Fig. 3.8 The “half-crimp” reduces the stress onto the fin-
gers. (Photo by Kilian Reil)
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pocket) and the two finger pocket positions lead to 
a high stress onto the joint capsule and the flexor 
tendons and due to the fact that the adjoint fingers 
are flexed, to develop more strength, to a “quad-
riga” effect of the lumbrical muscles [6, 40].

The main function of the flexor tendon pulley 
system is to hold the flexor tendons close to the 
bone, thus converting linear force into torque 
resulting in rotation at the interphalangeal and 
metacarpophalangeal joints [13]. A loss of one or 
several of the pulleys will cause an increased dis-
tance between the flexor tendons and the bone, a 
“bowstringing,” and leads to a loss of strength 
and a decreased range of motion [7, 18]. 
Figure  3.11 shows a clinical bowstringing and 
Fig.  3.12 a cadaver specimen after iatrogenic 
A2/3/4 rupture in our biomechanical lab. The 
clinical picture of a loss of function is depending 
on the respective injured pulley. The A2 and the 
A4 pulley are considered as the most important 
pulleys to prevent a bowstringing, while the A3 
pulley is weaker and more flexible, thus having a 
minor impact onto the flexor tendons course. It 
also does not insert onto the bone but on the pal-
mar plate.

The forces acting on the pulleys during climbing 
can be estimated using mathematical models which 
incorporate anatomical observations into mathe-
matical formulas [13, 41] (Fig.  3.13). The pulley 
deflects the tendon at the point of contact, and thus 

Fig. 3.9 A stacked finger position leads to shear forces 
onto the MCP and PIP joint as well as the connexus 
intertendineus

Fig. 3.10 The one finger pocket (mono) leads to a high 
stress onto the joint capsule and the flexor tendons and 
due to the fact that the adjoint fingers are flexed to a 
“quadriga” effect of the lumbrical muscles (Photo by 
Michael Simon)

Fig. 3.11 Clinical bowstringing in a A2/3/4 rupture
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the force acting on the pulley (FP) is a function of 
the angle between the tendon and the pulley (β) and 
the force developed in the tendon (FT):

 
F FP T= 
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Furthermore, there is a relative mismatch 

between the width of the phalanx and the width 
of the tendons which leads to differing forces 
according to this mismatch.
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Fi represents the force acting on the pulley 
insertion, LB and LT the width of the bone and 
tendon, and HT the height of the tendon.

And finally, pulleys have a certain potential to 
stretch when loaded so that the angle between the 
tendon and the pulley will decrease once the pul-
ley is loaded. Therefore, the stiffness of the pul-
ley needs to be considered when modeling the 
forces acting on the pulley during climbing [15].

Simplified, it can be concluded that once the 
finger is flexed, the angle between the pulley and 
the tendon decreases, and the force acting on the 
pulley increases. This in turn signifies that a 
crimp grip position leads to higher forces acting 
on the pulley system than a hanging finger posi-
tion. The higher the mismatch between the  tendon 
and the bone width is, the higher the forces acting 
on the pulley.

Consequently, a maximum flexion in the PIP 
joint leads most frequently to a pulley rupture. 
These high forces are obviously happening dur-
ing climbing but can also happen during other 
activities while stressing the fingers in a crimp 
grip position (e.g., lifting heavy items) [42]. The 
pulleys which are located around the PIP joint 
(A2, 3 and A4) are the ones which are mostly 
affected [31], but also singular c pulley injuries 
are reported [43].

The smaller this angle becomes, the higher the 
force is onto the respective pulley [13].

Butcher and Jenny [44] mathematically ana-
lyzed forces in various finger positions and found 
a force of 599 N on the pulley system with a PIP 
joint flexion of 135°. Biomechanical analyses of 
Bollen [22] estimated forces up to 450 N acting 
on the A2 pulley, and a model by Roloff et  al. 
[13] calculated forces of 268 N for the A4 pulley 
in the crimp position, to be 268.8 N. Considering 
these high forces acting on the pulley system, the 
maximal tear load of pulleys needs to be consid-
ered. Lin et al. [45] found a maximal tear load of 
the A2 pulley of 400  N, while Widstrom et  al. 
[46, 47] found 137 N. Even though these mea-
surements show a wide variety, these results 
show that the forces estimated to act on the pul-
leys in the crimping position are very close to 
their biological tearing force in vitro. If, in addi-
tion to these high forces, the climbers hand slips 
off a hold or a foot comes loose, the biological 
strength of the pulley system is bound to fail.

Most cadaver studies on pulley failures used 
concentric forces onto these pulleys, mostly in 

Fig. 3.12 Bowstringing in a cadaver finger in the biome-
chanical lab
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Fig. 3.13 Important for the force onto the A2 pulley (Fp) 
is the angle ß, which depends from the flexor angle of the 
PIP joint [13]

V. Schöffl and I. Schöffl



35

behalf of pulling onto the pulleys until they tore 
[10]. Nevertheless, this may not be the real stress 
leading to rupture. Most injured climbers report 
that the movement leading to their pulley rupture 
can be described as an eccentric movement: pas-
sive opening of the hand, slipping off a foothold 
with a sudden increase of force on the pulley sys-
tem, or a strength deficit while trying to hold onto 
a hold [39, 48, 49]. The analysis of a normal 
movement pattern in climbing shows that there is 
a pulling, concentric movement of the arm, with 
flexion of the elbow, but higher up the chain, 
there is an eccentric movement of the PIP joint; 
the fingers are slightly opening up. Many climb-
ers report that the injury occurred at the end of a 
longer climbing day, when trying to hold an edge 
in a tired state with the consequence of not being 
able to maintain the crimping position. This in 
turn leads to an opening of the fingers [7]. In fur-
ther cadaver studies, we therefore examined pul-
ley ruptures during concentric versus eccentric 
movements, as well as in hanging versus crimp-
ing position [10, 11]. We found that pulley rup-
tures happened more easily during an eccentric 
movement than during a concentric movement 
(failure load: eccentric movement, 237  N on 
FDP, concentric movement 354 N on FDP) [10]. 
The reason for this discrepancy between concen-
tric and eccentric loading is probably due to fric-
tion between tendon and tendon sheath/pulleys. 
Studies on birds and bats have shown that the 
inner coating of their pulleys, facing the flexor 
tendons, has an explicit rough surface. As a con-
sequence of the high friction in between this 
rough inner surface and the flexor tendons, these 
animals can hang passively on their claws, with-
out active muscular activation. Similar mecha-
nisms could be shown for birds [50].

Examinations of human pulleys via electron 
microscopy show similar patterns in humans. 
Schweizer [31] was able to measure this increased 
friction in human pulleys and their possible cor-
relation to pulley rupture in an in vivo study. In 
conclusion, it can be said that friction underneath 
the pulleys is an advantage for a climber, as this 
will increase flexor strength. However, an 
increased friction between the inner surface of 

the pulley and the tendons may be the reason why 
some climbers are more prone to pulley injuries 
than others. The obvious downside in “rough” 
pulleys and great finger strength is the higher 
incidence of pulley injuries in these people.

Even if the mathematical determined force 
values as well as the pulley tear forces in the 
cadaver models can only be partially transferred 
into the dynamic pulley flexor tendon system 
in  vivo, these findings clearly show that in a 
crimping position the forces acting on the flexor 
pulleys are close to their tearing strength [7]. This 
explains the fact that a pulley rupture is one of the 
most common climbing-specific diagnoses. 
These high forces which are certainly occurring 
in climbing can also happen in daily live activi-
ties, e.g., lifting a heavy item [42]. The youngest 
patient with a pulley lesion was a 2.5-year-old 
girl, injuring her finger while playing in a sand 
box and her brother stepping onto the finger, 
while she was pulling it away.

The ring finger is most often concerned in pul-
ley ruptures followed by the middle finger and 
the other fingers [7], which can possibly also be 
explained through a biomechanical analysis of 
the movement pattern.

In the crimp position, the carpal joint performs 
in addition to an overextension an ulnar abduc-
tion [7]. Caused by this ulnar abduction in com-
bination with a mild supination while crimping, 
the ring finger receives the highest stress [51]. 
Especially as the ring finger is less powerful than 
the middle and the index finger, this rotational 
moment increases stress and injury potential to 
its pulleys [52]. Furthermore, the adjoint little 
finger is in most cases much shorter than the ring 
finger and therefore offers little support to the 
ring finger. Injuries to the index finger are rare, 
probably due to its decreased stress during the 
abovementioned supination. In crimping with the 
full hand, the middle finger is supported on both 
sides by the ring and index finger. The index fin-
ger is supported by the thumb which is often 
stacked on top of it, while nothing supports the 
ring finger. Pulley injuries to the middle finger 
are most frequent if the crimping is only per-
formed with two fingers [53].
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3.3.2  The Growth Plate

Fractures to the growth plate have previously 
been described in other sports on various anatom-
ical locations. The first cases were observed in the 
proximal humeral growth plate of young baseball 
players and have been termed the Little Leaguer’s 
shoulder [54–56]. The cause for this injury is 
believed to be a consequence of the whiplash 
action of the arm during a throwing movement 
[57]. As a consequence of repetitious throwing, a 
widening of the epiphyseal plate as in a Salter 
Harris I fracture [57] occurs. Therefore, most of 
the epiphyseal fractures observed in baseball are 
Salter Harris I fractures [55, 56]. After this first 
description of disruptions to the growth plate as 
chronic injury in baseball, stress fractures of the 
distal radius in gymnasts were being recognized 
on a regular basis [58–60]. The pathomechanism 
is believed to be complex rotational vaults [58, 
61]. As a consequence of this loading mechanism, 
the injuries most often observed are Salter Harris 
II stress fractures with an epiphyseal widening 
and irregularity and cystic changes of the metaph-
yseal aspect of the growth plate [58, 59, 61]. The 
climbing community only started reporting epiph-
yseal stress fractures in the fingers in 1997 [62] 
and 1999 [63]. As a consequence of repetitive 
loading of the fingers, the fractures observed were 
always in the proximal interphalangeal joint [62]. 
Most often they were fractures of the Salter Harris 
III type with a fracture through the epiphysis of 
the middle phalanx [64].

All these injuries have repetitive loading as a 
common denominator. As there is no true blood 
supply to the physis but only an advance from the 
blood vessels of the epiphysis and metaphysis as 
well as from the perichondrial ring and vessels of 
the periosteum [65], repetitive loading can alter 
the metaphyseal perfusion and thus interfere with 
the mineralization of the hypertrophied chondro-
cytes [66]. The hypertrophic zone then widens as 
a consequence of constant growth in the germinal 
and proliferative zones. Usually, this widening of 
the epiphyseal plate is only temporary, as the 
resting and dividing cellular layer of the growth 
plate, and the attendant epiphyseal and metaphy-
seal blood supplies are essentially undisturbed. If 

the ischemic condition sets in as a consequence 
of repetitive loading with too much weight, an 
osseous necrosis and deformity within the devel-
oping ossification center can be caused, leading 
to growth irregularities in the physis. As these 
changes localized, asymmetric growth can be 
observed, or the entire physis may be involved 
leading to an overall slowdown of the rate of 
growth or even complete cessation of growth in 
that joint [67].

The growth plate seems to be exceptionally 
susceptible to injuries during periods of rapid 
growth [68–71] that is during the growth spurt 
during puberty. The strength of the physeal carti-
lage has been shown to decrease during pubes-
cence in animal studies [72] as well as in humans 
[73]. This decrease in strength is a consequence 
of the structural changes during rapid growth 
leading to a thicker and more fragile plate as well 
as to the bone mineralization lagging behind the 
linear growth, rendering the bone more porous 
[74]. Furthermore, shear resistance is a function 
of the amount of matrix and collagen. Increased 
cell size in the hypertrophic zone reduces the 
amount of matrix available to resist shear, and an 
increase in weakness is thus predictable [75].

The process of longitudinal bone growth is 
governed by a complex network of endocrine sig-
nals, including growth hormone, insulin-like 
growth factor I, glucocorticoid, thyroid hormone, 
estrogen, androgen, vitamin D, and leptin [26]. 
However, how much the different hormone levels 
impact on the risk of growth plate fractures is 
questionable and has so far has not been 
examined.

Whether an increase in muscle-tendon tight-
ness about the joints as a consequence to the 
growth spurt leads to an excessive muscular 
stress on the physis is controversial in the litera-
ture [71, 76, 77].

The mechanism behind this injury is believed 
to be a high repetitive stress on the proximal 
interphalangeal joint using a crimp grip position 
of the hand (Fig. 3.6) [64, 78]. In this finger posi-
tion, the physis is subjected to a compressing 
force coming from the fingertip on one hand and 
from the flexor muscles on the other hand. As the 
finger is flexed to a maximum, this compressive 
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force is uneven, applying more force to the dorsal 
aspect of the growth plate (Fig. 3.14). This in turn 
leads to the fracture line going through the dorsal 
aspect of the growth plate as well as the epiphy-
sis. This is exaggerated in campus board training 
in which the athlete performs climbing move-
ments with the feet off the ground, thus subject-
ing the fingers to the full body weight. A study 
investigating radiographic changes in the fingers 
of top level climbers revealed that only those 
climbers who performed this kind of training had 
osteoarthrotic changes [79, 80].

3.4  Conclusion

The so-called crimp grip position, which is com-
monly used in climbers, is a very specific posi-
tion of the fingers where the proximal 
interphalangeal joint is flexed more than 90°, and 
the distal interphalangeal joint is hyper-extended, 
resulting in very high loads onto the pulleys of 
the flexor tendon sheath, which are three to four 
times higher than the forces acting at the fingertip 
[81]. Also, the existence of friction between the 
flexor tendons and the pulleys [10, 31] adds to the 
understanding of the pathomechanism of the rup-
ture of a pulley, which mostly happens during 
eccentric movement [10]. Adolescents during 
their growth spurt are most prone to injure the 
growth plate due to forces pushing the physis out 
on the dorsal aspect of the PIP joint. An injury to 

the growth plate can lead to serious impairment 
of the finger with malaligned growth or cessation 
of growth altogether. Campus boarding and the 
crimp grip position are the main causes for inju-
ries to the growth plate.
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4.1  Background

Successful performance in rock climbing is phys-
ically demanding and involves the integration of 
many factors associated with production of the 
work required to ascend over specific terrain. 
Recreational climbers may find success through 
maintenance of a high level of general physical 
fitness however, performance at the highest levels 
likely requires physiological adaptations likened 
to that of high-performance athletes. This chapter 
will explore the more notable physiological 
aspects of high-level rock climbing. The objec-
tive is to provide a brief historical overview of the 
development of a theoretical physiological model 
for high-level climbing performance. The chapter 
is not intended as a comprehensive review of 
research to date. For a more complete explora-
tion, the reader is referred to the published 
reviews of Watts [1] and Saul et al. [2].

Figure 4.1 presents a simplified conceptual 
diagram for development of a model for athletic- 
level performance via integration of measured 
characteristics of the performer and the specific 
stress demands of the activity performed. This 
model provides a basis upon which associated 
research results may be evaluated and integrated. 
In order to follow and apply this model-building 
concept for rock climbing, an objective measure 
of climber performance is necessary.

Description of the performance levels of par-
ticipants in research studies has typically been 

relative to the most difficult rock route a partici-
pant could currently ascend without falling, 
referred to as red point (RP) ability. Attempts to 
describe climber performance ability have also 
used adjectives such as “expert” and “elite.” 
However, these have been inconsistently applied.

Historically, climbers by nature tended toward a 
degree of competitiveness both internally with the 
self and externally with other climbers or the rock 
terrain. The expression of climber ability relative to 
a subjective rating of terrain difficulty naturally 
evolved. The first difficulty rating system for rock 
climbing was developed in the late 1800s and was 
a precursor to the Union Internationale des 
Associations d’Alpinisme (UIAA) scale established 
in the 1940s. Other localized numerical systems 
were developed in intervening years. The Yosemite 
Decimal System (YDS) for rating the difficulty of 
specific climbing routes appeared in the 1950s and 
became widely used in North America, while other 
systems developed in the United Kingdom, France, 
and other regions of the world.

Since no common difficulty scale is used 
worldwide and the existing scales are subjective 
and perhaps in constant evolution, there has 
been a need for a standard to use for scientific 
research. To provide a degree of standardiza-
tion, a numerical and adjective scale for climber 
ability was developed by Draper et al. [3] of the 
International Rock Climbing Research 
Association (IRCRA). The IRCRA ability 
grouping scale is open ended and currently 

Fig. 4.1 Concept for 
development of a 
theoretical physiological 
model for optimal 
performance of a 
physically demanding 
task
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extends from 1 (level I ability) to 33 (level 5 
ability). Grade comparisons for IRCRA “inter-
mediate” through “higher elite” levels relative 
to the YDS and French rating systems are pre-
sented in Table 4.1. In this chapter, all climber 
ability levels and route difficulty ratings will be 
expressed relative to the IRCRA scale.

Early researchers were challenged by the 
environment and movement nature of rock climb-
ing and by instrumentation limitations for data 
acquisition. More recent research has benefitted 
from newer measurement technology; however, 
the changing nature of climbing, as more difficult 
natural terrain is discovered and attempted, pres-
ents challenges. The increasing interest in com-
petition climbing on artificial structures and 
specializations into lead, bouldering, and speed 
events also affects the likely physiological deter-
minants of high-level performance. The models 

upon which climber attributes, climbing stress 
and physical training strategies are based remain, 
for the most part, theoretical.

A look at how the “world’s best” performance 
has evolved from 1960 to more recent years is 
available in Fig. 4.2. The fourth-order polynomial 
trendline indicates a relatively steady increase in 
ability relative to RP ascents with a possible pla-
teau tendency since 2010. Although the trendline 
indicates a plateau or, at best, only slow progres-
sion of absolute route difficulty in recent years, 
the number of climbers who perform at the high-
est level has increased. For example, in 2014, only 
six ascents of IRCRA level 31 were made, while 
in 2018, there were 21 new RP first ascents at the 
IRCRA level 30 or higher, and 81 different climb-
ers had performed RP ascents at level 30 or higher 
[4]. The relative distribution of climber abilities 
within a wider range for a given year is not known.

Table 4.1 IRCRA group level and scale grades compared with the Yosemite Decimal System (YDS) and French sys-
tem grades. Adapted from Draper, N, D Giles, V Schoffl, F Fuss, PB Watts, et al. Comparative grading scales, statistical 
analyses, climber descriptors and ability grouping: International Rock Climbing Research Association position state-
ment. Sports Tech. 2016. https://doi.org/10.1080/19346182.2015.1107081

IRCRA performance group level IRCRA scale YDS French
Level 2 male Level 2 female 10 5.10a 5+

11 5.10b 6a
12 5.10c 6a+
13 5.10d 6b
14 5.11a 6b+

Level 3 female 15 5.11b 6c
16 5.11c 6c+
17 5.11d 7a

Level 3 male 18 5.12a 7a+
19 5.12b 7b
20 5.12c 7b+

Level 4 female 21 5.12d 7c
22 5.13a 7c+
23 5.13b 8a

Level 4 male 24 5.13c 8a+
25 5.13d 8b
26 5.14a 8b+

Level 5 female 27 5.14b 8c
Level 5 male 28 5.14c 8c+

29 5.14d 9a
30 5.15a 9a+
31 5.15b 9b
32 5.15c 9b+
33a 5.15d 9c

aGrade currently reported as of this publication but not included in the original published IRCRA table
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4.2  Physiological Study 
of Climbers and Climbing

Early scientific research on rock climbing was 
focused on the general nature of the activity and 
the physical aspects of climbing along with vari-
ous injuries suffered by climbers. In the latter 
1980s, as competition rock climbing grew in 
popularity, research models traditionally used for 

the study of athletes were applied to climbing and 
climbers. The specific areas of performance 
physiology, biomechanics, and sport psychology 
have evidenced increased climbing research to 
date. A simple online search of the USA’s 
National Library of Medicine site (https://
pubmed.ncbi.nlm.nih.gov/) with the terms “rock 
climbing” and “rock climbers” reveals the topical 
trends illustrated in Fig. 4.3. A PubMed search in 
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July of 2020 found 255 studies published through 
2019. Of the 255 papers, 71, or 28%, focused on 
physiological aspects of performance.

4.2.1  Anthropometry and Body 
Composition

The nature of climbing involves the work of mov-
ing the body along a relatively specific route 
against the negative force generated by the effect 
of gravity on body mass. Additionally, the force 
requirements for support and movement during 
climbing are often primarily imposed on the rela-
tively small musculature of the upper body, in 
particular the muscles in control of positioning of 
the hands and fingers.

Anthropometry and body composition have 
long been of interest since body weight is a major 
factor for the work demand in climbing. In gen-
eral, a low body mass reduces the work of climb-
ing and reduces specific force requirements of 
the musculature. There is a compromise involved, 
however, since one positive factor of strength is 
muscle mass which, in turn, adds to the overall 
work of climbing.

Assessment of relative fat mass, expressed as 
percent body fat, is of particular interest, since fat 
mass can be a negative factor as it increases the 
work of climbing without directly contributing to 
support and movement. A summary of anthro-
pometry results from selected research studies is 
presented in Table 4.2.

Watts et  al. [5] published the first anthropo-
metric study of competitive male and female 
sport rock climbers in 1993. Data were recorded 
at a 1989 international competition with 21 of 29 
male and 18 of 21 female semifinalists participat-
ing. Seven of the ten male finalists and all six 
female finalists participated. Climbers were 
found to be small in stature and low in body mass 
with low sum of skinfold measures and estimated 
body fat percentage. Stature, body mass, and per-
cent body fat averaged 179.3  ±  5.2 and 
162.3 ± 4.6 cm, 62.4 ± 4.5 and 46.8 ± 4.9 kg, and 
4.8 ± 2.3% and 9.6 ± 1.9% for male and female 
finalists, respectively. The body fat measures 
would be considered very low and, for both males 
and females, were at or below estimated essential 
body fat levels.

More recently, España-Romero et al. (2009) 
[6] reported similar height and weight means for 
male and female climbers of IRCRA level 3; 
however, percent fat means were higher when 
estimated via skinfold measures or via dual- 
energy X-ray absorptiometry (DXA). Giles 
et al. [7] also reported higher percent fat values 
when calculated from skinfold measures in 14 
female climbers than the earlier study of Watts 
et al. [5].

Although the more recent studies have indi-
cated higher percent fat values in some elite 
climbers, the best climbers still tend to be rela-
tively small in stature with low body mass. Aside 
from the early study of Watts et al. [5], research 
has, for the most part, studied climber samples 

Table 4.2 Selected anthropometric measures reported for high-level rock climbers

Reference Subject characteristics Height (cm) Mass (kg) %fat
Males:
Watts et al. [5] 7 males IRCRA 26a 179.3 ± 5.2 62.4 ± 4.5 4.8 ± 2.3b

Watts et al. [16] 11 males IRCRA 23 175.6 ± 8.9 65.9 ± 8.6 5.4 ± 1.5b

España-Romero et al. [12] 10 males IRCRA 20 172.0 ± 4.0 65.5 ± 4.5 7.6 ± 2.1b

13.3 ± 3.3c

Ozimek et al. [20] 6 males IRCRA 25–27 177.4 ± 5.6 66.9 ± 5.8 7.9 ± 4.8b

Females:
Watts et al. [5] 6 females IRCRA 23 162.3 ± 4.6 46.8 ± 4.9 9.6 ± 1.9b

España-Romero et al. [12] 9 females IRCRA 15 162.0 ± 3.0 59.2 ± 3.6 18.0 ± 3.6b

25.2 ± 3.6b

Giles et al. [7] 14 females IRCRA 19.5 163.4 ± 4.7 56.5 ± 6.3 23.3 ± 4.8b

aIRCRA scale are means unless otherwise indicated
bEstimated via skinfold measures
cEstimated via DXA

4 Historical Development of a Physiological Model for Rock Climbing Performance
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that were convenient to the geographical location 
of the research. This consideration may contrib-
ute to the differences between historical and 
more recent data. In addition, a variety of mea-
surement methodologies and estimation proce-
dures have been employed. The degrees to which 
these factors may have influenced the specific 
results are not known.

Other anthropometric characteristics, such as 
finger length, arm length and the ratio of arm 
span to height, or “ape index,” have been of inter-
est but have not consistently shown relationships 
with climbing ability ratings [8].

4.2.2  Bioenergetic Power

Bioenergetics involves the conversion of stored 
chemical energy into the mechanical energy of 
performing work. Generally, three primary 
 bioenergetic systems may be described. A 
phosphagen- based system involves stored ade-
nosine triphosphate (ATP) and creatine phos-
phate (PCr), which can provide energy rapidly, 
without the involvement of oxygen, for fast pow-
erful muscle contractions. This phosphagen or 
ATP-PCr system is relatively limited in capacity, 
however, and may be nearly depleted within a 
few seconds, typically 5–8 s of total-body intense 
effort. The ATP-PCr system is limited primarily 
by the level of PCr stored within the muscle. 
Depleted PCr is restored relatively quickly 
between muscular contractions if blood circula-
tion and oxygen delivery are adequate.

A carbohydrate-fueled metabolic system may 
also convert stored chemical energy quickly 
though more slowly than the phosphagen system. 
This system is usually termed glycolysis when the 
substrate is glucose and glycogenolysis when the 
initial substrate is stored muscle glycogen. When 
the rate of energy conversion is high in this path-
way, the addition of oxygen is not required, and 
the process is considered to proceed anaerobically 
but with a consequent accumulation of lactate in 
the muscle and blood. This accumulation of lac-
tate and a resulting dissociation of hydrogen ion 
(H+) have been associated with fatigue. With the 
presence of oxygen, lactate may be removed as an 
aerobic substrate or, with adequate blood flow, 
shuttled to other, less active, muscle for metabolic 
removal. Collectively, whether the substrate is 
glycogen, glucose, or both, this system is typi-
cally termed anaerobic or fast glycolysis.

When the rate of energy conversion is slower 
and adequate blood flow and oxygen are avail-
able to the muscle, the glycolytic process may 
proceed through a number of additional steps 
aerobically, without lactate accumulation. This 
aerobic oxidative metabolic system may also uti-
lize fats and protein substrates and help spare the 
limited stores of carbohydrate within the 
muscle.

Table 4.3 provides a summary of the three bio-
energetic systems. Along with the rate of energy 
expenditure demand, a climber’s ability to take 
in, circulate, and utilize oxygen during a perfor-
mance generally controls which bioenergetic sys-
tem is primarily involved.

Table 4.3 Summary of bioenergetic system support of muscular work in climbing

Bioenergetic 
system Substrate

Oxygen 
requirement

Power 
(energy/time) Capacity (total energy available)

Phosphagen ATP & PCr None Highest Limited by muscle PCr stores. Typically 
enables 5–8 sec of maximal total-body 
exertion

Anaerobic 
(fast) 
glycolysis

Glycogen and 
glucose

None High Moderate capacity limited primarily by 
unbuffered H+ ions dissociated from lactic 
acid. Requires adequate blood flow and 
oxygen for recovery

Oxidative Glycogen, 
glucose, fatty 
acids, proteins

Required Moderate High capacity limited by substrate availability

P. B. Watts
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Assessment of the power output capability of 
the aerobic, or oxidative, bioenergetic system is 
accomplished by measuring a climber’s maxi-
mum ability to uptake and utilize oxygen 
(VO2max). Since an individual’s VO2max can 
differ among different activities and with the 
degree of active muscle mass, the highest VO2 
attained during a specific activity mode, such as 
climbing, is usually referred to as a peak oxygen 
uptake or VO2pk.

Studies have reported VO2pk values for rock 
climbers of 54.8  ±  5.0  mL  kg−1  min−1 [9] and 
55.2 ± 3.6 mL kg−1 min−1 [10] for treadmill run-
ning. Billat et  al. [9] reported a VO2pk of 
22.3 ± 2.6 mL kg−1 min−1 for an arm pulling test, 
and Booth et  al. [11] described a mean of 
43.8 ± 2.2 mL kg−1 min−1 during fast climbing in 
seven highly skilled climbers. España-Romero 
et  al. [12] utilized a special climbing treadmill 
(treadwall) to observe climbing specific VO2 
peaks of 53.6 ± 3.7 and 49.2 ± 3.5 in male and 
female climbers, respectively, during fast 
climbing.

The VO2pk levels observed in climbers would 
be considered “excellent” for general aerobic fit-
ness but are well below the typical levels of 
70–90  mL  kg−1  min−1 observed in elite aerobic 
athletes such as distance runners and cross- 
country skiers. The lower values for climbers 
likely reflect a smaller intensely activated muscle 
mass during the work of climbing compared with 
the more total-body involvement of other 
endurance- type competitive activities.

Regardless of the lower total-body VO2pk for 
climbers, the specific aerobic power and capacity 
of localized muscle groups have been found to be 
high. Fryer et  al. [13] estimated an oxidative 
capacity index for forearm musculature in climb-
ers through near-infrared spectroscopy (NIRS). 
This oxidative capacity index and maximal 
hemoglobin-myoglobin desaturation and VO2pk 
during treadwall climbing were significant pre-
dictors of climbing ability and explained over 
67% of the variance in RP climbing ability.

In addition to describing the maximal and 
peak bioenergetic characteristics of climbers, 
early research began to observe physiological 
responses and demands of actual performance 

during climbing. Billat et  al. [9] and Mermier 
et al. [14] used Douglas bags to collect expired 
air for VO2 analysis during route climbing. Watts 
and Drobish [10] employed a nonmotorized 
climbing treadmill (Brewer’s Ledge Treadwall®) 
to record the first continuous VO2 measurements 
during climbing at different angles. These studies 
found the average climbing VO2 to range between 
24 and 32  mL  kg−1  min−1 regardless of terrain 
angle.

As portable expired air analysis systems 
became available in the 1990s, researchers began 
to observe physiological responses continuously 
during actual climbing on indoor artificial walls 
and outdoors on real rock. Watts et al. [15] found 
average and peak VO2 of 24.7  ±  4.3 and 
31.9  ±  5.3  mL  kg−1  min−1, respectively, during 
ascents of a competition style indoor route rated 
IRCRA 19. Booth et  al. [11] recorded a mean 
VO2 of 32.8 mL kg−1 min−1 during ascents of an 
outdoor route. In a more recent study, España- 
Romero et  al. [6] recorded peak VO2 levels of 
36.9 ± 4.9 mL kg−1 min−1 during on-sight ascents 
of a moderate grade indoor route rated as 10 on 
the IRCRA scale.

In studies involving route ascents, VO2 tends 
to plateau after 1.5–2.0 min of climbing, which 
suggests a steady-state condition is attained. A 
general integration of results from studies that 
assessed VO2pk during maximal testing and those 
that measured VO2 during typical route climbing 
tasks indicates the stress of actual climbing likely 
requires approximately 70% of VO2pk, which 
would be compatible with a steady-state primar-
ily aerobic condition.

The idea of a steady-state condition during 
route ascents has been challenged by results that 
indicated significantly elevated post-climbing 
VO2 [15] and elevated blood lactate concentra-
tion [9, 15, 16]. Although blood lactate is elevated 
with climbing, post-ascent levels have been rela-
tively low with observed means of 3.2–
7.0  mmol  L−1. Furthermore, Watts et  al. [15] 
found pre-climb values of 3.5 ± 1.9 mmol L−1 in 
climbers who felt “warmed-up” and ready to 
climb a competition style route.

Bertuzzi et al. [17] have attempted to rate the 
relative contributions of the three bioenergetic 
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systems for energy expenditure during routes of 
different difficulty levels. By their estimation, the 
contributions of the ATP-PC phosphagen, anaer-
obic glycolytic, and aerobic oxidative systems 
for elite climbers were 35.8 ± 6.7%, 22.3 ± 7.2%, 
and 41.9 ± 7.4% for easy (IRCRA 10), moderate 
(IRCRA 15), and difficult (IRCRA 19) routes, 
respectively. Although climbing demands the full 
range of bioenergetic support, the phosphagen 
and aerobic systems appear to be dominant.

4.2.3  Muscular Strength, 
Endurance, and Power

Factors of muscular performance have intuitively 
been of interest to climbers. These factors may be 
categorized into strength, the ability of muscle to 
generate high force; endurance, the ability of 
muscle to perform repeated contractions or to 
sustain a contraction level over time; and power, 
the level of force production relative to time and/
or velocity of movement.

Force production by muscle is a function of 
the activation of motor units within a muscle. A 
motor unit consists of a specific neuron and the 
number of muscle fibers it activates. The number 
of motor units within a given muscle and the 
number of fibers within a motor unit vary across 
different muscles and for different individuals 
and are considered to be primarily determined by 
genetic factors. Conversely, the size of muscle 
fibers within a motor unit can be increased 
through specific training.

Relative to climbing, muscle contractions may 
be categorized as isotonic, where the muscle 
changes length either concentrically, by shorten-
ing, or eccentrically, by lengthening under load, 
or as isometric where muscle length remains 
static during force production.

Dynamic muscular force is expressed by a 
force-velocity relationship. On a fiber basis, the 
absolute contraction force declines with increas-
ing velocity of contraction. The highest velocity 
of muscle fiber contraction is typically generated 
at 30–40% of the fiber’s peak force capability, 
and the highest force is produced at zero velocity 

during isometric or static contraction. Since 
establishing and maintaining contact with a spe-
cific hold in climbing is primarily a static task, 
isometric strength of the muscle controlling the 
fingers of climbers was of early interest.

The most obvious target for descriptive 
strength research with elite climbers has been 
isometric handgrip force, typically measured 
with a grip dynamometer, Fig. 4.4a. Watts et al. 
[10, 16] found absolute handgrip scores to be 
rather “average” in elite climbers; however, when 
handgrip strength was expressed as strength–
body mass ratio, males placed at the 80th percen-
tile and females placed at the 90th percentile for 
age and gender matched North American popula-
tion norms. This finding of a high strength–mass 
ratio for accomplished climbers has been consis-
tent across other studies as well.

In the 1990s, researchers began to question the 
specificity of handgrip dynamometry for measur-
ing finger and hand strength in climbers. Simple 
observation of the hand-to-rock contact interface in 
climbing revealed minimal use of finger-thumb 
opposition during ascents of the steep edging 
routes popular at the time. In response to the poten-
tial limitation of handgrip dynamometry, Grant 
et al. [18] and Watts and Jensen [19] were among 
the first to construct strain gauge or force sensor 
devices to enable measurement of finger- curl force 
without thumb opposition, Fig. 4.4b, though these 
researchers did not measure values in elite-level 
climbers.

During actual pull-type movements in climb-
ing, the finger-curl force required to maintain 
contact with holds is less likely to be of a concen-
tric nature as an eccentric nature as the fingers 
work to resist extension. Ozimek et al. [20] mea-
sured finger force from a more eccentric contrac-
tion perspective as the total force, body weight 
plus added weight, a climber could support while 
hanging from the fingers on a 2.5 cm edge. Much 
higher force, 1266.3 ± 147.2 N in this study, may 
be generated during such hangs than during stan-
dard concentric format dynamometry.

A summary of selected research relative to 
hand and finger force measures is presented in 
Table 4.4.
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a b

Fig. 4.4 Historical methods of measuring “grip” strength in climbers. (a) standard handgrip dynamometer and (b) 
plate and force sensor to measure finger curl force without opposition of the thumb

Table 4.4 Selected measures of hand and finger strength reported for high-level rock climbers

Reference Subject characteristics Measurement technique Strength (N)
Strength–mass 
ratio

Males:
Watts et al. [5] 7 males IRCRA 26 (mean 

RPa)
Handgrip dynamometry 477.7 ± 89.3 0.78 ± 0.13

Watts et al. [16] 11 males IRCRA 23 
(mean RP)

Handgrip dynamometry 581.6 ± 69.6 Not reported

Watts et al. [15] 15 males IRCRA 20–27 
(range)

Handgrip dynamometry 507.2 ± 73.6 0.77 ± 0.07

Levernier and 
Laffaye [26]

14 males IRCRA 25 (≥) “Power grip” sensor—
slope crimp position

476.6 ± 74.4
521.6 ± 36.2

0.72 ± 0.05
0.83 ± 0.05

Ozimek et al. [20] 6 males IRCRA 25–27 
(range)

Weighted hang on 2.5 cm 
edge

1266.3 ± 147.2 1.93 ± 0.20

Females:
Watts et al. [5] 6 females IRCRA 23 

(mean RP)
Handgrip dynamometry 297.2 ± 30.4 0.65 ± 0.04

Giles et al. [7] 14 females IRCRA 19.5 
(mean RP)

Finger force on 20 mm 
edge

408.4 ± 62.3 Not reported

aRP is redpoint ascent
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The high strength values in climbers may also 
be significant due to the relationship of strength 
to submaximal muscular contraction endurance. 
As specific maximum voluntary contraction force 
increases, a given absolute contraction force will 
be at a lower percentage of the new maximum 
voluntary contraction force, and an increase in 
endurance measures would be expected. The 
noted cardiovascular factors previously discussed 
would also contribute to increased muscular 
endurance, particularly for repeated 
contractions.

Most research has assessed muscular endur-
ance as isometric contraction holding time at a 
given submaximal percentage of maximum force 
or as the time to maintain repeated timed contrac-
tions at a given percentage of maximum force. 
Limited early studies consistently found hand 
and upper body muscular endurance to be higher 
in accomplished climbers than recreational 
climbers or non-climbers [18, 21].

Watts et al. [16] found handgrip endurance to 
be impacted greater than handgrip strength with 
climbing to the point of failure. This group stud-
ied grip strength and endurance before and after 
climbers performed continuous climbing on dif-
ficult terrain, rated 18 on the IRCRA scale, to the 
point of a fall. In this study, maximum voluntary 
contraction (MVC) force decreased by 22% and 
holding time at 70% of the pre-climb MVC force 
decreased by 57%.

Ferguson and Brown [22] found experienced 
climbers to have double the endurance time for 
40% maximum handgrip during rhythmic maxi-
mum contractions than sedentary non-climbers. 
Furthermore, a significantly enhanced forearm 
vasodilator capacity was found in the climbers in 
this study, which would enhance the ability to 
recover between contractions via aerobic 
metabolism.

Muscular power has also been of interest, and 
most assessments in climbers have looked at high 
velocity explosive power with body weight load 
during dynamic moves. Laffaye et  al. [23] used 
accelerometers to assess upper body power in 
boulderers and lead climbers during an explosive 
pull and release vertical dynamic move off large 
“jug” holds. Relative power, in Watts per kilogram 

body mass, was 28.4 ± 7.55 and 23.4 ± 3.7 W/kg 
in boulderers and lead climbers, respectively.

Giles et al. [7] have recently described muscu-
lar power characteristics in high-level female 
climbers. This group measured lower body power 
via a counter movement vertical jump test and 
upper body power via a power slap test, a type of 
explosive pull-up movement to a one-hand slap 
of a high point. The mean power slap score was 
significantly higher for an elite group (n  =  14, 
ability = IRCRA 19.5 ± 3.1) than for an advanced 
lower ability group (n  =  13, ability  =  IRCRA 
15.9 ± 1.4). Lower body power was not signifi-
cantly different between the ability groups.

4.3  Prediction of Climber 
Performance Via 
Physiological Characteristics

Often, research on rock climbers has associated 
various anthropometric and physiological mea-
sures with self-reported RP climbing ability of 
the research participants. Significant predictors 
of performance have been described; however, 
many studies have involved participants of a wide 
range of abilities. General physical fitness char-
acteristics can be very predictive within groups 
with a range of abilities from novice to expert. As 
the ability range becomes more homogeneous, 
such as with a group of elite level climbers, the 
physiological predictors of performance likely 
become more narrow and specific. This phenom-
enon has been observed for other athlete groups. 
In a classic study of marathon runners, Sjödin 
and Svedenhag [24] found VO2max to signifi-
cantly correlate with marathon race pace with a 
correlation of r = 0.78 in 75 runners with mara-
thon paces between 3.0 and 5.4 m/s (42 km race 
times of 4:00 and 2:16 h:min); however, the cor-
relation was reduced to a nonsignificant r = 0.01 
for fast runners with paces between 4.7 and 
5.4 m/s (race times between 2:30 and 2:16).

In the study of elite competition climbers of 
Watts et al. [5], stepwise regression analysis was 
employed with stature, body mass, stature to 
mass ratio, sum of seven skinfolds, estimated 
body fat percentage, grip strength, strength to 
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mass ratio, and arm volume as independent vari-
ables and self-reported red point ability as the 
dependent variable. Ability in 39 climbers with 
an ability range of approximately IRCRA 21–27 
was significantly predictable with strength to 
mass ratio and percent body fat accounting for 
33% of the variance in ability.

Baláš et  al. [25] studied 205 sport climbers, 
136 males and 69 females, within an ability range 
of IRCRA 5–29, with an array of anthropometric 
and strength measures along with experience and 
training volume. Across this broad ability range, 
grip strength to weight ratio and hand/arm endur-
ance along with estimated percent body fat were 
good predictors of performance.

Mermier et al. [14] published the first attempt 
at associating climber characteristics with actual 
measured climbing performance. Forty-four 
climbers attempted two artificial routes as on- 
sight top-roped climbing. Handhold contacts, or 
moves, on each route progressively increased in 
difficulty and maintenance of contact with suc-
cessive handholds scored points. Together, the 
routes involved 63 moves up to IRCRA 22 level. 
A principal components analysis reduced the 
large number of measured variables to three 
components: training, anthropometry, and flexi-
bility. Subsequent regression analysis found 
39% of performance variance to be explained by 
the trainable factors, 15% by anthropometry, and 
10% by flexibility. This study also involved 
climbers of a broad range of abilities, IRCRA 
6–24, and did not look at a more homogeneous 
sample at an elite ability level.

In a more recent study, MacKinzie et  al. [8] 
assessed 47 variable scores for 44 males (IRCRA 
9–23) and 33 females (IRCRA 9–20). Test areas 
included were anthropometry; balance; muscular 
strength, endurance, and power; aerobic power 
(as running VO2max and arm-cranking VO2peak); 
and hand-eye and foot-eye spatial coordination. 
For this broad range of climbing ability levels, 
shoulder power and endurance assessed as maxi-
mum pull-ups, arm-crank power, and timed bent- 
arm hang were the best predictors of 
performance.

Based on the integration schematic of Fig. 4.1, 
Watts [1] (2004) proposed an initial performance 

model for difficult climbing performance with 
the following components:

• Small stature and high strength–mass ratio. 
This would be especially important for 
strength of the musculature that controls hand 
and finger positions. A low body fat percent-
age may also contribute to strength–mass 
ratio, although extreme reductions in body fat 
can have negative consequences for health.

• High level of isometric muscle contraction 
endurance, particularly for repeated 
 contractions in the musculature that controls 
hand and finger positions.

• Moderately high total-body aerobic power 
(VO2max ≈ 50–55 mL kg−1 min−1 for males).

Subsequent research has suggested additional 
components for the model:

• High capacity of phosphagen, ATP and PCr, 
energy yield.

• High vasodilator capacity and high oxidative 
power and capacity of the forearm 
musculature.

• High upper body explosive power.
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Radiological imaging is essential for correct 
diagnosis of climbing injuries. Classical X-ray 
procedures and computed tomography (CT) as 
cross-sectional imaging are excellent for detect-
ing bony changes, such as degeneration, fracture, 
or avulsion. However, they have limited soft tis-
sue contrast and are associated with exposure of 
the patient to ionizing radiation. Sonography is 
widely applied, is easy to learn, and can be per-
formed functionally during the patient’s 
 movement. It is suited for the primary diagnosis 
of soft tissue injuries caused by climbing, such as 
the pulley rupture. Magnetic resonance imaging 
(MRI) offers better soft tissue contrast than any 
other cross- sectional imaging and is established 
for further diagnosis of numerous musculoskele-
tal issues in climbing.

5.1  X-ray

5.1.1  X-ray Procedures 
for the Diagnosis of Climbing 
Injuries

The X-ray procedures used in diagnostics today 
include classical projection radiography (synony-
mous with “conventional X-ray” or “classic 
X-ray”) and other procedures derived from it, 
such as fluoroscopy or computed tomography 
(CT). All procedures are suited for the diagnosis 
of bone pathologies but with limited soft tissue 
contrast compared to sonography or 
MRI. Regarding climbing, X-ray and CT are par-
ticularly important; fluoroscopy is less so.

In all acute trauma, e.g., a fall or a major dis-
tortion, the primary goal is to detect an acute 
bony pathology (i.e., fracture). In these cases, 
conventional X-ray is the primary imaging 
method of choice. However, some anatomical 
regions may be difficult to assess with X-ray 
because of the superimposition of many small or 
complex bony structures, for example, the wrist 
or the tarsus. In these regions, additional X-ray 
projections with special settings (e.g., so-called 
scaphoid targeting at the wrist, Figs. 5.12, 5.13, 
5.14, and 5.15) may be useful. When X-ray diag-

nosis remains unclear and the patient is still sus-
picious for fracture, additional cross-sectional 
imaging should be performed. CT is primarily 
indicated, allowing exact fracture diagnosis in 
more difficult anatomical regions.

In patients without acute trauma and with 
gradual developing complaints, X-ray and CT are 
less important, as these issues are mostly caused 
by soft tissue injuries. In most cases, a fracture 
may already be excluded clinically. Nevertheless, 
X-ray is part of the basic examination. The pri-
mary aim is to rule out chronic bone pathology, 
such as degeneration, osteophyte formation, and 
soft tissue calcification, but also bone tumors, 
bony cysts/ganglia, or systemic changes.

One major exception are stress fractures, which 
may result from chronic repetitive microtrauma, 
such as in the hamate hook [1, 2] or the middle 
finger growth plate of teenagers [3]. Stress frac-
tures of the hand are a unique characteristic in 
climbing and are best detected with MRI. Trabecular 
microfracturing is usually too small to be visible 
with X-rays or CT but can be detected due to an 
accompanying bone marrow edema with improved 
soft tissue contrast during MRI.

5.1.2  Tips for X-ray Procedures

X-ray examinations should be performed by 
trained technicians. Standard images are defined 
for almost every joint and every region of the 
body and are a basic requirement for reliable 
imaging. Long-term expertise is recommended to 
learn proper radiological assessment. An open 
approach to X-ray imaging in the everyday clini-
cal routine is useful. We encourage a regular dis-
cussion of findings with partners in radiology, 
orthopedy, and trauma surgery. X-ray image 
quality should be adequate, and standards of 
adjustment techniques are necessary for generat-
ing proper imaging. Typically, X-ray in two 
planes consists of a correct projection in an 
anterior- posterior and lateral plane with clear 
identification of joint surfaces. Anatomically 
complex regions, such as the wrist, require spe-
cial imaging, such as the scaphoid target image or 
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the ball image. If the bone findings are unclear, a 
supplementary CT is usually required.

5.1.3  Fundamentals of X-rays

All X-ray procedures rely on weakening of radia-
tion in the human body. This is greater in thicker 
and denser objects and increases with the charge 
of atomic nucleus of tissue. With different 
degrees of attenuation, an image of the inside of 
the body can be taken, and thus, for example, 
bones can be distinguished from soft tissue. In 
conventional X-rays, three-dimensional objects 
are summed up in the direction of the projection 
plane. Thus, the result of X-ray imaging is two- 
dimensional. In consequence, injuries are often 
not accessible in only one projection plane. A 
dislocated fracture, for example, may not be dis-
tinguished in anterior-posterior projection, 
whereas this would be visible in lateral 
projection.

CT is also based on X-ray weakening, with the 
difference that an X-ray tube rotates around the 
human body during imaging, thus producing 
cross-sectional images without any overlap. 
Based on the acquired radiation attenuation 
per  angle of rotation, density values can be 
assigned to each volume unit (voxel) by a com-
puter calculation. These density values can be 
displayed in grayscale images along any slice 
plane without overlapping, including 3D tech-
niques (e.g., with so-called volume rendering 
views, Fig. 5.18; maximum intensity projections, 
Fig.  5.17; or multiplanar reconstructions, 
Fig. 5.16). Due to the exposure of the patient to 
ionizing radiation, the operation of all X-ray- 
based systems is usually subject to strict safety 
regulations.

5.2  Sonography

5.2.1  Sonography for the Diagnosis 
of Climbing Injuries

Sonography (ultrasound or “US”) is the standard 
first-line imaging modality for diagnosing 

climbing- associated soft tissue injuries. The 
major advantage is that it can be performed func-
tionally, i.e., during movement or when the mus-
cles and tendons are stressed. It is particularly 
suitable for diagnosing hand and finger patholo-
gies due to the low tissue penetration depth 
required. At the same time, it enables high detail 
resolution. Regarding climbing injuries, US is 
also important for elbow and shoulder diagnos-
tics. In principle, it can be applied to all joints and 
regions of the human body.

Functional US examination has become a 
well-established standard in the detection of pul-
ley ruptures [4]. Bowstringing sign under forced 
finger flexion (Figs. 5.1 and 5.2) is a strong indi-
cator for pulley rupture. By measuring the dis-
tance between bone and tendon, this sign allows 
definition of the severity and location of a pulley 
rupture. In trigger finger inflammation (tenosy-
novitis stenosans), increased friction or chronic 
inflammatory thickening of the pulleys and ten-
dons may be imaged functionally during move-
ment. Functional examination may be designed 

Fig. 5.1 Sonography under provocation, massive bow-
stringing over the A2 pulley

Fig. 5.2 Sonography under provocation, massive bow-
stringing over the A4 pulley

5 Imaging of Climbing Injuries
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individually, dependent on the joint and the 
patient clinics. For shoulder rotator cuff injuries, 
a wide range of functional sonographic examina-
tion techniques has been described.

Fluid collections, tenosynovitis, and ganglion 
cysts can be identified by the characteristics of 
echo-free (black) water with dorsal sound ampli-
fication (white in the image). Bones and calcifi-
cations can be identified by total reflection. This 
means that the surface of the corresponding 
structure appears white, whereas the zone behind 
the object appears black. Ultrasound allows the 
detection of muscular injuries, such as fiber tear, 
bleeding, or discontinuity with definition of the 
resulting severity. The intramuscular viscoelastic 
tissue characteristic may be examined with the 
so-called elastography. Small image shifts during 
pressure application with the transducer probe 
are evaluated in a computer analysis. As a result, 
the stretching ability of the muscles can be dis-
played in spatial resolute image. A particularly 
well-established sonographic application is so- 
called duplex sonography, in which the blood 
flow within vessels or tissue is displayed in color- 
coded images using the Doppler effect.

5.2.2  Tips for Sonography

Ultrasound devices may be compact and easily 
portable resembling laptop design. This allows 
acute trauma examination, for example, during a 
competition. We recommend modern ultrasound 
devices in combination with high-resolution lin-
ear transducer probes. High megahertz transduc-
ers (typically 10–20  MHz) are particularly 
suitable for hand and finger examinations. 
Sonography depends on the individual expertise 
of the examiner; thus, proper training is helpful. 
Finger examinations benefit from short linear 
transducers with a small contact surface, as this 
hardly impairs the patient’s freedom of  movement 
during functional examinations. Mechanical 
sound wave coupling is crucial for good results, 
and air between the patient and the transducer 
probe must be avoided. In order to ensure sound 
coupling, ultrasound gel can be used, whereas 
functional hand and finger examinations can also 

be performed elegantly in a water bath. We rec-
ommend a standardized setup, in which the 
patient and examiner sit opposite each other with 
the patient’s hand on a stable examination table.

5.2.3  Fundamentals of Sonography

Ultrasonic waves are mechanical vibrations that 
propagate in the human body in a longitudinal 
direction in the form of compression and decom-
pression. When passing through tissue, the sound 
waves are weakened by various effects, such as 
absorption, refraction, scattering, divergence, 
and reflection. The latter effect is particularly 
noticeable at tissue interfaces with different 
acoustic properties. The sound waves are particu-
larly strongly reflected at locations with so-called 
high acoustic impedance. The reflected sound 
waves are converted into electrical signals in a 
specially arranged system of piezoelectric ele-
ments in the transducer probe. Based on these 
signals, the location-coded image is reproduced 
by a computer in real time as a high-contrast 
image corresponding to the acoustic tissue prop-
erties. The power of ultrasound waves increases 
with increasing frequency, while, at the same 
time, the penetration depth decreases.

5.3  Magnetic Resonance 
Imaging (MRI)

5.3.1  MRI for the Diagnosis 
of Climbing Injuries

Magnetic resonance imaging is particularly 
important for further diagnostics of climbing 
injuries. It has a better potential to depict patho-
logical and post-traumatic soft tissue conditions 
with higher spatial resolution and contrast than 
any other imaging modality. The slice direction 
can be chosen freely in any plane and/or in three 
dimensions. Numerous special MRI techniques 
are available, including application of intrave-
nously or intra-articular contrast agent. MRI is 
suitable for all joints and regions of the body. 
Dedicated examination protocols with specially 
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designed anatomical surface-receiving coils are 
available for almost every joint.

The MRI detectability of all climber-specific 
injuries of the hand and fingers is excellent. 
Among these are all flexor tendon injuries, exten-
sor tendon injuries, tenosynovitis, capsular 
lesions, volar plate injuries, lumbrical muscle 
injuries, Dupuytren’s disease, bony pathologies 
such as epiphyseal joint injuries, and many more.

Various MRI techniques for further diagnos-
tics of the pulley system have been described. 
Pulley ruptures can be identified indirectly by 
bowstringing with the same approach as in 
sonography. In addition, however, the morphol-
ogy and localization of the individual ruptures 
can be displayed directly. Direct pulley injury 
imaging requires particularly powerful MR scan-
ners with strong magnetic field strength, enabling 
high spatial resolution [5, 6]. It allows definition 
of the exact location and shape of the rupture, 
which is advantageous for presurgical evaluation. 
Complications, such as a dislocation of a rup-
tured pulley ligament between flexor tendons and 
bone, are easy to detect. This has been described 
in literature as the so-called FLIP phenomenon 
(flap irritation phenomenon, Fig. 5.4).

The standard MRI is performed in a neutral 
position. However, functional examination is 
possible, requiring additional time (Fig. 5.5). For 
example, a hand may also be examined in the 
crimp-grip position [7]. Dynamic examinations 
of the fingers may be performed with MR cine-
matography [8]. This allows evaluation of further 
indirect physiological and pathological move-
ment patterns of the tendons and the joints. This 
may be particularly useful regarding the volar 
plate and the A3 pulley. Despite not being stan-
dard, functional examinations may also contrib-
ute to better diagnostics in other joints, such as 
the shoulder for diagnosing instability (e.g., 
ABER positioning; abduction elevation external 
rotation).

MR arthrography (Fig. 5.21) requires admin-
istration of intra-articular contrast agent and 
enables a better assessment of injuries to the cap-
sular ligaments. This technique is regularly per-
formed for climbers. It is particularly useful for 
detecting injuries to the biceps tendon anchor and 

the glenoid labrum in the context of SLAP injury 
(superior labrum anterior to posterior). In the hip 
joint, it improves diagnostics of an femoroace-
tabular impingement (FAI).

Many other modern MR techniques are avail-
able, allowing a more profound and specific joint 
diagnostic. One example is cartilage imaging, in 
which the quality of cartilage is assessed compo-
sitionally, using mapping techniques with analy-
sis of the cartilage quality. The wide range of all 
possible modern MR applications would go 
beyond the scope of this chapter.

5.3.2  Tips for MRI

A basic understanding of the different MRI 
sequences is useful. The specific image contrast 
depends on the sequence weighting (see Sect. 
4.2.3). In T2-weighted sequences, fat and water 
are particularly rich in signal (hyperintense, 
bright on the image), whereas in T1-weighted 
sequences, only fat is rich in signal (note: T2, fat 
and water; T1 only, fat). Other tissues, such as 
tendons, capsules, connective tissue, and com-
pact bone, are usually low in signal (hypointense, 
dark). A precise diagnosis of these structures 
requires improved techniques, such as proton 
density (PD)-weighted sequences. In PD imag-
ing, both fat and water are rich in signal, but the 
detail recognition of the previously mentioned 
low-signal connective tissue structures is better. 
For musculoskeletal MRI and thus for diagnos-
tics of climbing injuries, PD sequences should 
always be included in the examination protocol.

One common characteristic of all of these 
MRI sequences is a relatively bright image, rep-
resenting hyperintense fat and water. In contrast, 
sequences can also appear almost completely 
dark. In these images, a fat saturation (fs) tech-
nique was probably applied. Fat saturation (fs) 
techniques can be combined with the previously 
mentioned bright standard sequences (corre-
sponding sequence names, e.g., T1 fs, T2 fs, PD 
fs), which will increase the acquisition time 
slightly. The main advantage is the higher sensi-
tivity for injuries as a bright area in the overall 
dark image. With some practice, even an inexpe-
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rienced MRI viewer may be able to diagnose rel-
evant musculoskeletal injuries on PD fs sequence 
(Fig. 5.8 and 5.9).

It is beneficial to include approximately the 
same number of sequences with and without fs in 
an MRI. The choice of correct slice plane (e.g., 
axial, coronal, sagittal, or 3D image) and slice 
thickness according to the expected injury is of 
utmost importance. The slice thickness should 
match the size of the joint. For example, a slice 
thickness of 2 mm is recommended for finger and 
wrist examinations, whereas a slice thickness of 
3–4 mm is usually enough for larger joints, such 
as the hip or knee. As sport-specific injuries often 
result in subtle joint changes, application of mod-
ern MRI scanners with dedicated multichannel 
surface coils in combination with high magnetic 
field strength is recommended whenever possi-
ble. For instance, a 3 Tesla scanner is potentially 
superior to a 1.5 Tesla scanner, resulting in better 
image quality.

5.3.3  Basics of MRI

MRI is the result of nuclear physical effects in the 
permanently strong magnetic field of a supercon-
ducting magnet. Outside the MRI scanner, the 
spins of hydrogen atoms in the human body are 
mostly disordered. Under the influence of the 
strong magnetic field in the MRI, the nuclear 
spins are aligned, resulting in a measurable mag-
netization along the main magnetic field axis. 
The nuclear spins perform a directed “gyroscopic 
motion” along this axis; this is called “preces-
sion” in physics. The precession frequency 
increases proportionally with the magnetic field 
strength; it is 42.48  MHz/Tesla. For imaging, 
artificial attenuations of the magnetic field 
strength are performed with gradient coils in dif-
ferent spatial directions, which allows an exact 
location encoding of the MR signals. In addition, 
high-frequency (HF) pulses are transmitted with 
transmitter coils under resonance conditions. 
High-frequency pulses lead to a targeted “excita-
tion” of the nuclear spins, resulting in longitudi-
nal and transverse magnetization. After 
termination of an RF pulse, spins lose the 

absorbed energy by emitting the MR signal; this 
“relaxation process” can be detected with receiv-
ing coils.

MRI imaging is performed by repeated appli-
cation of HF pulses with intermediate detection 
of MR signals. Such a sequence of excitation and 
relaxation of the spins is called an MR sequence. 
A spatial assignment of the received MR signal to 
a corresponding coordinate in the later slice 
image is done in complex computer calculations. 
Due to the different distribution of water and fat 
in the body and the different relaxation character-
istics of different tissues, a particularly high- 
contrast image of soft tissues can be obtained 
with correspondingly differently designed MR 
sequences.

5.4  Typical Differential 
Diagnosis of Climbing 
Injuries

5.4.1  Pulley Rupture

A 23-year-old climber noticed a popping sound 
with acute severe pain in his right ring finger 
while climbing. This is a severe injury with the 
rupture of the A2, A3, and A4 ring ligaments 
(i.e., triple pulley rupture). The patient received 
a surgical pulley reconstruction due to the mas-
sive functional loss with risk of subsequent flex-
ion contracture and the evidence of a flap 
irritation phenomenon (FLIP) (Figs.  5.1, 5.2, 
5.3, 5.4, and 5.5).

5.4.2  Stress Fracture of the Growth 
Plate

A 14-year-old ambitious climbing athlete pre-
sented with pain and swelling over the PIP joint 
of the left middle finger, which gradually 
appeared over the course of several weeks. The 
diagnosis was a typical finding of an epiphyseal 
stress fracture of the middle phalanx base. A 
training stop for 3 months and cast splinting was 
performed. Since X-ray diagnostics could not 
show the stress fracture in this case, a follow- up 
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MRI was performed to confirm fracture healing 
after 3 months (Figs. 5.6, 5.7, 5.8, and 5.9).

Fig. 5.5 Maximum finger flexion achievable by the 
patient in the MR functional examination with sagittal 
PD: triple (A2-A3-A4) pulley rupture with increased 
bowstringing over the phalanges and also over the A3 pul-
ley (note the increased distance of the flexor tendons to 
the volar plate of the PIP joint)

Fig. 5.8 Axial T1-weighed MRI: hyperintense fracture 
line in the middle phalanx base Dig. 3

Fig. 5.3 Sagittal PD fs: triple rupture of the ligament 
with hematoma in the tendon sheath and bowstringing 
over the A2 and A4 pulleys. In the neutral position, no 
clear bowstring over the A3 pulley

Fig. 5.4 Axial PD fs: A2 pulley rupture with dislocation 
of the ligamental stump between the flexor tendon and 
phalanx in the sense of a flap irritation phenomenon 
(FLIP)

Fig. 5.6 X-ray in a.p. projection: soft tissue swelling 
over the PIP joint without clear evidence of fracture

Fig. 5.7 Lateral X-ray projection: soft tissue swelling 
over the PIP joint without clear evidence of fracture

5 Imaging of Climbing Injuries
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5.4.3  Lumbrical Shift Syndrome

A 37-year-old female climber presented with 
acute pain and swelling in the palm of her hand 
on the right side above the flexor tendon of the 
ring finger. The injury healed conservatively 
within 2  months without functional sequel 
(Figs. 5.10 and 5.11).

5.4.4  Trabecular Microfracture 
of the Scaphoid

A 16-year-old climber fell on his wrist while boul-
dering. Unlike MRI, the scaphoid series and CT 
did not show this microfracture. The injury healed 
conservatively after 8 weeks in a cast (Figs. 5.12, 
5.13, 5.14, 5.15, 5.16, 5.17, 5.18, and 5.19).

5.4.5  MR Arthrography 
for Diagnosing Labrum Tear

A 33-year-old climber presented with chronic 
shoulder problems, pain during the night at rest, 
recurrent subluxation events, and a feeling of 

Fig. 5.9 Axial PD weighted fs MRI: hyperintense frac-
ture line in the middle phalanx base Dig. 3, the fracture is 
easier to detect compared to Fig. 5.8 due to fat suppres-
sion (fs)

Fig. 5.10 Axial PDfs MRI: hyperintense hematoma sur-
rounding the fourth flexor digitorum profundus tendon 
with tear of the lumbrical muscle tendon at the origin in 
the sense of a grade III lumbrical shift syndrome

Fig. 5.11 Coronary PDfs MRI: hyperintense hematoma 
along the flexor digitorum profundus tendon Dig. 4 and 
the third lumbrical muscle

Fig. 5.12 Inconspicuous scaphoid series
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Fig. 5.13 Inconspicuous scaphoid series

Fig. 5.14 Inconspicuous scaphoid series

Fig. 5.15 Inconspicuous scaphoid series

Fig. 5.16 Inconspicuous computed tomography: multiplanar reconstruction (MPR)

5 Imaging of Climbing Injuries
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instability while climbing. The suspected 
labrum tear could be visualized particularly 

well in MR arthrography, where contrast agent 
had been applied intra-articularly previously. A 
surgical labrum repair was performed (Figs. 5.20 
and 5.21).

Fig. 5.18 Inconspicuous computed tomography: volume 
rendering

Fig. 5.21 MR arthrography with evidence of a tear in the 
ventral labrum without lifting of the periosteum, a so- 
called Perthes lesion

Fig. 5.19 Axial PDfs MRI: detection of a trabecular 
microfracture of the scaphoid with hyperintense blurred 
fracture zone

Fig. 5.20 CT-guided puncture of the right shoulder joint 
for application of MRI contrast agent

Fig. 5.17 Inconspicuous computed tomography: maxi-
mum intensity projection (MIP)
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6.1  Clinical Examination 
of the Hand

After taking a thorough history of the presenting 
injury, a detailed clinical examination is crucial 
to arriving at an accurate diagnosis. The history 
should focus on what kind of climbing move and 
finger position lead to the trauma and clarify 
whether the pain arose before, during or after 
climbing (e.g., tenosynovitis of the finger is usu-
ally painful before and after climbing; this injury 
may be pain-free during climbing if warmed up 
properly. A pulley strain is usually painful only 
under stress when climbing using the crimp posi-
tion of the fingers).

The clinical examination both actively and 
passively tests the range of motion (ROM) of all 
three joints of the respective finger: the metacar-
pophalangeal (MCP), the proximal interphalan-
geal (PIP), and the distal interphalangeal (DIP). 
For the thumb, the ROM is tested for the basal 
joint, MCP joint, and IP joint. The function of the 
flexor tendons, flexor digitorum superficialis 
(FDS), and flexor digitorum profundus (FDP) 
needs to be tested separately (Figs. 6.1 and 6.2). 
The collateral ligaments of the MCP, PIP, and 
DIP joints need to be tested both in extension and 
30° flexion in order to assess the proper and 
accessory components of each ligament 
(Fig.  6.3). The palmar plate of the PIP joint is 
assessed through the so-called “translation test,” 
which is similar to the Lachman test in the knee 
joint (Fig. 6.4). For the detection of flexor tendon 

bowstring phenomenon in a flexor pulley injury, 
the respective finger undergoes flexion against 
resistance. The patient is asked to flex the injured 
finger against their own thumb, while the clini-
cian palpates and observes for clinical flexor 

Fig. 6.1 Examination of the superficial flexor tendon (m. 
flexor digitorum superficialis) (FDS) (Photo M. Simon)

Fig. 6.2 Examination of the deep flexor tendon (m. flexor 
digitorum profundus) (FDP) (Photo M. Simon)

Fig. 6.3 Examination of the collateral ligaments of the 
PIP in 30° flexion (Photo M. Simon)

Fig. 6.4 Translation test of the palmar plate (Photo M. Simon) 
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 tendon bowstringing in the palmar direction 
(Fig. 6.5). A palmar-sided tenderness to palpation 
at the finger’s proximal phalanx is suggestive of 
an A2 pulley injury or inflammatory tenosynovi-
tis. A laterally located palpation tenderness at the 
same phalanx is suggestive of a lumbrical muscle 
injury. The “lumbrical shift test” is performed for 
a specific examination of the lumbrical tendons 
(Fig. 6.6). A dorsally located point tenderness at 
the PIP joint is frequently found in epiphyseal 
fractures in adolescent climbers or joint capsuli-
tis (articular synovitis) in skeletally mature 
climbers. To detect hamulus fractures a specific 
stress test is performed (Fig. 6.7). Finger flexion 
in ulnar abduction causes shear forces onto the 
hamulus, provoking pain.

6.2  Diagnostic Imaging

Many acute and chronic finger conditions require 
plain radiographs to confirm the diagnosis and/
or rule out other possible diagnoses. However, in 
recent years, dynamic musculoskeletal ultra-
sound has become the “workhorse” imaging 
technique for climbers’ finger injuries. 
Ultrasound assessment is very user-dependent 
and therefore may not be easily available to all 
healthcare providers. In many European coun-
tries, ultrasound examinations are performed 
routinely by orthopedic surgeons or sports medi-
cal doctors themselves. However, in other coun-
tries such as the UK, Canada, and certain regions 
in the USA, these exams are performed by either 

ultrasound technicians or radiologists. 
Consequently, some of the recommendations 
given within this book, especially in the chapter 
on hand injuries, may be difficult to implement 
in other countries. In the diagnosis of pulley 
injuries, tenosynovitis, or ganglion cysts, ultra-
sounds are very cost- effective and accurate with 
high sensitivity and specificity [1–4]. The tech-
nique of finger ultrasound examination is easy to 
learn and very efficient [5]. We predominantly 
use small, linear transducers (“hockey stick”) 
with 10–18 MHz in longitudinal and transversal 
planes (Fig. 6.8). For signal enhancement, either 
a gel standoff pad or normal ultrasound gel is 
used. The ultrasound is performed statically and 
dynamically; for proper detection of inflamma-
tion, a color-coded duplex ultrasound evaluation 
is used. In diagnosing pulley injuries, the dis-

Fig. 6.5 Examination of a bowstring phenomenon (Photo 
M. Simon)

Fig. 6.6 Lumbrical shift test: an extended middle finger 
is stressed while the neighboring fingers are bent, thus 
leading to a stress of the lumbrical muscles common body 
(Photo M. Simon)

Fig. 6.7 Hamulus stress test: finger flexion in ulnar 
abduction causes shear forces onto the hamulus, provok-
ing pain (Photo M. Simon)
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tance between the flexor tendons and the bone 
(TB = tendon-bone distance) is measured under 
“forced flexion” [6] (Fig. 6.9). The forced flex-
ion is achieved by asking the patient to use a 
healthy finger to press against the fingertip of the 
injured finger, which undergoes active flexion 
during examination. This causes stress and ten-
sion on the flexor tendons of the injured finger, 
increasing a possible TB in an injury. The TB is 
measured at the midportion of the base phalanx 
for the A2, at the midportion of the middle pha-
lanx of for the A4, and at the level of the palmar 
plate for the A3 pulley. In the last case, the pal-
mar plate-tendon distance is measured, as the A3 
pulley inserts into the palmar plate, not the bone 
[7, 8]. An additional MRI or CT scan is only 
required in rare cases [9–18].

6.2.1  Normal Findings

The high impact of rock climbing onto the fin-
gers leads to physiological adaptations over the 
years. These adaptations must be strictly sepa-
rated from pathological changes [19]. Through 
radiographic and MRI analyses, Hochholzer 
et al. [15] and Heuck et al. [20] identified these 
adaptations. The authors found an adaptive 
hypertrophy of the joint capsules, thickening of 
the collateral ligaments, cortical hypertrophy, 
and a hypertrophy of up to 50% of the flexor 
tendons themselves (Fig.  6.10). Hochholzer 
and Heuck also showed that certain reactions, 
such as cortical hypertrophy, are likely protec-
tive adaptations to the high stress of the sport 
rather than early pathological osteoarthritic 

Fig. 6.8 Ultrasound examination with an 18 Mhz linear 
transducer (Hockey stick) (Photo M. Simon)

Fig. 6.9 Ultrasound in “forced flexion” (Photo M. Simon)
Fig. 6.10 Cortical hypertrophy of a 28-year-old climber 
as a stress adaptation (normal finding)
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changes. Therefore, clinical and radiographical 
findings must be interpreted carefully. In an 
analysis of radiographs in young high-level 
climbers as well as 140 experienced climbers, 
Schöffl et al. [21] classified the following find-
ings as stress reactions, using a modified 
Kellgren Lawrence classification [22]: cortical 
hypertrophy, subchondral sclerosis/increased 
thickness of epiphysis, calcifications of the 
insertion of the flexor digitorum superficialis or 
the flexor digitorum profundus tendon, broad-
ened proximal, and/or distal interphalangeal 
joint base.

6.2.2  Distribution of Finger Injuries

Table 6.1 summarizes the distribution of diagno-
ses in our own patients presenting with finger 
pain over three different time periods.

In the following sections, we discuss various 
specific finger injuries. In general, distinction 
should be made between acute traumatic finger 
injuries (e.g., pulley injury, tendon strain, liga-
mental injury, soft tissue injury, etc.) and chronic 
overstrain injuries (e.g., tenosynovitis, osteoar-
thritis, epiphyseal growth plate injury, lumbrical 
shift syndrome, etc.).

6.3  Finger Injuries

6.3.1  Pulley Injuries

An injury to the finger flexor tendon pulleys is 
the most common climbing-specific injury. 
Closed traumatic ruptures of finger flexor ten-
don pulleys arose as a new complex trauma in 
the middle of the 1980s. Bollen [23–25] and 
Tropet et al. [26] were the first to observe this 
type of injury; subsequently, much research has 

been carried out. In the past, the clinical man-
agement recommendations varied widely for 
these injuries. Currently, there is more consen-
sus with little variation in treatment regimens 
between various authors [27]. Since this injury 
has become more well-known in medical litera-
ture, it has also been described in other sports 
[28] as well as in nonathletes and children [29]. 
Pulley injuries occur not only in the well-known 
annular (A) pulleys but also as isolated injuries 
of the cruciate (C) pulleys [30].

6.3.1.1  Clinical Presentation
Most climbers report an acute onset of pain 
while performing a hard move with the finger in 
crimp position. There may be a slip of the foot 
from a foothold, resulting in sudden loading of 
the finger. In some cases, a loud popping noise 
is heard. Occasionally, the rupture can occur 
due to chronic repetitive trauma and fatigue fail-
ure. In cases of prior chronic tenosynovitis 
treated with steroid injections, the pulley can 
rupture even in cases of minor stress if the 
appropriate rest after the last injection was 
neglected. Biomechanical analyses showed that 
pulley ruptures are mostly caused by eccentric 
finger movement [31].

Physical examination reveals tenderness over 
the palmar level of the injured pulley accompa-
nied by swelling and occasionally hematoma. A 
visible bowstring only occurs with multiple pul-
ley ruptures (Fig. 6.11). In cases of A4 or A2 pul-
ley rupture, increased distance of the flexor 
tendon to the bone can be palpated occasionally 
if the injured finger is opposed to the thumb in a 
crimping position (i.e., palpable bowstring) [23]. 
Since a definitive diagnosis cannot be made 
based on clinical examination exclusively, we 
always perform a dynamic ultrasound assess-
ment. In cases of special questions or diagnostic 
uncertainty, an MRI can be helpful [7, 17, 32].
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a

b

Fig. 6.11 Bowstringing 
in a A2 pulley rupture. 
(a) biomechanical 
drawing, (b) clinical 
presentation (Pic by 
Tiffany Fung)

6.3.1.2  Diagnostic
The diagnostic follows our algorithm [33]:

suspected pulley rupture

tendon to bone distance

< 2 mm > 2 mm questionable

multiple rupturessingle rupturesstrain

surgical repaircons. therapysymp. therapy

fracture

noyes

X-Ray

ultrasound

MRI

 

According to the algorithm as well as the 
reports of Gabl et al. [34], radiographs should be 
performed to exclude fractures or osseous tears 
of the palmar plate as well as chronic repetitive 
stress epiphyseal fractures in adolescent climb-
ers, if warranted by the clinical picture. For fur-
ther evaluation, the “gold standard” is the 
dynamic ultrasound. MRI is only performed if 
the X-rays and ultrasound do not provide a con-
clusive diagnosis (Fig. 6.12).

The advantage of the ultrasound is the fact 
that it can be performed dynamically, which is 
only possible with an MRI in very specific stud-
ies [7, 16]. A direct visualization of the various 
pulleys is often possible with a high-resolution 
ultrasound probe (15–18  MHz, “hockey stick” 
probe) (Fig. 6.13). Valid detection of the tendon-
bone distance (TB) under “forced flexion” can 
also always be performed with a lower resolution 
probe, even with some of the new handheld ultra-
sound devices [1] (Fig. 6.14). Regarding the TB 
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distance in a noninjured population, Bassemir 
et  al. [35] described the normal distances in an 
analysis of 200 non-climbing individuals.

The following cutoffs could be evaluated in 
our cadaver study for pulley injury detection 
under “forced flexion” of 10 N [7] and are our 
clinical guidelines:

Ultrasound criteria for pulley tear under forced 
flexion of 10 N [7]:

• A2: TB > 2 mm: sensitivity 94%, specificity 
100%

• A3: VP > 0.9 mm: sensitivity 76%, specific-
ity 94%

• A4: TB > 2 mm: sensitivity 90%, specificity 
97%

(TB = tendon-bone distance, VP = volar plate 
distance)

For the A2 and the A4 pulley, the TB distance 
is measured at the midportion of the respective 
phalange; for the A3, the distance tendon to volar 
plate is measured. To get the correct measuring 
point of the volar plate distance (VP) distance, 
the length of the VP is measured from its most 
proximal to its most distal point. A point is then 
defined on the proximal phalanx where the curva-
ture of the condyle transitions from concave to 
convex. Then, the distance is measured between 
this point and the middle of the volar aspect of 
the VP (VP bone). Next, the distance is deter-
mined between this point (measuring base point) 
and the tendon in extension to obtain the VP ten-
don distance [7] (Fig. 6.15).

Clear TB distance cutoffs for single C pulley 
injuries do not exist, as the TB distance is only 
slightly increased. For the diagnosis of C pulley 
injuries, a combination of the detection of hema-
toma, a change of the tendons course in the 
dynamic ultrasound examination, and a minor 
increase in TB distance lead to the final 
diagnosis.

Fig. 6.12 MRI in a A2,3,4 pulley rupture

Fig. 6.13 Normal A2 pulley in the ultrasound (the flexor 
tendon follows the course of the bone; a direct visualiza-
tion of the pulley is possible)

Fig. 6.14 A4 pulley rupture (the flexor tendons are dis-
tant to the bone)
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Multiple complete pulley ruptures, especially 
triple-pulley ruptures (i.e., A2/3/4) can cause 
clinically visible bowstringing and a functional 
deficit, as the longitudinal force of the flexor ten-
dons can no longer be transferred into a rotation 
of the finger joints (DIP, PIP). Without treatment, 
this will often lead to chronic flexion contrac-
tures, usually at the PIP joint (Fig. 6.16).

6.3.1.3  Treatment
Single pulley injuries (grade I–III) receive con-
servative therapy with an optional initial short 
period of immobilization (depending on the 
grade of swelling and collateral damage) and 
early functional therapy with a thermoplastic 
pulley support ring (Figs. 6.17 and 6.18) [36]. 
The design for these pulley support rings pre-
sented by Schneeberger et al. [37] is the best, as 
these are the only ones, which allow for ana-
tomic repositioning of the flexor tendons with-
out compression of the neurovascular bundle. 
Circular rings cannot relocate the tendon close 
enough to the bone without compromising the 
digital neurovascular structures. With anatomic 
repositioning of the tendons, the injured pulley, 
which generally does not tear in the middle but 

from one side of its insertion [38, 39], can heal 
while forming a stable scar (neo-pulley). An 
ultrasound evaluation is essential to exclude a 
FLIP-phenomenon (flap irritation phenome-
non), in which the torn pulley slips underneath 
the flexor tendons. This prevents relocation of 
the tendons and produces chronic irritation of 
the tendons, resulting in tenosynovitis. 
Occasionally, a FLIP-phenomenon requires a 
secondary surgical pulley repair [40, 41]. The 
initial immobilization is only rarely necessary; 
the pulley support ring should be worn for 
6–8  weeks in a single pulley tear [37]. For a 
grade 1 injury, pulley strain taping is usually 
sufficient. When wearing the pulley support 
ring, it is crucial to maintain proper skincare 
and daily application of nourishing ointments 

Fig. 6.15 Stylized drawing of a finger after pulley injury 
of the A2 and A3 pulleys with the measurements taken 
during the study (thick black arrow = VP bone distance, 
thick grey arrow  =  VP tendon distance, thin black 
arrow = VP length, thin grey arrow = VP thickness) [7]

Fig. 6.16 Contracture as a result of an untreated A2,3,4 
pulley rupture

Fig. 6.17 Pulley support ring (fixed with a circular tape)
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(e.g., panthenol) to prevent pressure sores 
(Fig. 6.19). A coating of the inner layer of the 
pulley support rings with a thin layer of leather 
can reduce skin ulcerations. The results of this 
conservative therapy are mostly excellent; the 
former increased TB distance is permanently 
reduced and the initial strength in finger flexion 
will resolve as the climbers regain their pre-
injury strength level [42]. Following the initial 
pulley protection ring, H-taping of the finger 
should be applied during the “return-to-sport” 
period for up to 6–12 months [43].

In grade IV injuries (multiple pulley injuries), 
the general recommendation is a surgical repair 
[36]. Otherwise, the permanently increased TB 
distance and scarring will cause flexion contrac-
ture [27]. If this contracture is already present, a 
later, secondary surgical reduction is challenging. 
In recent years, we have modified our original 
therapeutic and grading system [36, 44], as recent 
studies also showed a good outcome of conserva-
tive management in certain types of multiple pul-
ley ruptures without clinical bowstringing [27, 
37]. Thus, we divided grade IV injuries into the 
subgroups of grade IVa and grade IVb injuries. In 
some cases, grade IVa injuries can be treated with 
conservative therapy [36]. Grade IVa injuries rep-
resent A2/A3 or A3/A4 injuries with no major 
clinical bowstringing, an ultrasound-proven pos-
sibility of repositioning the flexor tendons to the 
bone, a therapy start of less than 10 days after the 
injury and no contracture. A2/A3 or A3/A4 inju-
ries with obvious bowstringing are categorized as 

grade IVb injuries, as are all other multiple pulley 
injuries (see Table 6.2) [36].

Nevertheless, it is important to mention that 
the decision toward a conservative management 
in a multiple tear should always be made specifi-
cally for each individual case. This decision 
should be made in consultation with the patient 
and based on careful analysis of the clinical find-
ings, including a proper ultrasound diagnosis. 
Additionally, close patient follow-up is necessary 
(including ultrasound controls), and surgical 
repair must immediately be performed if contrac-
ture begins to develop. In many ways, conserva-
tive therapy for a multiple pulley injury is actually 
more challenging, than surgical repair, and 
should only be undertaken by experienced clini-
cal teams at high-volume centers. Conservative 
therapy of double a pulley rupture is only possi-
ble if the therapy starts promptly after the injury 
(ideally within one to 2 weeks), if flexor tendons 
can be anatomically repositioned under ultra-
sound monitoring with no FLIP-phenomenon 
[41], and if no flexion contracture has developed 

Fig. 6.18 Pulley support ring (fixed with a circular tape)

Fig. 6.19 Pressure skin ulceration caused by a pulley 
support ring

V. Schöffl et al.



77

and a proper pulley ring is applied, keeping the 
tendons close to the bone [27]. The pulley sup-
port ring is worn for 23  h per day and is only 
removed once daily for skin care.

If a significant secondary flexion contracture 
of more than 20° extension deficit occurs, a surgi-
cal revision and pulley reconstruction is recom-
mended. A minor contracture of up to 5° often 
develops and can be accommodated. In complex 
rupture situations (multiple pulleys (grade IVb) 
or after failure of a conservative therapy in grade 
IVa injuries, surgical repair in the form of a pul-
ley reconstruction is necessary. In these cases, the 

clinical presentation is majorly compromised 
movement and reduced flexion strength of the 
DIP joint. If untreated, secondary contracture at 
the PIP will follow [41].

Suture repair of the torn pulley at any stage is 
rarely possible, due to primary and secondary 
contracture of the ligament, with shortening and 
friability of the tissues preventing reliable end-to- 
end approximation, so pulley reconstruction is 
necessary. Out of the many various pulley recon-
struction techniques (including the “Kleinert and 
Bennet” repair based on Weilby’s idea [45], 
Karev’s “belt-loop” technique [46], “single-loop” 

Table 6.2 Therapeutic guidelines of pulley injuries in rock climbers (Consensus Statement of Expert Commission 
Sportsmedicine Bamberg (Volker Schöffl, Isabelle Schöffl, Christoph Lutter, Michael Simon, Yasser El-Sheikh), 
Bamberg 2019 [36], modified after (Schöffl et al. 2004c))

Grade I Grade II Grade III Grade IV a Grad IV b
Pulley strain Complete tear 

of A3 or A4, 
partial tear of 
A2

Complete tear 
of A2

Multiple ruptures:
–  A2/A3 or A3/A4 

rupture if:
–  No major 

clinical 
bowstring

–  Ultrasound- 
prooven 
possibility of 
reposition of the 
flexor tendon to 
the bone

–  Therapy starting 
<10 d after 
injury

–  No contracture

Multiple ruptures:
–  A2/A3 or A3/4 

with obvious 
clinical 
bowsrting

–  A2/A3/A4 
rupture

–  Singular pulley 
rupture with 
FLIP phenomen

–  Singular rupture 
with increasing 
contracture

–  Singular rupture 
with secondary, 
therapy-
resistant, 
tenosynovitis

Therapy Conservative Conservative Conservative Conservative, if 
secondary onset of 
PIP contracture 
>20° secondary 
surgical

Surgical

Immobilization None optional, 
<5 days

Optional, 
<5 days

Optional, <5 days Postsurgical 
14 days

Functional 
therapy with 
pulley protection 
(defined)

2–4 weeks 
H-tape (during 
day time) or 
thermoplastic 
ring

6 weeks 
thermoplastic 
pulley ring

6–8 weeks 
thermoplastic 
pulley ring

8 weeks 
thermoplastic 
pulley ring

4 weeks 
thermoplastic ring 
(after 2 weeks of 
immobilization)

Easy sport- 
specific activities

After 4 weeks After 6 weeks After 8 weeks After 10 weeks After 4 months

Full sport- 
specific activities

After 6 weeks After 
8–10 weeks

After 
3 months

After 4 months After 6 months

H-taping during 
climbing

3 months 3 months 3 months >12 months >12 months
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technique according to Bunnel [47], “Lister 
repair” with retinaculum flexorum [48], palmaris 
longus tendon transplantation through the volar 
plate according to Doyle [49], Widstrom’s “loop- 
and- a-half” technique [50], “triple-loop tech-
nique” by Okutsu [51], or “extensor retinaculum 
graft” by Gabl [52] and Moutet [53]), we favor a 
modified “loop-and-a-half” technique with a dis-
tal continuation to the A3 pulley [54]. This 
 combines the advantages of the “loop-and-a-
half” as the strongest and the Weilby repair as the 
most functional repair [50, 54, 55]. We recently 
noticed that some osseous necrosis of the pha-
lanx can occur following this repair, likely due to 
the high pressure of the circulation onto the bone 
and its blood vessels [56]. Therefore, we have 
modified our procedure into a transosseous repair 
(Figs. 6.20 and 6.21) [57]. A FLIP-phenomenon, 
an interposition of the pulleys stump underneath 
the tendons and the bone, as shown in Fig. 6.22 
(Fig.  6.22) can render a conservative therapy 
impossible and require surgery. This can either be 
performed using the palmaris longus or a reti-
naculum extensorum flap [40].

Postsurgically, the finger is immobilized until 
completion of skin healing, using a palmar-sided 
cast splint for a maximum of 2 weeks. Thereafter, 

a thermoplastic pulley support ring is imple-
mented and gentle active ROM exercises com-
mence. Six weeks after surgery, free movement 
without the support ring is allowed, and the func-
tional therapy can be intensified. Specific reha-
bilitation exercises are presented in “One Move 
Too Many” (Schöffl V, Hochholzer T, Lightner S 
Jr) [58]. General exercise (e.g., light running) can 
be resumed after 2 weeks, once the surgical site 
edema has completely resolved. Easy climbing 
and climbing-specific training are allowed after 
4 months (with protective H-taping) (Figs. 6.23, 
6.24, 6.25, and 6.26). Taping should be continued 
through climbing for another 6 months. The full, 
sport-specific load can be assumed after 
6–9 months.

Fig. 6.20 Transosseous pulley repair [57]

Fig. 6.21 Transosseous pulley repair with a free palmaris 
longus graft during surgery

Fig. 6.22 A2 pulley rupture with an increased tendon- 
bone distance (see the line in the figure) and the trunk of 
the former pulley squeezed underneath the flexor tendons 
as a “FLIP”-phenomenon

V. Schöffl et al.
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6.3.1.4  Outcome
Schneeberger et  al. [37] showed that through 
consistent use of the pulley support ring, the 
increased TB distance can be reduced. Also, the 
surgical management of multiple pulley ruptures 
showed good to excellent sport-specific results in 
our sport-specific pulley injury outcome score 
(see Chap. 2) [54] (Figs. 6.27 and 6.28). This is in 
agreement with the current literature, which 
shows good outcomes after pulley reconstruction 
in general, with no significant difference in out-
comes between techniques [32, 52, 54, 59]. In an 

outcome analysis, Schöffl et al. found a “return to 
climbing” in all of the 81 conservatively treated 
patients (grade I–III); only one patient needed a 

Flexor tendon deflection in the crimping position

Middle phalange Base phalange

FDS, FDP

A4 A2

A3

Flexor tendon deflection

Fig. 6.23 Biomechanics of the H-tape. Based on the sup-
port of the A3 pulley, the stress onto the distal rim of the 
A2 pulley and the proximal rim of the A4 pulley is 
reduced, as the angulation of the flexor tendons is 
decreased. This helps in a tenosynovitis (see Sect. 5.3.2) 
and in a pulley injury [43]

Reduced flexor tendon deflection in the 
crimping position with H-tape

Middle phalange Base phalange

FDS, FDP

A4 A2

A3

Reduced flexor tendon deflection

Fig. 6.24 Biomechanics of the H-tape. Based on the sup-
port of the A3 pulley, the stress onto the distal rim of the 
A2 pulley and the proximal rim of the A4 pulley is 
reduced, as the angulation of the flexor tendons is 
decreased. This helps in a tenosynovitis (see Sect. 5.3.2) 
and in a pulley injury [43]

Fig. 6.25 H-taping

Fig. 6.26 H-taping

Fig. 6.27 Three-month postsurgical result of the patient 
in Fig. 6.21
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secondary pulley reconstruction due to a chronic 
tenosynovitis [44]. In another study concerning 
finger strength after conservative treatment of 
single pulley injuries, no patients showed a 
remaining strength deficit [42]. Nevertheless, in 
both groups (conservative and surgical), a minor 
extension deficit (5°–7° contracture) at the PIP 
joint frequently remained. However, this usually 
has no clinical impact. If patients present for a 
pulley repair with a preexisting contracture due 
to an older pulley injury, we start with conserva-
tive dynamic extension splint therapy and aim to 
reduce the contracture to 20° prior to surgery. If 
this is not possible, we release the joint capsule 
surgically in addition to the pulley repair; how-
ever, minor permanent contracture of up to 20° 
must be expected.

6.3.1.5  Prevention
Many climbers try to protect their flexor tendon 
pulleys by applying circumferential tape around 
the proximal phalanx [27]. However, while some 
reduction of the bowstring is achieved via tape in 
cases of a disrupted pulley, no effect can be 
expected from protective pulley tape around an 
intact pulley [60, 61]. Taping over healthy pul-
leys did not show any biomechanical effect in a 
cadaver study [62]. Woollings et  al. [63] even 
reported that preventive taping increases the risk 
for finger injuries. The main positive effect of 
prophylactic taping may be that the PIP joint is 
not flexed more than 80°–90° if the tape is applied 
close or even over the PIP joint itself [27]. A cor-

rect warming-up procedure and the avoidance of 
a pronounced crimp grip position seem to be 
more important factors in pulley injury preven-
tion [27]. It has been shown that over the first 100 
to 120 climbing moves, the amount of 
 physiological bowstringing of the flexor tendons 
shows an increase of up to 30% [64]. This effect 
could only be shown with performing climbing 
movements and was not observed with other 
warming-up techniques [64]. Therefore, it is rec-
ommended to warm-up by climbing about 3–4 
routes with 40 moves or 8–12 boulder problems 
[64] with increasing intensity. After a pulley 
injury, tape should be applied at either the distal 
end of the respective injured pulley [64] or as an 
H-tape at the level of the PIP joint [43] for 
6–9 months (see Chap. 22. Taping) (Fig. 6.29). 
Another potential preventive measure for finger 
pulley injuries is controlled low-intensity eccen-
tric training of the finger flexor muscle-tendon 
units, which is shown to help in tendon healing 
[65] and may also have some effect on the pulleys 
[66]. Nevertheless, scientific evidence for this is 
still pending.

• History: Mostly one hard move in a crimping 
position

• Onset: Sudden
• Clinical: Pressure tenderness palmar-sided at 

the pulley, often a “popping” sound during the 
event

• Diagnostic: Clinical findings, ultrasound, 
optional MRI

• Therapy: Singular pulley injuries conserva-
tive, multiple mostly surgical

• Outcome: Good, no consistent strength 
deficit

6.3.2  Finger Flexor Tenosynovitis

Inflammatory flexor tenosynovitis (aka: tendon-
itis, tendovaginitis) is inflammation of the flexor 
tendon sheath and is the most frequent overuse 
syndrome in climbers’ fingers [67]. An inflam-
matory response occurs after repetitive stress, 
and its onset can be acute after one exceptionally 
hard training or climbing day, or creeping up 

Fig. 6.28 Three-month postsurgical result of the patient 
in Fig. 6.21
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slowly over days [19]. The latter condition is 
commonly referred to by laypeople and climbers 
as tendonitis but in fact represents an inflamma-
tion of the tendon sheath. Thus, the correct term 
is “tenosynovitis” [6, 19, 67].

The etiology of inflammatory tenosynovitis in 
climbers is usually repetitive high stress while 
performing a so-called “crimping” position [19]. 
In a crimping position, the flexor tendons are 
curved at the distal end of the A2 finger flexor ten-
don pulley, as well as the proximal end of the A4 
pulley [67–69]. This causes an increased flexion 
of the tendons and thus increased friction onto the 
rim of the pulley [43, 69]. Repetition of this posi-
tion can lead to a chronic inflammatory reaction 
of the tendon sheath [19, 67]. Even though no 
studies have been performed on a histopathologi-
cal level, ultrasound examination of climbers with 
this condition, including duplex sonography, 
revealed an inflammatory reaction within the 
flexor sheath and its lining [1, 70, 71]. While there 
are generally multiple extrinsic and intrinsic fac-
tors in the origin of tenosynovitis, the main patho-
logical stimulus for this condition is considered to 
be the excessive loading of tendons during vigor-
ous training as performed in rock climbing [72]. 
Tendons respond to repetitive overload beyond 
the physiological threshold either with inflamma-
tion of the sheath, degeneration of the tendons, or 
both [73]. Tendon damage may even occur from 
stress within the physiological limits, as frequent 

cumulative microtrauma may not allow enough 
time for the tendons to heal [73], a case that is 
highly probable in ambitious climbers [67]. In 
general, no other sport than climbing places such 
an immense load onto the fingers. The frequent 
use of the crimping position in climbing is increas-
ing this load additionally [68, 69].

6.3.3  Clinical Presentation 
and Diagnostic

The climber suffers from pain, occasionally 
accompanied by a minor swelling along the pal-
mar surface of the finger, just around the same 
area as in a pulley injury. The pain can extend 
into the palm or the forearm [67] (Fig. 6.30). The 
clinical examination usually presents point ten-
derness at the level of the inflammation, mostly 
at the A2 or A4 pulley. Sometimes, the swelling 
of the tendon sheath is palpable due to the 
increased fluid in the area. A diagnosis can be 
made using ultrasound, with the hallmark find-
ing of a “halo” phenomenon around the tendon 
[1, 6, 19, 71]. This increased accumulation of 
liquid around the tendon is most clearly visible 
in the transverse plane [5]. As climbers tend to 
have more liquid in their flexor tendon sheets 
after high stress on various ranges, no clear 
information can be given regarding the normal 
range [19, 67]. It is recommended to compare 

Fig. 6.29 H-taping in partial A2 tear. (Pic by Tiffany Fung)
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the ultrasound finding of the injured finger to the 
same finger on the contralateral side [19, 67, 74]. 
A “halo” of more than 2 millimeters in a cross-
sectional plane is strongly indicative of tenosy-
novitis [19] (Figs. 6.31 and 6.32). Color duplex 

ultrasound can subsequently show the inflamma-
tion. In addition, an MRI examination can assist 
in the diagnosis but is usually not necessary 
(Figs. 6.33 and 6.34) [67].

Fig. 6.30 Tenosynovitis after partial A2 tear (Pic by 
Tiffany Fung)

Fig. 6.31 “Halo” phenomenon in the ultrasound (the 
arrow shows the thickened tendon sheath)

Fig. 6.32 Normal finding for comparison

Fig. 6.33 Tenosynovitis of the palm in an MRI imaging

Fig. 6.34 Acupressure ring
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6.3.4  Therapy

The initial therapy consists of anti-inflammatory 
medication, optional resting on a splint for several 
days, externals, brush massages, ice therapy and, 
in persisting conditions, local cortisone injections 
[19, 75]. These injections are not always avoid-
able, as chronic tenosynovitis can be stubborn. 
Surgical revision with tenosynovectomy is only 
required in rare cases. In mild cases, a stress reduc-
tion together with H-taping during sports will 
already decrease symptoms. If osteoarthrotic bone 
spurs are causing irritations to the tendons, removal 
of the bone spurs may be necessary. Alternative 
treatment options include radial shock wave ther-
apy [76] or medicinal leech therapy [67].

For specific guidance in the treatment inflam-
matory flexor tenosynovitis, we developed a 
stage-related treatment regimen (Table 6.3) [67].

Stage 1 cases receive conservative therapy of 
self-massage with an acupressure ring (Fig. 6.34) 
or brush massages (with a toothbrush) to stimu-
late blood flow [67]. In addition, local overnight 
ointment dressings with Ichtolan® 20% 
(Ammonium bituminosulfonate, Ichtyol®, 
Hamburg, Germany) are applied for 10  days. 
Local ice therapy and nonsteroid anti- 
inflammatories can also be used [67]. The climb-
ers are advised to either rest or to implement 
H-taping during climbing, depending on the 
extent of complaints or professional ability (e.g., 
during World Cup season, rest may not be possi-
ble). H-taping biomechanically deflects the angu-

lation of the tendon and thus decreases friction at 
the distal rim of the A2 pulley and the proximal 
rim of the A4 pulley [43].

If the tenosynovitis persists beyond 6 weeks, the 
condition is considered chronic (stage 2), and injec-
tions into the tendon sheath are recommended. 
Various substances such as corticosteroids (triam-
cinolone, dexamethasone), hyaluronic acid, plate-
let-rich plasma (PRP), or NSAIDs are used for 
injection therapy [77–81]. We mostly perform ste-
roid or PRP injections. Although these injections 
have been reported to show beneficial effects [19], 
they are controversial since inadvertent intratendi-
nous injection (instead of a peritendinous injection) 
of corticosteroids may cause tendon rupture [75, 
82]. Therefore, correct injection technique is essen-
tial. Based on our own experiences, we favor a crys-
talloid corticosteroid (dexamethasone) in a 
prefabricated mixture with lidocaine (Supertendin®, 
Carinopharm, Elze, FRG), as this is the least vis-
cous injection mixture and can be administered 
through a thin hypodermic (insulin) needle 
(27Gx0.5). Per injection, 0.1–0.2  mL is adminis-
tered. The injection localization is defined as the 
point of the largest halo ring detected via ultra-
sound. The injection is performed in two areas. 
Following proper skin disinfection, the needle is 
inserted at a 60° angle pointing to the fingertip until 
it reaches the flexor tendons. The patient is then 
directed to flex the finger, causing the needle to 
move with the flexor tendon. The needle is retracted 
until the tendon can move freely, and only the tip of 
the needle remains in contact with the tendon, at 

Table 6.3 Stage-related treatment regimen for tenosynovitis of the finger flexor tendons in climbers (Modified after 
Schöffl et al. 2019b)

Stage Time frame since onset of pain Therapy Climbing rest
1 < 6 weeks Conservative, icing, local 

therapy with acupressure ring
0–14 days, then stepwise climbing 
load increase with H-taping [18]

2 >6 weeks
(or after failed conservative 
therapy >4 weeks)

Local infiltration with 
“Supertendin®” (corticosteroid)
Reinjection after 7–10 days or 
radial shock wave therapy

No climbing or hand-related sports in 
between the injections and at least for 
10 days after the second injection, 
then stepwise climbing load increase 
with H-taping [18]

3 Persistent pain >6 weeks after 
second injection

Medicinal leech therapy 14 days rest, then stepwise climbing 
load increase with H-taping [18]

4 Persistent pain >6 weeks after 
failed leech therapy

Surgical tenosynovectomy 6 weeks rest, then stepwise climbing 
load increase with H-taping [18]
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which point 0.1 mL is injected (Fig. 6.35). In the 
second step, the needle is inserted further through 
the flexor tendons until it reaches the bone. This 
guarantees that the needle tip’s open lumen is in the 
space between the deep surface of the flexor ten-
dons and the bone, where the second part of the 
injection (0.1 mL) is administered (Fig. 6.36) [67]. 
We always aim to perform two injections 7–10 days 
apart and prescribe climbing rest for at least 10 days 
after the second injection.

In an outcome analysis, we recently reported 
on 42 climbers with tenosynovitis, of which 31 
climbers were free of pain (73.8%) after two ste-
roid injections and a mean time frame of 21 days 
[67]. Only nine patients required another ongoing 
therapy. All athletes could restart their climbing, 
and all patients except one regained their pre- 
injury climbing level. No complication based on 
the injections occurred during the study [67].

Radial shock wave therapy can be used instead 
of injections at certain stages [73, 76]. Radial 
shock wave therapy has demonstrated effective-
ness in the therapy of chronic, non-inflammatory 
tendinosis, based on an increased neovasculariza-
tion [73]. Before administering radial shock wave 
therapy, the stage of the tenosynovitis needs to be 
evaluated carefully, as this technique is contrain-
dicated in acute inflammatory tendonitis. Thus, 
looking at our strict regimen, it may be applied in 
stage 2 instead of injections.

In patients who do not respond to injection or 
radial shock wave therapy, we administer medici-
nal leech (hirudo medicinalis) therapy (stage 3) 
(Fig. 6.37). In this treatment, a medicinal leech is 
applied at the tenosynovitis site after needle punc-
ture and left there until it lets go. Fourteen days of 
climbing rest are prescribed afterwards. Leeches 
act by withdrawing blood and injecting active 
substances through their saliva into the host tissue 
[83]. During this process, more than 100 sub-
stances are injected [83–85]. Active substances 
identified within leech saliva today include hiru-
din, factor Xa inhibitor, and hyaluronidase [83]. 
These substances have anticoagulant, thrombo-
lytic, anti-inflammatory, and pain-relieving 
effects [83–85]. With these described effects as 
well as the positive effect on symptomatic osteo-
arthritis at the first carpometacarpal joint, we 
started using medicinal leeches as an alternative 
before surgery [86]. After positive preliminary 
results in our patients with tenosynovitis and cap-
sulitis and in literature [83–85], we added this into 
our therapeutic regimen (stage 3).

A tenosynovectomy (stage 4 therapy) is only 
necessary in very rare conditions [19, 67]. In the 
aforementioned study, no tenosynovectomy was 
necessary in any patient [67].

FDS and
FDP

Base phalanx

A2 pulley
Tendon
sheath

Fig. 6.35 Technique of steroid injection into the tendon 
sheath (Schöffl et al. 2019)

FDS and
FDP

Base phalanx

A2 pulley
Tendon
sheath

Fig. 6.36 Technique of steroid injection into the tendon 
sheath (Schöffl et al. 2019)
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• History: Overstrain, chronic, extensive 
crimping

• Onset: Acute, sometimes chronic
• Clinical: Point tenderness of the tendon 

sheath at the rim of the pulley, sometimes pal-
pable swelling

• Diagnostic: Clinical finding, ultrasound, MRI 
optional

• Therapy: Conservative, in persistent pain 
>6 weeks local steroid injections (twice)

• Outcome: Good, surgical revision rarely 
necessary

6.3.5  Joint Capsule Damage 
and Collateral Ligament 
Injury

Pulling on one-finger pockets causes high stress 
upon the fingers’ passive joint structures, the 
articular capsule, and the ligaments (Fig. 6.38). 
The climber also tries to reduce the strength 

needed for pulling by jamming the finger in the 
pocket (Fig. 6.39). This can strain or rupture both 
the joint capsule or collateral ligaments.

An injury to the palmar plate typically 
occurs when the finger is jammed in a one- or 
two-finger pocket and while the climber tries to 
continue with the next move, resulting in a 
hyperextension force to the joint [19]. The 
diagnosis must include radiographic examina-
tion to exclude an associated avulsion fracture 
at any of the ligamentous attachments 
(Fig. 6.40). During a hyperextension injury of 
the PIP joint, the palmar plate can torn off the 
bone, sometimes with a little osseous fragment 
(Fig.  6.41). The collateral ligaments are 
assessed through ultrasound or fluoroscopy. 
Often, fractures can be visualized using ultra-
sound as well (Fig. 6.42). If joint capsuloliga-
mentous injury is neglected, it can lead to 
flexion contracture or deviation deformity of 

Fig. 6.37 Medicinal leech therapy in a chronic 
tenosynovitis

Fig. 6.38 Passive joint capsule stress in hanging onto a 
“mono” (Photo: E.Haase)
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the finger (Fig.  6.43) with chronic decreased 
range of motion and dysfunction (Figs.  6.44 
and 6.45). Chronic joint effusions and synovitis 
can also cause joint contractures.

6.3.5.1  Therapy
Depending on the stability of the joint, treatment is 
usually early functional range of motion exercises 
facilitated by buddy taping. A short period of 
immobilization may be necessary in the case of 
joint instability or an associated unstable fracture. 
Overall, the goal is as little immobilization as pos-
sible because prolonged immobilization leads to a 

Fig. 6.39 Shear stress onto the fingers joint capsule in a 
one-finger pocket

Fig. 6.40 Osseous collateral ligament avulsion after jam-
ming in a pocket

Fig. 6.41 Fracture of the palmar plate caused by overex-
tension and a stuck finger in a pocket

Fig. 6.42 Fracture detection in the ultrasound

V. Schöffl et al.
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higher rate of contracture. Only chronic instabili-
ties of a high-grade require surgical treatment. It is 
important to remember that untreated joint capsule 
injuries frequently lead to these contractures, which 

are reported in a high number of older climbers 
(Figs. 6.44 and 6.45) [87–89]. In few cases, a pro-
longed inflammatory response can occur, which 
can be difficult to treat and will also lead to perma-
nent articular damage (Figs. 6.46 and 6.47).

• History: Pulling on a one-finger pocket, finger 
jams

• Onset: Acute
• Clinical: Joint capsule swelling, painful 

reduced range of motion, joint instability, pain 
while pulling in the open grip position

• Diagnostic: Clinical finding, X-ray, ultra-
sound, optional fluoroscope

• Therapy: Early functional, rarely complete 
immobilization

• Outcome: Can lead to contracture

Fig. 6.43 In dislocation fused avulsion fracture of the 
palmar plate

Fig. 6.44 Contracture of multiple fingers in a long-time 
climber

Fig. 6.45 Contracture of multiple fingers in a long-time 
climber

Fig. 6.46 Excessive inflammatory reaction after joint 
capsule injury. This case could be finally treated well with 
radiotherapy, but a persisting reduced range of motion 
resulted

6 Hand and Fingers



88

6.3.6  Chronic Capsulitis (Intra- 
Articular Synovitis)

High peak pressure within the finger IP joints 
during the crimp position causes the release of 
aggressive enzymes that can lead to a chronic 
inflammation of the joint capsule. If left untreated, 
chronic capsulitis is a precursor to chronic osteo-
arthritis (Figs. 6.48 and 6.49).

The term “capsulitis” is used to describe 
chronic synovitis of the finger (or toe) joints in 
climbing medicine. These can be caused by either 
repetitive stress or a single traumatic event with 
reactive effusion within the joint. The climber 
complains of early morning stiffness and swell-
ing of the finger joints, a reduced range of motion, 
and pain, which often improves after activity 
(Fig.  6.50). The clinical examination shows a 
joint capsule effusion and typically dorsally sided 
pain under pressure and palpation. Overall, the 
increased thickness of the small finger joints, as 

seen in many long-term climbers, is not a pathol-
ogy per se (Fig. 6.51) but is rather thought to be a 
functional adaptation of the joint capsule and col-
lateral ligaments to the stresses of climbing [87, 
89]. About 40% of climbers have these thicken-
ings of the finger middle and end joints [87, 89]; 
some cases are just soft tissue adaptations and 
others are chronic joint effusions [20]. Frequently, 
there is a correlation with extensive use of the 

Fig. 6.47 Collateral ligament tear. (Pic by Tiffany Fung)

Fig. 6.48 Sonographic finding in a capsulitis

V. Schöffl et al.
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crimping position. In this position, the finger PIP 
joint is almost completely flexed, and the DIP 
joint is hyperextended. The stress on the cartilage 
is concentrated onto certain areas of the joint and 
is not evenly distributed over the whole articular 
surface. These high-pressure peaks cause micro-
injuries and tears of the cartilage and a release of 

aggressive enzymes into the joint. This can result 
in a reactive inflammatory reaction of the syno-
vial membrane leading to hyperemia and effu-
sion, which results in swollen joints in the clinical 
presentation and shows a joint space widening in 
X-ray examination (“X-ray sign 1”) [90]. Also 
the X-ray may show an inflammatory-edematous 

proximal
phalanax

metacarpal

joint effusion

pulley

tendon

volar plate

bursa containing
synovial fluidarticular cartilage

articular capsule

synovial membrane

direction of force

intermediate
phalanx

proximal
interphalangeal

phalanx (PIP) joint

Fig. 6.49 Capsulitis following a collateral ligament tear (pic by Tiffany Fung)

Fig. 6.50 Finger middle joint swelling at the ring finger 
in capsulitis

Fig. 6.51 Stress adaptations of the joint capsule after 
more than 35 years of climbing

6 Hand and Fingers



90

synovial membrane in respect of a thickened soft 
tissue presentation (“X-ray sign 2”) [90]. This 
effusion itself stresses the synovia and can be the 
start of a vicious circle of overstrain, effusion, 
and synovitis, leading to a chronic capsulitis and, 
if untreated, to osteoarthritis and joint destruction 
[58, 90–93].

The chronic effusion is mostly visible on the 
dorsal aspect of the respective joint. It leads to a 
restricted range of motion, reduced fine-motor 
coordination, and dull pain. The dull pain is very 
characteristic and based on the chronic irritation 
of the joint capsule nerve endings.

Table 6.4 shows our therapeutic regimen. 
Immediate joint stress reduction by decreasing 
climbing volume and intensity is an essential first 
step in management. In addition, local anti- 
inflammatory therapy is performed using prac-
tices including but not limited to icing, movement 
therapy (e.g., TheraBand Hand Exerciser®, soft-
ball, Qi-Gong balls, finger massage ring, or acu-
pressure ring), and traction therapy. In more 
chronic conditions, hand baths with a medical 
sulfur solution, ointment dressings (e.g., 
Ichtolan® 20% (Ammoniumbituminosulfonate, 
Ichtyol®, Hamburg, Germany), and exercising 
with therapy putty are used. If all of these fail, we 
perform fluoroscopy-guided intra-articular injec-
tions of steroid, hyaluronic acid, or platelet-rich 
plasma (PRP) (Fig. 6.52). Combinations of treat-
ments are used frequently (e.g., initial treatment 
with an anti-inflammatory steroid injection fol-
lowed by a PRP injection 1 week later). In cases 
of persistent symptoms, a radio-synoviorthesis 
with erbium shows good results [87]. 
Alternatively, medicinal leech therapy can be an 
effective treatment. We recommend an additional 
substitution with chondroitin and glucosamine.

• History: Extensive crimping, high stress load
• Onset: Chronic
• Clinical: Joint swelling, dull pain, pain while 

moving
• Diagnostic: Clinical finding, ultrasound
• Therapy: Difficult, often long-term,  

intra- articular injections, sometimes 
radiosynoviorthesis

• Outcome: Good, but may take a long time 
(1–2 years)

6.3.7  Osteoarthritis

The question of whether long-term high-level 
climbing causes osteoarthrosis of the finger joints 
is widely discussed and also a topic of many sci-
entific analyses. Studies report a positive correla-
tion between climbing years and climbing level 
with osteoarthritic changes of the fingers [21, 
94–97] (Figs. 6.53, 6.54, and 6.55). For further 
details regarding osteoarthritis in climbers, please 
refer to Chap. 13: Long-Term Effects of Intense 
Rock Climbing. The treatment options for osteo-
arthritis include movement therapy, anti- 
inflammatories (topical or oral), cryotherapy, 
intra-articular injections (e.g., steroid, hyaluronic 
acid, platelet-rich plasma, stem cells, autologous 
fat), and radiation therapy.

• History: Long-term intensive climbing, 
genetic predisposition.

• Onset: Chronic.
• Clinical: Joint swelling, decreased range of 

motion, pain.
• Diagnostic: Clinical finding, radiography.
• Therapy: Multiple options—conservative, 

injectable, radiation therapy, surgery.
• Outcome: The goal is to decrease symptoms 

and slow progression, with response to treat-
ment and rates of degeneration varying widely.

6.3.8  Extensor Hood Syndrome

In athletes with a long history of climbing activity, 
progressive osteoarthritic changes of the small fin-
ger joints have been observed [88, 95, 98–100]. 
These changes can present as large bone spurs on 
both the flexor and extensor sides of the phalanges 
[65, 98] (Fig.  6.56). With repetitive use of the 
crimping position during climbing, these bone 
spurs can produce irritations to the extensor ten-
dons [98] (Fig.  6.57). We reported on 13 rock 
climbers in a 3-year period complaining of dor-
sally sided pain of the proximal and/or the distal 
interphalangeal (PIP/DIP) joints [98]. Plain radio-
graphs revealed dorsal bone spurs (osteophytes) 
on the PIP joint in all climbers and on the DIP joint 
in three climbers [98]. According to the Kellgren-
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Lawrence scale [22], the radiographs (found bilat-
erally in seven cases) revealed 5 grade 2, 12 grade 
3, and 3 grade 4 osteoarthritis. Each of these dorsal 
bone spurs was causing irritation of the extensor 
mechanism, resulting in fluid accumulation and 
tendonitis. In two cases, the dorsal osteophyte was 
fractured at the time of presentation [98].

Treatment for extensor hood mechanism is 
primarily conservative with anti-inflammatory 
ointment dressings, anti-inflammatory hand 
baths, or local steroid injections. In rare cases, 
however, a surgical excision of the dorsal-sided 
bone spurs is necessary to alleviate the extensor 
tendon irritation [98].

Fig. 6.54 Osteoarthritis in many finger joints in an 
60-year-old climber who still climbs at a UIAA level 9 
(YDS 5.12.c, Fr 7b+)

Fig. 6.55 Radiographic finding of osteoarthritis in a 
long-time climber (over 35  years of climbing). 
Surprisingly, the climber is almost pain-free!

Fig. 6.56 Extensor hood syndrome in fluoroscope 
imaging

Fig. 6.52 Injection under fluoroscope monitoring

Fig. 6.53 Osteoarthritis in many finger joints in an 
60-year-old climber who still climbs at a UIAA level 9 
(YDS 5.12.c, Fr 7b+)
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• History: Many years of climbing, with dorsal 
osteophytosis of the IP joints and gradual 
onset of dorsal-sided finger pain

• Onset: Chronic
• Clinical: Dorsally sided pain over the fingers’ 

middle or end joint
• Diagnostic: Clinical finding, radiographic, 

ultrasound
• Therapy: Mostly conservative
• Outcome: Good with conservative treatment, 

though sometimes surgical treatment is 
necessary

6.3.9  Flexor Tendon Strains 
and Tears

Directly injured flexor tendons were observed in 
relatively few cases, most often caused by a sud-
den stress on a hand or finger in a hanging posi-

tion (e.g., the foot slipping off a foothold) [19, 
74] (Figs.  6.58 and 6.59). Tendon strains occur 
most frequently, whereas direct tears, complete 
or partial, are rare. Patients with flexor tendon 
strains present with pain running along the flexor 
tendon [58]. This pain increases in the open fin-
ger grip position and can sometimes be absent in 
a crimping position. Often, a strain of the lumbri-
cal muscle is also present, and lumbrical shift 
sign will be positive. Physical examination 
should include isolated testing of the flexor digi-
torum profundus and superficialis, with the deep 
flexor tendon more commonly injured. The deep 
flexor tendons (FDP) are mostly affected. For 
further diagnoses, ultrasound and MRI are uti-
lized. In flexor tendon strains, the recovery can be 
prolonged, and the reoccurrence rate is high. 
Therapy is conservative combined with 
 therapeutic ultrasound, radial shock wave ther-

Fig. 6.57 Extensor hood syndrome Fig. 6.58 Complete rupture of the deep flexor tendon 
after a one-finger pocket move
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apy, and light eccentric training in a later stage of 
the rehabilitation. In rare cases, a partial tear of 
the tendon occurs, which can lead to tendon nod-
ules and triggering [101, 102].

Open tendon injuries are common findings in 
general trauma and orthopedic patients and 
require primary surgical treatment. Closed 
lesions are more difficult to detect. A differentia-
tion between complete or partial rupture must be 
made. A lesion of less than 60% of the tendons 
diameter should be treated conservatively [103]. 
Multiple biomechanical in vivo and ex vivo stud-
ies have demonstrated that conservatively treated 
partial tendon ruptures have a higher tear resis-
tance (p < 0.05) compared to those which are sur-
gically treated [103]. Chronic degenerative 
tendon ruptures such as those seen in rheumatoid 
arthritis patients must be distinguished from 
these traumatic ruptures. In rock climbers, we see 
a combined entity, with a chronic tendinosis and 
degeneration and, finally, an acute tear. High 
intensive stress combined with chronic tenosyno-
vitis and tendinosis can lead to a rupture of the 
tendon, even after minor mechanical stress [19]. 
Additionally, the poor blood supply of the ten-

don, microtrauma, and microscopic structural 
damage can lead to a modest prognosis.

These complete tendon tears are surprisingly 
rare and require surgical treatment (Fig.  6.60). 
Usually, these degenerative attrition tendon rup-
tures leave the tendon in poor condition for repair, 
so other reconstructive surgical techniques are 
required, such as arthrodesis or tendon transfer. If 
the tear is at the level of the distal interphalangeal 
joint, flexor tendon reconstruction using free ten-
don grafting or DIP joint arthrodesis are the best 
options [19, 58, 104].

Flexor tendon closed avulsion injuries occur 
at the insertion of the FDP tendon to the distal 
phalanx. This injury is seen most frequently on 
the fourth finger, where the FDP-tendon is 
embedded in between the double-sided lumbri-
cal tendons as shown by Manske and Lesker 
[105] in cadaver dissection. We have verified 
that this injury in rock climbers occurs in the 
setting of chronic degenerative damage to the 
tendon [104, 106].

These injuries often result in poor postopera-
tive outcomes [19]. Four factors determine the 
prognosis of avulsion injuries: the extent of the 
retraction of the tendon, the remaining blood sup-
ply, the time interval between trauma and sur-
gery, and the presence and size of an osseous 
fragment [107]. Recently, Schweizer et al. [108] 
reported on closed disruption of a single flexor 
digitorum superficialis tendon in three cases, two 
in climbing, one in judo. With conservative and 
functional treatment, all three patients regained 

Fig. 6.59 Complete rupture of the deep flexor tendon 
after a one-finger pocket move

Fig. 6.60 Degenerative spontaneous rupture of both 
flexor tendons of the small finger while climbing

V. Schöffl et al.
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normal function and return to sport. The authors 
concluded that the disruption of one FDS tendon 
slip is a differential diagnosis for a popping inci-
dent in the finger, which is typically associated 
with a closed flexor tendon pulley injury [108].

In rare cases, osteophyte irritation of the flexor 
tendons can occur and may require surgical 
removal to relieve pain and prevent future attri-
tion rupture of the tendon [65, 74] (Fig. 6.61).

• History: Mostly degenerative, due to tendino-
sis. In rare cases, acute blunt disruption.

• Onset: Acute.
• Clinical: Loss of function, pain in a hanging 

finger position. Frequently in combination 
with lumbrical muscle strain or tear.

• Diagnostic: Clinical findings, ultrasound, 
MRI optional.

• Therapy: Conservative mostly, surgical in 
complete tears.

• Outcome: Recovery can be prolonged. 
Sometimes a joint fusion or tendon recon-
struction is necessary.

6.3.10  Ganglion Cysts

Flexor tendon sheath and pulley ganglion cysts 
are frequent in rock climbers [74, 109, 110]. 
They are caused by high local pressure onto the 
flexor tendon sheath from sharp edges of finger 
holds, leading to microinjuries and tears which 
eventually form a ganglion cyst. However, 
flexor tendon sheath and pulley ganglia are not 
exclusive to climbing [111]. In climbers, they 
mostly occur on the palmar side but sometimes 
also on the extensor side, often in combination 
with a joint effusion (Figs.  6.62 and 6.63). 
Clinically, they are easy to detect; otherwise, 
ultrasonography can confirm the diagnosis 
(Figs. 6.64 and 6.65) [6, 19, 70, 112]. The treat-
ment is conservative; sometimes, the cysts dis-
solve by themselves through direct pressure 
applied either while climbing or from gentle 
self-massage. Sometimes, a puncture and local 
steroid instillation are necessary. If these con-
servative options fail, surgical excision can be 
performed. An open surgery technique is used in 
order to visualize and protect the digital nerves 
during the ganglionectomy procedure.

Fig. 6.61 Flexor tendon irritation based on a palmar- 
sided bone spur, which later needed surgical removal. The 
climber later regained international top climbing level Fig. 6.62 Extensor sided ganglion
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• History: Microtrauma
• Onset: Slow
• Clinical: Pressure tenderness, palpable 

nodule
• Diagnostic: Clinical finding, ultrasound

• Therapy: Conservative, sometimes steroid 
instillation

• Outcome: Good

6.3.11  Epiphyseal Growth Plate 
Fractures in Adolescent 
Climbers

Epiphyseal fracture of the finger middle phalanx 
base is an injury specific to high-level adolescent 
sport climbers [113]. Since the first reported case 
in 1997, there have been more than 100 of these 
fractures reported in literature [113–117], and 
recent reports show an increase in incidence 
[110, 118, 119]. Presently, they are reported to be 
the most frequent climbing-specific injury in 
adolescent climbers [113]. Most recently they 
have also been related to an increase in speed 
climbing training [120]. With the inclusion of 
climbing in the Olympics, a continuously increas-
ing number of these injuries are to be expected, 
as overall training time and intensity will increase 
and the age of high level climbers will continue 
to decrease [121]. Patients are typically between 
13 and 15 years old and in the phase of the puber-
tal growth spurt. The fractures are mostly “tran-
sient” fractures, meaning fractures during the 
phase of growth plate closure, where the palmar 
part of the growth plate is already fused and the 
dorsal part is still widely open [122] (Fig. 6.66) 
The middle or ring fingers are most commonly 
affected, and these fractures are believed to be 
caused from repetitive stress and microtrauma 
rather than from a single acute event [113]. 

Fig. 6.63 Pulley ganglion as a random finding during 
surgery

Fig. 6.64 A2 pulley ganglion in a transverse ultrasound 
plane

Fig. 6.65 A2 RB pulley ganglion in a longitudinal ultra-
sound plane
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Nevertheless, in a higher number of cases, the 
patients refer to a final, evolving event, e.g., one 
hard campus board workout or one exceptionally 
intense bouldering session.

These fractures are caused by the high pres-
sure onto the dorsal aspect of the growth plate in 
a crimping position [113]. In addition, the pulling 
forces of the extensor tendon central slip is at the 
dorsal growth plate [115, 122, 123]. Bartschi 
et al. [124] also report a translatory shift of the 
fingers’ middle phalanx base on the proximal 
phalanx head as a possible additional cause. The 
pulling force of the flexor tendons shifts the dor-
sal cortex in a crimping position dorsally, while 
the pressure from the palmar side onto the finger-
tips during crimping also pushes the cortex dor-
sally. Thus, two forces are applied to the dorsal 
growth plate fragment from two sides, shifting it 
dorsally.

We found that out of 16 youth climbers with 
finger pain, 14 revealed an epiphyseal fracture on 
magnetic resonance imaging and one climber 
showed bilateral fractures [110]. Of 20 injured 
young climbers up to the age of 14, 14 (70%) had 
an epiphyseal fracture [110]. Thus, an epiphyseal 
growth plate fracture is by far the most frequent 
injury in young climbers [125], with the overall 
incidence still increasing [95].

6.3.11.1  Diagnosis
The growth plates of the finger bones are not 
closed until the age of 17–19  years. Growth 
plates are the weakest structure of the finger in 
adolescents and are most susceptible to injuries 
[115]. As soon as pain without an obvious trauma 
in the PIP joints is apparent in an adolescent, the 
crimp grip position should not be allowed at all 
until the pain disappears or the growth plates 
have closed at the age of 17–19 years. In the clin-
ical presentation, the climbers report dorsally 
sided pain at the PIP joint, mostly at the base of 
the middle phalanx. There is pressure tenderness 
at that area, sometimes accompanied by minor 
swelling and a palpable protruding bone frag-
ment (Fig. 6.67).

After clinical suspicion, a standard radiograph 
can be performed to diagnose a fracture 
(Fig. 6.66). It is important to note that the mostly 
obliquely oriented fracture lines are obscured and 
may not be visible in conventional radiographs. If 
the plain radiographs are negative and there is a 
high index of suspicion for fracture, CT scan and/
or MRI should be performed to rule out an occult 
fracture [123] (Fig.  6.68). A standardized 
diagnostic- therapeutic algorithm is currently 
published [126]. We recommend an MRI in all 
adolescent climbers with persistent finger pain 
for 2 weeks after sufficient rest and in the absence 
of acute finger trauma.

The fracture pattern is usually Salter-Harris 
type III (81%) [113, 114] on mostly the middle 
finger but sometimes the ring finger [63, 113, 
114, 125]. Sonographic detection of these inju-
ries is far more difficult. While many of them are 
detectable, some are not; thus, a normal ultra-
sound does not exclude an epiphyseal fracture. 
Nevertheless, as described in prior chapters, all 

Fig. 6.66 Epiphyseal growth plate fracture as a transient 
fracture (age: 13 years)
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finger injuries receive a diagnostic ultrasound 
evaluation in our clinic. If growth plate injuries 
are not diagnosed and neglected, they lead to per-
manent PIP joint osteoarthritis, often with stiff-
ness, pain, and deformities (Fig. 6.69).

6.3.11.2  Therapy
Non-displaced fractures receive conservative ther-
apy, including complete rest from climbing and 
gentle finger range of motion exercises until frac-
ture healing, which usually occurs within 
2–4 months [115]. Immobilization is usually not 
necessary, but the climber must cease all finger- 
stressing exercises until fracture healing has been 
confirmed. This also includes isolated hang board 
training with the neighboring fingers, as the exten-
sor tendons are interconnected at the level of the 
metacarpophalangeal joint. Due to this connec-
tion, a training-related stress onto the ring finger 
also leads to a stress to the extensor tendons of the 
middle finger. This results in increased stress of 
the middle finger’s growth plate, even if the mid-
dle finger is not directly involved in gripping dur-
ing the exercise. A stepwise return to climb 
regimen was recently published by Meyers et al. 
[127]. Results of conservative management are 
excellent in patients who present with acute, non-
displaced fractures. Patients presenting with 
chronic or displaced fractures may heal with con-
servative treatment, but some have incongruity of 
the middle phalanx base at the fracture site. 
Patients who continue to climb without allowing 
their fractures to heal are likely to develop osteo-
necrosis of the epiphyseal fracture fragment, with 
resultant permanent angular deformity and stiff-
ness of the affected joint. Acute fractures with sig-
nificant displacement are treated with closed 

Fig. 6.67 Clinical finding in an epiphyseal growth plate 
fracture; note the protruding dorsal bone

Fig. 6.68 Epiphyseal growth plate fracture in the 
MRI. The normal radiographs could not detect a fracture 
(age: 13 years)! MRI diagnostics are mandatory in clinical 
suspicion if the normal radiographs are negative

Fig. 6.69 Malunion of a growth plate fracture. No ther-
apy was performed
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reduction +/− percutaneous k-wire fixation. 
Rarely, an open reduction is considered if closed 
treatment fails; however, risk of an open procedure 
to the growth plate must be considered. In the case 
of mild displacement of the fracture, we still treat 
conservatively but immobilize for 2–3 weeks. In 
cases with a delayed osseous healing, we perform 
a CT scan to evaluate for sclerosis at the fracture 
margins, a sign of established nonunion, which 
will prevent bone healing without surgical manip-
ulation (Fig. 6.70). If a CT scan shows a displaced 
fracture and sclerosis, we treat the injury with sur-
gical epiphysiodesis via spot drilling [122] 
(Figs. 6.71 and 6.72). Recently a therapeutic algo-
rithm was established and evaluated [128].

6.3.11.3  Results
In our series of 16 youth climbers with finger 
epiphyseal fractures, we found that nine (56%) 

showed complete healing, five (31%) had incon-
gruence of the joint space, and two (13%) cases 
resulted in a deformity. In another study, we 
found that 70% of the youth climbers with epiph-
yseal fractures had good outcomes, whereas 23% 
were still pending and one case (4.5%) had per-
manent damage [113]. Lastly, we reported that 
intensive finger training (campus boarding, a pre-
viously known risk factor for epiphyseal frac-
tures) during adolescence can lead to early-onset 
osteoarthritis of the hand up to a decade later 
[95]. We also described good outcome of patients 
treated with surgical spot drilling epiphysiodesis 
[122]. To date, we have performed these spot 
drillings in about ten cases, all with good results 
and complete fusion and fracture healing within 
8–10 weeks.

The most important intervention factors for 
prevention of epiphyseal fractures are sports 

Fig. 6.70 Therapy-resistant sclerosed epiphyseal growth 
plate fracture (age; 15 years, female)

Fig. 6.71 Surgical spot drilling in patient of Fig. 6.70
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medical education and close sports medical sur-
veillance of competitive adolescent climbers, 
with the avoidance of certain high-stress train-
ing exercises in this age group (e.g., campus 
board, training board with extra weight). The 
use of the campus board was shown in several 
studies to be a significant risk factor for the 
development of an early onset of finger joint 
osteoarthritis in adolescent high-level climbers 
[95]. Some eager  trainers argue against this, 
stating that the junior climbers are also crimping 
during climbing, which is also provoking the 
injury. Nevertheless, we think that the extra 
stress of an additional campus board training or 
hang board training with extra weights certainly 
adds to the overall training load and may not 
even be necessary in this age group. Even 
though the pubertal growth spurt is considered 
the high-risk phase for these fatigue fractures, 
we have seen them in younger athletes without 

any signs of puberty onset (Tanner stage 0) and 
in athletes over the age of 18. Close training 
monitoring with analysis of the overall training 
load and avoidance of overly intensive load 
peaks is important. Additionally, sports medical 
supervision and annual clinical examination of 
the hands should be performed in youth climb-
ers. Overall, finger pain in an adolescent after or 
during climbing that does not abate after 1 week 
of rest should be managed as an epiphyseal frac-
ture until proven otherwise [113].

In conclusion, early detection of a growth 
plate fracture is critical to ensure high likelihood 
of healing without long-term consequences. 
Thus, educating sports medical doctors, trainers, 
athletes, and parents is crucial in order to instill 
acute clinical awareness for this injury in youth 
climbers with finger pain at the PIP joint level.

• History: Chronic, mostly crimping position
• Onset: Slow, sometimes acute initiating event
• Clinical: Dorsal-sided PIP joint tenderness
• Diagnostic: Clinical finding, MRI
• Therapy: Mostly conservative, sometimes 

surgical spot drilling epiphysiodesis
• Outcome: Good if treated, very bad if 

neglected (permanent damage)

6.3.12  Lumbrical Shift Syndrome 
and Lumbrical Muscle Tears

Injuries to the lumbrical muscles have been 
reported to be rare climbing-specific injuries by 
Schweizer et al. [129]. In recent years, we have 
seen an increasing number of these injuries in our 
patients as well as in international, top-level 
climbers [109, 121, 130].

The pathomechanics of lumbrical muscle 
injury are related to the “quadriga effect” 
(Fig. 6.73), which describes a shear stress on the 
bipennate third or fourth lumbrical muscles to the 
ring and small fingers, respectively. These two 
lumbricals frequently have a dual origin from 
adjacent flexor digitorum profundus tendons, so 
shear stress injury to the muscle can occur [129–
131] from gripping positions in which one or two 
fingers are extended while the neighboring fin-

Fig. 6.72 MRI with complete fusion after 4 months
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gers are flexed by force [129, 131]. Typically, this 
occurs in one- or two-finger pockets.

This finger position increases the maximum 
strength by up to 50% but causes a shift of the 
FDP tendons and the common muscle body of 
the various fingers against each other, leading 
to muscle strains or partial tears [130] 
(Fig. 6.74). Injuries typically occur within the 
third or fourth lumbrical muscles because 
these are the only ones that have a bipennate 
origin [130, 132–134].

6.3.12.1  Diagnosis
The diagnosis is made using the lumbrical stress 
test (Fig. 6.1). This test is positive when pain is 
elicited while loading the injured finger in exten-
sion, with the adjacent fingers flexed. The pain is 
at the palm, sometimes radiating into the forearm 
along the course of the FDP tendon of the 
 respective finger (Fig. 6.75). If the climber pulls 
with all fingers in extension, there is no pain. 
Also, crimping is usually pain-free. A detailed 

overview shows the three different grades of inju-
ries (Fig. 6.5). Ultrasound shows an edema of the 
lumbrical muscle (grade II injury) or even a 
hematoma (grade III injury). In cases of hema-
toma (grade III injury), an MRI should be per-
formed (Figs. 6.76 and 6.77).

6.3.12.2  Therapy and Outcome
Therapy consists of symptomatic treatment, tap-
ing, and carefully stretching of the muscle [129] 
and follows our guidelines (Fig.  6.78) [135]. 
Initially, a rest from climbing and careful move-
ment exercises are recommended. Immobilization 
is only required in high-grade injuries. 
Immobilization of the injured lumbrical muscle 
is initially performed through buddy taping and 
later through specific lumbrical taping (see Chap. 
22 “Taping”). It is important to start with stretch-
ing exercises early, which is done in the same 
way that the injury was provoked but with much 
less load [27]. In addition, radial shock wave 
therapy has been shown to provide good pain 

Fig. 6.73 Lumbrical shift test
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relief [74]. Healing time is often prolonged with 
a high reoccurrence rate if exposed to similar 
stress. Lumbrical injuries are often correlated to 
flexor tendons strains.

We reviewed data from 60 consecutive patients 
with a positive lumbrical stress test, including 
clinical examination (n  =  60/60), ultrasound 
(n  =  60/60), magnetic resonance imaging 
(n  =  12/60), and outcome (n  =  60/60) [130]. 
Lumbrical muscle tears were graded as men-
tioned above (grade I–III injuries) [130]. The 
therapy consisted of adapted functional therapy 
[130]. Thirty percent of patients had grade I inju-
ries (micro-trauma), 53% had grade II injuries 
(muscle fibre disruption), and 16% had grade III 
injuries (musculotendinous disruption) [130]. All 
patients had an uncomplicated outcome with 
complete recovery and unaffected return to 
climbing [130]. The healing period in grade III 

injuries was significantly longer than in the other 
two groups (p < 0.001).

• History: One or two-finger pocket
• Onset: Acute
• Clinical: Positive lumbrical stress test
• Diagnostic: Clinical finding, ultrasound, MRI
• Therapy: Conservative
• Outcome: Often prolonged healing time, high 

rate of reoccurrence

Fig. 6.74 Typical two-finger pocket position with lum-
brical stress. (Pic by Tiffany Fung)

Fig. 6.75 Lumbrical muscle tear with clear swelling of 
the injured finger

Fig. 6.76 Ultrasound of the lumbrical rupture in the 
same patient
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Fig. 6.77 Lumbrical rupture in the MRI

6.3.13  Cellulitis and Other Soft 
Tissue Infections

Climbing-related minor cuts of the skin can cause 
bacterial infections of the skin (cellulitis), which 
can spread to the deep soft tissues of the finger 
and the flexor tendon sheath (suppurative tenosy-
novitis) (Fig. 6.79). The classic clinical findings 
of suppurative tenosynovitis are Kanavel’s cardi-
nal signs (fusiform finger swelling, tenderness of 
the flexor sheath, pain with passive extension, 
and slight flexed position of the finger). The 
ultrasound can help in the detection of an edema 
or pus in the tendon sheath. In the early stages 
(24–72 h), suppurative tenosynovitis can some-
times be treated conservatively, with splinting, 
elevation, and oral or IV antibiotics. However, 
after this initial period, urgent surgical incision 

Middle hand pain following lumbrical
muscle strain trauma

Grade I

Stress test positive

Ultrasound negative
(No imaging findings)

Micro trauma in the
lumbrical muscle

Lumbrical muscle fiber
disruption

Musculotendinous
disruption in the lumbrical

muscle

No lumbrical
muscle affection

Consider other
differential
diagnosis

2 weeks immobilization.
8 weeks functional

therapy
10 weeks tape after
reuptake of sports

8 weeks of  intensified
functional therapy

including tape

4 weeks of functional
therapy

Ultrasound positive
(oedema in lumbrical

muscle, w/wo
tenosynovitis)

Ultrasound positive
(hematoma) and MRI

proof of tendon
discontinuity at the FDP

origin

Stress test positive Stress test positive
pressure tenderness

Stress test
negative

Grade II Grade III

Fig. 6.78 Lumbrical rupture in the MRI
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and drainage +/− debridement are necessary to 
clear the infection before necrosis of the flexor 
tendons occurs (Figs. 6.80 and 6.81).

• History: Small skin breaks (cuts)
• Onset: Over a few hours to days
• Clinical: Kanavel’s cardinal signs
• Diagnostic: Clinical findings, ultrasound
• Therapy: Initially conservative, otherwise 

surgical
• Outcome: Dependent on early diagnosis and 

treatment

6.3.14  Irritations of Finger Nerves

While nerve compression syndromes in climbers 
(e.g., carpal tunnel syndrome, supinator syn-
drome) are described and explored in several 
studies [136, 137], finger digital nerve irritation 
is a less commonly discussed problem and occurs 
almost exclusively in climbers, particularly when 
climbing on sharp finger pockets or jamming in 
finger cracks. If the climber uses one- or two- 

finger pockets, the fingertip is often jammed into 
the pocket (Fig. 6.82) [58], resulting in localized 
pressure on one or both digital nerves at the level 
of the pocket edge. If this pressure is high-load, 
prolonged, or repeated, it can result in a neuro-
praxic injury to the digital nerve, which causes a 
temporary nerve conduction block (i.e., mild 
acute compression neuropathy), with resultant 
numbness, paresthesias, or neuropathic pain in 
the corresponding finger digital nerve territory. It 
is difficult to predict how long the recovery time 
of the respective nerve will be, but most resolve 
within a few days to weeks.

Fig. 6.79 Skin cuts are frequent

Fig. 6.80 Skin injuries can easily lead to infections 
(cellulitis)

Fig. 6.81 Nailbed infection after a minor injury
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Therapy is conservative, consisting of regular 
finger massage, range of motion, and nerve glid-
ing exercises as well as explanation of the cause 
of the problem to reassure the climber and help 
prevent further injury.

• History: High localized pressure onto the fin-
gers digital nerve (s)

• Onset: Acute
• Clinical: Numb fingertip
• Diagnostic: Clinical finding
• Therapy: Conservative
• Outcome: Excellent

6.3.15  Dupuytren Contracture

Historically, this is a disease that usually occurs 
in men between the age of 40 and 60 and is 
caused by genetic predisposition, with other risk 
factors including diabetes, hypothyroidism, epi-
lepsy, and chronic microtraumas associated with 
hard labor [138–140]. However, this condition is 
now on the rise in climbers, also those younger 
than 40. In a study published by Logan et al. in 
2005, an increased prevalence of 20% was 
described for Dupuytren’s disease in a relatively 
young rock climber sample (mean age 54 years) 
[141]. We have even seen several cases of early 
Dupuytren’s contracture in climbers under 18 
[19]. This condition is so rare among younger 

people that a number of young climbers who 
have suffered from it have actually been misdiag-
nosed with a malignant tumor [19]. In climbers, it 
is most likely caused by the repetitive stress and 
microtrauma to the palmar aponeurosis, which 
triggers the disease [19, 141]. Pervulesko et  al. 
developed a self-diagnostic tool for rock climbers 
which was also used to evaluate Dupuytren’s 
contracture frequency in climbers [142].

The therapy is prescribed according to sever-
ity and is mostly conservative. Most climbers 
only present with early stages, which rarely prog-
ress extensively (Fig.  6.83). In higher-grade 
stages (grade 3–4), various treatment techniques 
are available, including needle fasciotomy, 
Xiaflex® collagenase injection, radiation therapy, 
or selective fasciectomy surgery.

• History: Eecurrent mechanical stress onto the 
palmar aponeurosis

• Onset: Slow
• Clinical: Palpable and visible nodule
• Diagnostic: Clinical finding
• Therapy: Mostly conservative
• Outcome: Stage-related

6.3.16  Rope-Tangling Injuries, 
Avulsion Amputations

Rope-tangling injuries are an established pathol-
ogy in climbing accidents and were first reported 
in 2003 [143], followed by subsequent reports 

Fig. 6.82 Jamming in pockets can lead to finger nerve 
damage

Fig. 6.83 Dupuytren’s contracture in a climber
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which had different causative mechanisms [144, 
145]. There are three major mechanisms involved 
with rope-entanglement or rope-catching injuries:

 1. A sport climber takes a minor fall, just above 
the protection. While falling, he or she may 
grab the ascending rope, mostly as a reflex 
borne out by fear. This grabbing action is 
unnecessary, as “catching a fall” is the respon-
sibility of the belayer at the other end of the 
rope. However, by instinctively grabbing the 
rope close to the protection point, the follow-
ing injuries are possible. The climber may (1) 
catch the fall by him- or herself and get severe 
skin and soft tissue injuries in the palm, (2) 
get tangled with the belay point, (3) unwill-
ingly unclip the belay device which may cre-
ate the potential for more serious injuries, or 
(4) tangle the rope around his or her hand or 
fingers. All of these causative mechanisms 
have been reported [144].

 2. A climber takes a long fall and unintention-
ally grabs the rope that comes from the har-
ness. If the fall is long, more loose rope is 
involved. This longer rope can tangle or loop 
around the climber’s hand or fingers, and, 
once the rope tightens at the moment of the 
fall impact, the resulting tension causes avul-
sion amputations of one or more digits, frac-
tures, or severe contusions/bruises [144, 145].

 3. A climber takes a fall on a steep or overhanging 
route. As he or she is dangling by the rope 
beneath the last point of protection, the standard 
technique in sport climbing to get back onto the 
wall is to perform one or two pull-ups on the rope 
and then let go. With each pull-up, the belayer 
takes in the excess rope or runs backward to rees-
tablish rope tension. Thus, the climber can slowly 
make his way up the rope. However, we have one 
case study of a very experienced high-level 
climber who entangled his hand with the rope 
while performing this described technique which 
caused severe bruises, soft tissue damage, and 
metacarpal fractures.

The consequences are either avulsion amputa-
tions [144, 145] (Figs. 6.84 and 6.85), fractures 
or extensive soft tissue injuries (Fig. 6.86).

The best treatment for these injuries is preven-
tion, so climbers are advised to avoid grabbing the 
rope or carabiners during a fall [144]. In correct 
fall position, the hands should be away from the 
rope and used instead for stabilizing the body in 
the air during a fall [144] (Fig. 6.87) The therapy 

Fig. 6.84 Avulsion amputation through rope tangling in 
a climbers fall

Fig. 6.85 The finger could be replanted with interphalan-
geal fusion

Fig. 6.86 Climber fall injury caused by getting caught in 
a carabiner
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of these rope-tangling injuries depends on their 
severity and follows the general orthopedic trauma 
guidelines. In the most minor cases, only rest and 
gentle range of motion exercises are required. In 
the most severe cases in which there is avulsion 
amputation of one or more digits, emergency sur-
gical reconstruction in the form of digital replanta-
tion is required. Unfortunately, due to the wide 
zone of soft tissue injury in avulsion amputations, 
replanted digits often require further surgery, rang-
ing from revision surgery to address severe stiff-
ness to revision amputation surgery, if the digit 
necroses due to vascular compromise.

• History: Rope tangling during a fall or finger/
hand getting crushed in a carabiner

• Onset: Acute
• Clinical: Dependent on trauma
• Diagnostic: Physical examination and x-ray
• Therapy: Dependent on extend of injury
• Outcome: Dependent on extend of injury

6.3.17  Fractures

Most finger fractures in climbers are caused by 
direct trauma during rock fall or when hitting the 
rock during a fall. Another injury mechanism is 
an indirect trauma caused by a jammed hand or 
finger in a crack or pocket, causing non-axial 
forces or bending of the finger. Note that some 
minor fractures can present with the clinical 
symptoms of a pulley rupture; thus, in suspicion 
of a pulley rupture, an X-ray to exclude a fracture 
should be performed [32].

Finger fractures must be treated according to 
trauma/orthopedic surgical standards [19, 146, 
147] (Fig. 6.88) specific to the fractured bone and 
the fracture pattern. These treatments vary from a 
short period of rest and gentle range of motion 
exercises for 4–6 weeks to surgery for reduction 
and hardware fixation of the fracture.

• History: Mmostly direct trauma
• Onset: Acute
• Clinical: Deformity, pain while movement
• Diagnostic: Physical examination and X-ray, 

CT scan

Fig. 6.87 During a fall, the hands should be off the rope 
and used to stabilize the body in the air to avoid rope- 
tangling injury

Fig. 6.88 Fracture of the fifth metacarpal in a climber 
caused by a fall while the hand was stuck in a crack in a 
long alpine climb. He finished the climb and a cast was 
applied the next day

6 Hand and Fingers



108

• Therapy: Dependent on the kind of fracture 
either conservative or surgical

• Outcome: Dependent on extend of injury

6.3.18  Cartilage Compression Injury

Cartilage compression syndrome, or “over- 
crimping” injury, is an entity that has not been pre-
viously described in climbing literature but is now 
seen more frequently, probably because of the 
increasing difficulty level of climbing in recent 
years. We have found this condition to be associ-
ated with overuse of the crimping position. In this 
position, the PIP joint is almost completely flexed 
while the DIP joint is hyperextended. This causes 
stress points on the cartilage concentrated at certain 
small areas of the joint. Many pockets and small 
edges additionally require some tilting and twisting 
of the fingers, leading to shear forces onto the 
joints’ cartilage surface. These high- pressure peaks 
compress the cartilage and cause microinjuries. 
This causes a reaction of the joints’ inner synovial 
membrane which secrets fluid, leading to an articu-
lar effusion and pain. Long term, this injury could 
be a precursor to capsulitis and chronic synovitis of 
the IP joint. In its acute state, this condition causes 
pain when crimping, usually at the DIP joint. Open 
finger position moves are usually pain-free. 
Diagnosis is mostly based on the history and clini-
cal examination, though MRI can also detect minor 
bone bruising and edema. The therapy consists 
mostly of avoidance of the triggering movement or 
complete rest from climbing until pain subsides 
completely. Additionally, icing, ointment dress-
ings, and sometimes intra-articular injections with 
platelet- rich plasma (PRP) are performed. Oral 
supplementation with chondroitin and glucosamine 
sulfate also helps to nourish the cartilage and may 
be beneficial (Figs. 6.89 and 6.90).

• History: Hard crimping move
• Onset: Acute
• Clinical: Painful crimping test with sharp 

pain
• Diagnostic: History and clinical finding, 

maybe MRI
• Therapy: Conservative
• Outcome: Can result in chronic capsulitis

6.4  Conclusion

Modern climbing places tremendous unnatural 
strain on the joints and soft tissues of the fingers. 
Therefore, it is not surprising that the fingers are 
the most commonly injured body part in climb-
ers, with more than 20 different climbing-related 
finger pathologies described to date. Several of 
these finger conditions, such as an acute closed 
rupture of the flexor pulley, repetitive stress 
epiphyseal fractures, and closed lumbrical mus-
cle shear injuries, are interesting in that they are 
found almost exclusively in climbers.

Diagnosis of finger pain in climbers can usu-
ally be made with a detailed history of the injury, 
including the timeframe of injury, mechanism of 
injury, and aggravating and alleviating factors, 
such as specific gripping positions. Thereafter, a 
detailed examination of the hand, with injury- 
specific physical examination maneuvers, should 
help narrow down the diagnosis, which can then 
be confirmed with imaging techniques such as 
X-ray or dynamic ultrasound. MRI or CT scans 

Fig. 6.89 Hard crimping puts high pressure onto the car-
tilage of the IP joints (Photo Michael Simon)
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may be required in cases in which the diagnosis 
is still uncertain.

Treatment of climbing-related finger injuries 
is usually conservative, including a brief period 
of rest and anti-inflammatory measures, followed 
by focused physiotherapy and gradual return to 
sport-specific loading of the injured structure(s) 
with supportive taping as required. When conser-
vative treatment fails, injectable and other mini-
mally invasive treatments, such as steroid, PRP, 
stem cells, fat grafting, radial shock wave ther-
apy, RSO, or leech therapy, may be beneficial. 
Surgical treatment is usually reserved for severe 
or specific conditions such as:

• Rope entanglement injuries
• Grossly displaced unstable fractures
• Unstable ligamentous injuries

• Complete combined closed flexor pulley 
ruptures

• Complete flexor or extensor tendon ruptures
• Non-united repetitive stress epiphyseal 

fractures
• Severe acute infections
• Chronic inflammatory conditions not resolved 

after exhausting nonsurgical treatment options
• Other non-climbing-specific hand surgical 

conditions such as arthritis, compressive neu-
ropathies, ganglion cysts, tumors, and 
Dupuytren’s contractures
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Wrist Injuries

Christoph Lutter and Volker Schöffl

7.1  Overview (Statistics)

Depending on the classification of injuries and 
overuse damage to the wrist region, complaints in 
this area account for approximately 7–10% of all 
climbing-related injury patterns [1–3]. This is the 
fourth most common injury region after finger, 
shoulder, lower extremity, and foot injuries and 
must therefore be considered when treating climb-
ers and boulderers [1–3]. According to current fig-
ures, the most common symptom is the ulnar-sided 
overuse reaction of the wrist [3]. In addition, 
Dupuytren’s contracture of the palm accounts for a 
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large proportion of chronic complaints of the meta-
carpus and can often be diagnosed, especially in 
long-time (older) athletes [4] (see also Chap. 15, 
“Climbing in Older Athletes.”).

7.2  Diagnosis

The initial diagnostic procedure for complaints 
of the wrist, metacarpus, and distal forearm area 
follows the usual criteria and should be struc-
tured as follows:

 1. Patient history: How long have the complaints 
existed? After which strain did they first appear? 
Can the complaints be triggered by certain grip/
pull shapes? Do the complaints radiate? Have 
the pain characteristics changed? Which treat-
ments have been administered so far?

 2. Clinical examination: Inspectorial abnormali-
ties (swelling, color changes of the skin, etc.). 
Palpation of the corresponding region (pres-
sure tenderness, etc.). Stress tests depending 
on the presumed diagnosis (hamate stress test, 
forced radial/ulnar duction, etc.). This should 
always be accompanied by a comparative 
examination of the opposite side!

 3. Imaging procedures: Sonographic examina-
tion of the corresponding region, X-ray, CT, 
MRI diagnostics, depending on the suspected 
diagnosis.

Detailed anamnesis and a proper clinical 
examination are of utmost importance in the clar-
ification of wrist pain and pathologies in the 
metacarpus and distal forearm. With appropriate 
knowledge of the various common clinical pat-
terns and the respective stress tests, correct diag-
noses can often be made with a relatively high 
degree of certainty. Unnecessary imaging proce-
dures can thus be avoided. Regarding the clarifi-
cation of pain in the area of the metacarpals, also 
refer to Chap. 9, “Finger Injuries.”

7.3  Bone Edema

Bone marrow edema (BME) of the carpus, the 
metacarpus, and the distal forearm is usually the 
result of chronic overloading, usually triggered 

by repetitive, unphysiological movements [5–9]. 
Pathophysiologically, bone marrow edema cor-
responds to an increased accumulation of tissue 
fluid and blood within the respective bone as well 
as increased blood flow in the affected area [10]. 
It should be noted that the climbing-related 
stress-induced bone marrow edema is based on a 
different pathogenesis than transient bone mar-
row edema, ischemic osteonecrosis, vascular 
necrosis, or bone contusions [11–14]. The diag-
nosis of corresponding overuse damage has 
become more frequent in recent years due to the 
increasing use of MRI diagnostics [5, 6, 10].

Bone marrow edema can be divided into the fol-
lowing categories: mechanical bone edema (chronic 
overload, fractures, malpositions, degenerative), 
ischemic bone edema (osteonecrosis), inflammatory 
bone edema (rheumatoid arthritis, infectious), idio-
pathic (transient) bone edema, or bone edema due to 
malignancies. The most frequently affected areas for 
stress-related BME are usually static areas of the 
lower extremities. However, BME of the upper 
extremities, especially in the hand, are very rarely 
described in literature [8, 14–18].

In climbing, however, bone marrow edema is 
more frequent due to the continuous tensile load 
and the resulting shear forces in the hand, wrist, 
and forearm [5, 7]. Based on the complex anat-
omy of the carpus, overload reactions can affect 
all carpal bones as well as in the metacarpals and 
forearms. However, BME are frequently 
described in the following regions: lunate, capi-
tate, hamate, bases of the metacarpals, distal 
radius, and distal ulna [5–7]. It should also be 
noted that the osseous reactions described differ 
from osteochondroses such as Kienböck’s dis-
ease and others. The differentiation to these dis-
ease patterns can sometimes be difficult (Fig. 7.1).

Affected climbing athletes commonly complain 
of a slow-onset and increasing pain around the 
affected bone, which usually improves to a certain 
extent when the load is reduced (rest). During 
examination, the pain can usually be triggered or 
intensified by palpation of the affected region. 
Specific stress tests (see hamate fractures, ulnocar-
pal pain reactions, and Chap. 9, “Finger Injuries”) 
can also be helpful [5]. Bone marrow edema gener-
ally remains inconspicuous in images produced by 
sonography, X-ray, and CT scans [10, 14, 19]. 
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However, MRI depicts the stress reaction within the 
affected bone. The therapeutic approach consists of 
immediate and long- term stress reduction with sub-
sequent adjustment of training. Supplementary 
shockwave therapy can also help to promote heal-
ing; however, there is no corresponding evidence of 
this in the literature to date (Fig. 7.2).

After the symptoms have subsided, supporting 
circular wrist tape can be applied; however, this 
should only be used if it gives the athlete a feel-
ing of stabilization [20].

It can be assumed that the bone marrow edema 
of the wrist will become increasingly important 
due to the increasing popularity of bouldering 
worldwide [21]. An early and correct diagnosis 
and sufficient treatment can prevent serious sec-
ondary conditions, such as stress fractures caused 
by overstrain [5–7, 19].

a b

Fig. 7.1 MRI of bone marrow edema within the lunate (a, T2 weighting; b, T1 weighting)

• Etiology: Bone marrow edema within 
the wrist is based on chronic overuse.

• Onset: Usually slow-onset and load- 
dependent complaints.

• Clinic: Circumscribed pain symptoms 
around the affected bone.

• Diagnosis: Clinical and magnetic reso-
nance imaging (MRI).

• Therapy: Immediate stress reduction 
and long-term training change. Mostly 
long healing process.

• Result: Mostly complete healing 
possible.
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7.4  Hamate Fractures

Sport-related fractures of the hamate are usually 
caused by direct impact trauma (e.g., direct 
impact from handlebars (e.g., mountain biking) 
or from a club (e.g., baseball or golf)) [22–28]. 
These direct impact traumas are rare in climbing 
[5, 19], in which the cause is usually indirect 
overloading of the hamate [5, 22]. In particular, 
the hamate hook, the bony deflection pulley of 
the flexor tendons of the ring and little finger, is 
subjected to enormous stress due to the high con-
tact pressure [5]. This high contact pressure 

increases in ulnar-abducted hand positions (e.g., 
under grips) and under high tensile forces on the 
ring and little finger. Hamate fractures in climb-
ing almost exclusively affect the hook and are 
divided depending on their location into type I(I) 
fractures (avulsion fractures at the tip of the 
hook), type I(II) fractures (center part of the 
hook), and type I(III) fractures (base of the hook) 
(classification according to Milk and Xiong) 
(Fig. 7.3) [5, 22].

The patient’s medical history generally 
reports a slow-onset, load-dependent, and pro-
gressive pain on the volar and ulnar side of the 

a cb

Fig. 7.2 MRI (a, b) and X-ray (c, left wrist) of a 30-year- 
old female bouldering athlete who had reported long- 
lasting and consistent pain even after having received 
arthroscopic debridement of the TFCC 2  years earlier 
(positive ulna variance). An extended shockwave therapy 

of the wrist (lunate) was performed in addition to long 
rest. However, follow-up MRI and CT scans did not show 
sufficient bony healing within the lunate. Finally, an ulna 
shortening procedure was performed (c)
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wrist. It can also be helpful to administer a so-
called hamate stress test, in which the patient is 
asked to flex his ring and little finger strongly 
against resistance (e.g., the examiner’s finger) 
with an ulnar-abducted wrist (see Fig.  5.1. 
Fig. 7) [29]. An overload reaction or a fracture in 
the area of the hamate is indicated by significant 
pain in the affected area, which is less pro-
nounced in a subsequent retest in the radially 
abducted wrist under the same load on the ring 
and little finger [29]. To confirm the diagnosis, 
immediate magnetic resonance imaging or com-
puted tomography should be performed; conven-
tional radiological examination can sometimes 
be misleading [5, 19, 30, 31].

The authors recommend that a conservative 
therapy attempt (initial consistent immobiliza-
tion!) should always be carried out first [5, 22]. 
Since the hamate hook plays an essential role as 
a redirection of the flexor tendons (Dig. IV/V), 
immediate resection of the bone portion leads to 
a loss of strength; this should be avoided in 
climbers [32]. Conservative therapy often prom-
ises sufficient healing of the fracture if the 
patient is not participating in sports. In the case 
of insufficient bone healing, either spot-drilling 
of the fracture site (Fig.  7.4) or compression 
osteosynthesis using a Herbert screw should be 
considered (Fig. 7.5). A resection of the hamu-
lus should only be performed in exceptional 
cases as it may lead to strength deficit (Fig. 7.6) 
[22, 30–33]. Regardless of the form of therapy, 
the training must be adjusted following the 
injury to avoid refractures or other injuries. A 
circular wrist tape can be considered after 
resuming sport [20].

Fig. 7.3 CT scan of a hamate hook base fracture (see 
arrowhead)

Fig. 7.4 Spot-drilling of nonunion of the hamate using a 
Kirschner wire

• Etiology: Chronic overload reaction due 
to contact pressure of the flexor tendons. 
Initially bone edema in the hamate (hook); 
continuous strain can cause fracture.

• Onset: Slow onset of pain, in case of 
fracture sudden pain exacerbation.

• Clinic: Pain on the ulnar and volar 
aspect of the wrist, especially during 
ulnar duction and loading of Dig. IV/V.

• Diagnosis: Clinically and CT/
MRI.  Positive hamate stress test (see 
Chap. 5).

• Therapy: Initially conservative therapy, 
surgical therapy only in cases of long-
term therapy failure.

• Result: Mostly complete healing under 
conservative therapy, occasionally surgi-
cal procedure (e.g., osteosynthesis, drill-
ing, Herbert screw osteosynthesis, or 
resection of the hamate hook) necessary.
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7.5  Dupuytren’s Contracture

A nodular remodeling reaction in the palm of the 
hand can be diagnosed frequently in climbers, 
without a known direct connection between 
climbing and the clinical picture of Dupuytren’s 
contracture (see Fig. 7.7) [34–36]. However, it is 
assumed that recurrent microtrauma in the pal-

mar aponeurosis area caused by climbing could 
cause or accelerate corresponding remodeling 
reactions [1–3, 36].

In early stages, the disease manifests itself as a 
nodular hardening in the palm (usually Dig. IV/V); 
in advanced stages, it leads to retraction and lim-
ited extension of the affected fingers [34, 35].

Although individual cases have been described 
in young climbers (see Fig. 7.7), this disease is 
usually found in older athletes. Current figures 
show that in older climbing athletes (>35 years), 
this change in the palm is one of the ten most 
frequently diagnosed symptoms [4]. It is not 
known whether or to what extent climbing 
 contributes to the genesis and the progress of the 
alteration reactions. In our own patient collective, 
the proportion of Dupuytren’s contracture symp-
toms in athletes >35 years is 3%. The diagnosis 
(clinical diagnosis) and therapy of Dupuytren’s 
contracture in climbers does not differ signifi-
cantly from that in non-climbers [23, 34, 35].

Fortunately, the contracture is usually rela-
tively painless for climbers and hinders only very 
few climbers. Additionally, the affected athletes 

a b

Fig. 7.5 Osteosynthesis of a nonunion of the hamate using a Herbert screw (a, a.p. projection; b, lateral projection)

Fig. 7.6 Resection of the hamate hook following insuf-
ficient bony healing
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rarely progress beyond the initial stage of the dis-
ease. In this initial stage, a “wait-and-see” or con-
servative approach can usually be taken. In case 
of (pressure) pain or disruptive movement restric-
tions, the surgical solution and resection of the 
scar strands is performed [34, 35].

Fig. 7.7 A 34-year-old climber (former IFSC Boulder World cup athlete) who had developed an early stage Dupuytren’s 
contracture on both hands over the last 10 years (Dig. IV/V)

• Etiology: Multifactorial, possible etiol-
ogy due to climbing-related micro-
trauma of the palmar aponeurosis

• Onset: Creeping hardening in the palm 
area

• Clinic: Nodular hardening of the palm 
(mainly Dig. IV/V)

• Diagnosis: Clinical
• Therapy: Conservative, in case of prog-

ress surgical resection of the scar strands
• Result: Initially often asymptomatic, in 

advanced stages limited climbing 
ability
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7.6  Ulnocarpal Pain Syndromes

Ulnocarpal pain syndromes in climbers continue 
to be a challenge for treating physicians. These 
complaints can have various causes, all of which 
are difficult to diagnose. Additionally, the causes 
are difficult to distinguish from each other and 
are sometimes extremely difficult to treat. This 
often results in a lengthy diagnostic process and 
an often slow and frustrating course of therapy 
for affected athletes.

The following causes are discussed in connec-
tion with ulnar-sided wrist pain in climbers:

 1. Lesions of the triangular fibrocartilaginous 
complex (TFCC lesions)

 2. Instabilities or subluxations of the distal 
radioulnar joint (DRUJ)

 3. Lesions of the lunotriquetral ligament [37]
 4. Carpal instabilities (midcarpal instability) 

[38]
 5. Triquetral impingement ligament tear (TILT) 

syndrome [39]
 6. Overloading reactions around the extensor 

carpi ulnaris tendon
 7. Synovitis with plica syndrome

For correct diagnosis, the physical examina-
tion is usually more precise than magnetic reso-
nance imaging. The latter usually shows synovitis 
as a sign of stress reaction (Fig. 7.8). Clear struc-
tural causes for this are less often detectable. 
However, the reproducibility of the forces and 
loads occurring during climbing is clinically dif-
ficult and often, the patient’s complaints can only 
be determined by taking a precise anamnesis. 
Reproduction of the pain symptoms is sometimes 
not possible. Nevertheless, a comparative exami-
nation of the opposite side should always be 
performed.

Climbers often describe a painful feeling of 
instability in the distal radioulnar joint (DRUJ). 
During stress in climbing, the force is usually 
transmitted via the carpus to the radius and ulna. 
The ligamentous apparatus of the TFCC forms 
one of the main stabilizers of the DRUJ. A corre-
sponding load can therefore lead to synovitis in 
this area. The DRUJ also has little muscular stabi-
lization, which favors the high load on the 
DRUJ. In the event of instability or subluxation of 
the DRUJ, overloading of the extensor carpi ulna-
ris tendon may also occur. Anatomical variations 
(especially ulna-plus/ulna-minus variations) can 

a b

Fig. 7.8 MRI of an effusion with synovialitis in the distal radioulnar joint (a, coronary MRI image; b, axial 
projection)
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promote the symptoms. Therapeutically, an initial 
conservative approach is usually recommended. 
The aim should be to reduce the load by adapting 
the training and avoiding the triggering hand posi-
tions. In case of persistent pain reactions and 
especially in case of clear synovitis confirmed by 
MRI, corticosteroid injections may be considered. 
Circular wrist tape often provides a feeling of sta-
bility for affected athletes. If therapy continues to 
fail and clinical/MRI suspicion of soft-tissue 
instability exists, wrist arthroscopy with synovec-
tomy and, if necessary, stabilization of injured 
structures can be performed (Fig. 7.9). 7.7  Conclusion

In summary, complaints around the metacarpus, 
wrist, and distal forearm form a large group of clin-
ical pictures in climbers. With the appropriate level 
of knowledge about the underlying injuries and 
overuse damage, most complaints can be quickly 
and correctly diagnosed. Except for the ulnocarpal 
pain syndromes, most forms of injury respond well 
to the appropriate forms of therapy; however, heal-
ing processes are generally protracted, and stress 
reactions and adjustment of training after resump-
tion of sport are unavoidable.

a cb

Fig. 7.9 A 43-year-old male climbing athlete with ulnar- 
sided wrist pain. CT scan shows an intra-articular body in 
the wrist joint (a, arrow). Arthroscopy of the wrist shows 

synovialitis (b) and confirms the loose body within the 
joint (c, after resection)

• Etiology: Largely unclear. Suspected—
TFCC lesions, DRUJ subluxations, 
lesions of the lunotriquetral ligament 
stump, midcarpal instabilities, “trique-
tral impingement ligament tear (TILT)” 
syndrome and overloading reactions 
around the extensor carpi ulnaris 
tendon

• Onset: Usually a slow start

• Clinic: Stress-dependent ulnocarpal 
pain

• Diagnosis: Clinical, MRT
• Therapy: Conservative (taping), if nec-

essary, injection therapy. Arthroscopy in 
case of therapy failure

• Result: Often moderate response to 
therapy
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8.1  Overview

Pathologies in the area of the elbow and forearm 
are the fourth most common type of injury in 
climbing after finger, shoulder, and hand injuries, 
accounting for 7.7% of all pathologies in our own 
patient sample [1]. Furthermore, a study by 
Gronhaug et  al., which included 667 active 
climbers with complaints around the elbow, 
found an incidence of 17.7% of all climbing- 
related injuries, making this the third most com-
mon pathology in climbers [2]. Hereby, mainly 
chronic pathologies caused by overload are 
found. Epicondylitis humeri, with a share of up to 
8.4%, is one of the ten most common diagnoses 
in climbers. Elbow pain can also be caused by 
brachialis, biceps, and triceps muscle tendinopa-
thies [3]. Traumatic injuries in the area of the 
elbow and forearm, such as ruptures of the distal 
biceps tendon as well as higher-value muscle or 
vascular injuries, occur occasionally in climbing 
and require a quick, correct diagnosis and prompt 
surgical treatment. If load-dependent pain in the 
forearm persists for a long time after climbing, 
the differential diagnosis of the rarely occurring 
functional compartment syndrome of the forearm 
musculature must also be considered [4]. In the 
following section, the specifics of the main 
climbing-related injuries around the elbow, their 
diagnosis, and their treatment are discussed.

8.2  Lateral and Medial 
Epicondylitis

Epicondylitis humeri is one of the most common 
complaints among climbing athletes, although, in 
recent years, a slight decrease in incidence has 
been observed in our own patient sample. 
Nevertheless, with 3.3% of all complaints, it is 
still among the ten most common climbing- 
related pathologies [1]. A distinction is made 
between lateral (radial) and medial (ulnar) epi-
condylitis, with medial epicondylitis occurring 
more often in climbers [5, 6]. Patients report 
local pressure pain at the epicondyle and, some-
times, pain radiating into the forearm muscles, a 
decrease in strength, and pain at rest. The com-

plaints are caused by repetitive overstrain of the 
origin of the forearm extensors (lateral side) or 
flexors (medial side), whereby chronic micro-
trauma leads to degenerative changes and ulti-
mately to tendinopathy [7]. Muscular imbalance 
between the forearm flexors and extensors can 
also be one of the triggers for epicondylitis, since 
training the antagonists (extensor group) is often 
neglected by many climbers. The diagnosis is 
made by clinical examination, including provo-
cation tests (lateral, isometric extension of the 
wrist as well as the middle finger when the elbow 
is extended; medial, isometric flexion in the wrist 
as well as the fingers when the elbow is extended) 
and sonography, if necessary. Further diagnostics 
in the form of X-ray and MRI should only be per-
formed in the case of refractory complaints under 
conservative therapy to exclude any other under-
lying pathology (e.g., arthrosis, osteochondritis 
dissecans, loose bodies inside the joint) (Fig. 8.1).

At first, the therapy is always conservative, 
and there are a variety of treatment options avail-
able: nonsteroidal anti-inflammatory drugs 
(NSAID), platelet-rich plasma (PRP) injections, 
physical therapy, manual therapy, extracorporeal 
shockwave therapy, acupuncture, and bandages. 
Often, only a combination of several methods is 
successful for treatment, since the complaints can 
be very persistent [7–9]. Eccentric strength train-

Fig. 8.1 MRI of an elbow with a medial epicondylitis 
humeri and a perifocal edema

M. Simon et al.



129

ing, stretching measures, and antagonist training 
often relieve symptoms and should be integrated 
into the training routine to prevent injuries in the 
sense of adjunct compensatory training for climb-
ers (ACT; e.g., www.act.clinic) [10]. In addition, 
circular elbow tape is recommended during 
climbing or sport-specific training (see also 
Chap. 22 Taping) [11]. If there is no alleviation of 
symptoms, surgical therapy should be considered 
at the earliest after 9–12 months once conserva-
tive treatment options have been exhausted. 
Fortunately, this only happens very rarely. In 
such cases, open and arthroscopic procedures 
with the aim of denervation of the respective epi-
condyle and excision of diseased tissue are avail-
able. Postoperatively, the respective arm is 
immobilized for 2 weeks. In addition, maximum 
stress should be avoided for 6 months postopera-
tively [7].

Lateral and Medial Epicondylitis
• History: Degenerative processes in the con-

text of overload-related microtrauma and 
muscular imbalances

• Onset: Chronic
• Clinical: Pressure pain at the epicondyle, pain 

radiating into the forearm muscles, reduction 
in strength, and pain at rest

• Diagnostic: Medical history, clinical finding, 
sonography, MRI

• Therapy: Mostly conservative
• Outcome: Often long-lasting complaints

8.3  Tendinopathies 
of the Biceps, Triceps, 
and Brachialis Muscles

Although much rarer than epicondylitis humeri, 
tendinopathies of the biceps, triceps, and brachia-
lis muscles can also be triggers for pain in the 
elbow region. As with epicondylitis, the cause of 
the complaints is a repetitive overuse of the mus-
cle attachments with consecutive chronic micro-
traumas and muscular imbalances that ultimately 
lead to tendinosis. Clinically, there is an anterior 
elbow pain in the area of the distal biceps and 

brachialis muscle tendon or a pain above the dor-
sal elbow in the area of the tendon insertion of the 
triceps muscle at the olecranon. As in epicondyli-
tis, clinical examination and sonography are the 
main diagnostic tools. Further diagnostics by 
means of X-ray and MRI should only be carried 
out in the case of persistent complaints.

Tendinopathies around the elbow are also 
common in other sports, and their therapy is not 
significantly different for climbers. The therapy 
is conservative, whereby the reduction of stress 
as well as prevention by training the antagonist 
muscle groups has the highest priority. Eccentric 
exercises of the affected muscles are also an 
important part of the therapy. Similar to the mus-
cular imbalances of the forearm flexors and 
extensors for epicondylitis, an imbalance between 
the pro- and supinator muscles of the forearm 
plays an essential role in the development of ten-
dinopathies of the biceps and brachialis tendon. 
The biceps brachii muscle is the strongest supi-
nator (outward rotation) in the elbow joint; the 
brachialis muscle is the strongest flexor in the 
elbow joint. The resulting torque is rather unfa-
vorable when climbing, as the forearm is usually 
turned inward when gripping. Consequently, the 
sole pull of the biceps muscle on a horizontal 
hold would cause the hand to turn outward, and 
the hold could no longer be held. This overload 
can only be prevented by strongly trained prona-
tor muscles (pronator teres, pronator quadratus, 
brachioradialis muscles) and flexor muscles (e.g., 
brachialis muscle). In addition, training pull-ups 
with complete extension in the elbow joint pro-
mote the development of a tendinopathy of the 
triceps tendon, which should therefore be avoided 
by means of a certain minimum residual flexion 
in the elbow joint [10, 11].

Tendinopathies of the Biceps, Triceps, and 
Brachialis Muscles
• History: Degenerative processes in the con-

text of overload-related microtrauma and 
muscular imbalances

• Onset: Chronic
• Clinical: Pain around the elbow during load 

as well as local pressure-induced pain

8 Elbow and Forearm
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• Diagnostic: Medical history, clinical finding, 
sonography, if applicable X-ray and MRI

• Therapy: Conservative
• Outcome: Often tedious complaints

8.4  Functional Compartment 
Syndrome of the Forearm 
Muscles

Load-dependent pain in the area of the forearm 
muscles during climbing is common. In particu-
lar, the flexor muscles in the deep compartment 
of the forearm are exposed to great stress. Their 
effectiveness is usually the limiting factor for 
climbing performance, especially on longer 
climbing routes. However, if the complaints are 
very intense and persist disproportionately 
strongly for 1 or 2 days after climbing, one must 
consider the rare so-called “functional compart-
ment syndrome” of the forearm muscles [4]. 
Primarily, climbers describe a long-lasting feel-
ing of increased pressure in the forearm flexor 
muscles. The cause is a stress-induced, excessive 
swelling of the musculature, especially of the 
forearm flexors within the muscle fascia, which 
encloses the so-called compartment. The 
increased tissue pressure leads to a consecutive 
impairment of the microcirculation with dis-
rupted outflow of blood and lymph and, in case of 
a progressive, fulminant course, to disturbances 
to the neuromuscular functions. In extreme cases, 
irreversible damage (tissue necrosis, etc.) can 
occur [4].

This is often preceded by a viral infection, 
such as glandular fever (infectious mononucleo-
sis) caused by the Epstein-Barr virus (kissing dis-
ease), although the exact connection is still 
unclear [12].

Clinically, during and after exertion while 
climbing, strong pain in the area of the forearm 
musculature can be found, going beyond the 

familiar feeling of “thick forearms” and lasting 
longer. The pain is often characterized as “dull,” 
“as if the skin on the forearm was too tight.”

In advanced stages, paresthesia and circula-
tory disorders may occur. However, patients typi-
cally have no complaints without a corresponding 
prior exposure.

This rare pathology is difficult to diagnose. In 
addition to the medical history and the clinical 
examination, the diagnosis is confirmed by means 
of compartment pressure measurement under 
sport-specific stress. For this purpose, special 
probes are used, which are inserted into the 
respective compartments via cannulas (Fig. 8.2). 
In a study of ten competition climbers, reference 
values for physiological pressures could be deter-
mined by means of dynamic compartment mea-
surements. At rest, the pressure should be below 
15 mmHg; with sport-specific stress, the pressure 
can rise to values of up to approx. 30  mmHg. 
Within a recovery period of 15 min after exertion, 
pressures up to 15  mmHg are physiological. 
However, if pressures of 15–30 mmHg occur dur-
ing the recovery period, there is a high risk of 
stress-induced functional forearm compartment 
syndrome. Moreover, pressures of over 30 mmHg 
confirm the diagnosis. In most cases, conserva-
tive therapy is sufficient (e.g., physical rest, 
stretching of the musculature, ice pads, and loos-
ening massages). Nonsteroidal anti-inflammatory 
drugs (e.g., ibuprofen) can also have a deconges-
tant effect. Despite these measures, if further 
deterioration of the findings occurs without fur-
ther load with progressively increasing compart-
ment pressures, the only remaining treatment 
option to avoid irreversible damage is a surgical 
fasciotomy of the forearm (Fig. 8.3). Fortunately, 
there are only few such climbing-related cases 
known in literature. Even in these dramatic cases, 
a complete recovery of the sport-specific perfor-
mance capacity was achieved in the course of the 
treatment [4].
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Fig. 8.2 Compartment pressure measurement
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Functional Compartment Syndrome of the 
Forearm Muscles
• History: Swelling of the forearm musculature 

due to overstrain with consecutively restricted 
blood and lymph circulation

• Onset: Acute to chronic
• Clinical: Pain in the muscles of the forearm 

during and after exercise, possibly swelling
• Diagnostic: Medical history, clinical finding, 

sonography, compartment pressure measure-
ment if necessary

• Therapy: Mostly conservative, fasciotomy 
(compartment release) only necessary in the 
most severe cases!

• Outcome: Good

8.5  Elbow Dislocation (with 
Vascular Injury)

Severe traumatic injuries, such as dislocations, 
sometimes even with vascular injuries around the 
elbow and the forearm, have been rare. Only a few 
case reports due to climbing accidents are 
described in literature [13, 14]. However, in the 
subdiscipline of bouldering, there has been an 
increasing incidence of elbow dislocations in 
recent years. This is most likely due to the low fall 
height with a backward fall vector onto a stretched 
or slightly flexed forearm. The diagnosis can usu-
ally be made clinically due to the malalignment 
and the often pain-induced complete loss of 

mobility in the elbow joint. X-ray imaging is 
required in order to exclude bony injuries.

The reduction should be performed under ana-
log sedation or, if necessary, under anesthesia. 
The latter has the advantage that the ligament sta-
bility of the elbow joint can be tested. 
Subsequently, immobilization and additional 
diagnostics are performed by means of MRI 
(Fig. 8.4) and, in the case of concomitant bony 
injuries, by means of an additional CT scan to 
evaluate the extent of the pathology.

Surgery is the standard therapy in case of a 
tendency toward dislocation at flexion over 30° in 
the elbow joint or an instability in several 
 examination areas (varus and valgus instability) 
due to multiple ligament injuries as well as dislo-
cated fractures. The ruptured collateral ligaments 
are reattached with suture anchors (sometimes 
additional braced with FiberTape®), and bony 
injuries are addressed according to the guidelines 
of orthopedics and trauma surgery. Subsequently, 
the follow-up treatment consists of an early func-
tional therapy using a movable elbow orthosis 
and treatment protocol, which is tailored to the 
extent of the injury.

Good functional results were achieved in 
climbers with a return to climbing after an aver-
age of 6 months [15]. Furthermore, rare second-

Fig. 8.3 Condition after fasciotomy of the forearm (com-
partment release) in a climber due to a rare but severe case 
of functional compartment syndrome

Fig. 8.4 MRI after elbow dislocation with rupture of the 
ulnar collateral ligament
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ary pathologies, such as vascular lesions, must be 
excluded or correctly treated within the diagnos-
tic process. The following case study from our 
own patient population should provide increased 
awareness of this issue:

8.5.1  Elbow Dislocation with Injury 
to the Brachial Artery

A 24-year-old, otherwise healthy male climber 
had suffered a posterior, closed elbow dislocation 
during a fall while bouldering which was promptly 
reduced in analog sedation. Subsequently, the 
peripheral circulation, motor function, and sensi-
tivity were without pathological findings.

The plain X-rays of the elbow showed a non-
displaced fracture of the radial head. Afterward, 
the patient was discharged after immobilization of 
the respective arm with a plaster splint. In the fur-
ther course of diagnostics, an MRI was performed, 
and the patient visited our clinic 2 weeks after the 
accident. During this consultation, peripheral cir-
culation, motor function, and sensitivity were still 
intact. However, an ulnar-sided, strand-like indu-
ration with local pressure pain, which was initially 
interpreted as a hematoma after a brachialis mus-
cle tear, was described in the antecubital fossa.

The MRI showed injuries of the medial and 
lateral collateral ligaments as well as a partial 

rupture of the brachialis tendon with perifocal 
hematoma. Due to additional clinical instability, 
we decided on a surgical therapy. During the 
operation 5 days later, a long-distance stenosis of 
the brachial artery in the antecubital fossa and a 
thrombosis of the radial artery with just sufficient 
blood flow through collateral vessels were 
observed as a correlation to the previously pal-
pated induration as a result of an injury to the bra-
chial artery during the previous elbow dislocation 
(Fig. 8.5). Intraoperatively, an angiography and a 
subsequent thrombectomy and a venous patch 
plasty were performed. The ruptured ligaments 
were reattached, and all pathologies could be 
addressed. During follow-up 1 year after surgery, 
the patient was symptom-free even during inten-
sive physical exertion [13].

Elbow Dislocation (with Vascular Injury)
• History: Traumatic
• Onset: Acute
• Clinical: Pain, misalignment, and impaired 

function
• Diagnostic: Medical history, clinical finding, 

(duplex-) sonography, MRI, and (MRI-) angi-
ography if necessary

• Therapy: Reduction in analgosedation or 
anesthesia, surgery dependent on the extent of 
the pathology (e.g., instability, bony injuries)

• Outcome: Good

a b

Fig. 8.5 Subtraction angiography depicting a lesion of the brachial artery following an elbow dislocation before (a) 
and after (b) patch plasty
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8.6  Muscle Injuries

Severe, traumatic muscle injuries in the area of 
the elbow and forearm as a result of accidents 
while climbing and bouldering are fortunately a 
rarity. Nevertheless, these must be excluded in 
the diagnostic process to avoid irreversible con-
sequences. The following case study is intended 
to sensitize the attending physician to those rare 
but severe injuries:

8.7  Rupture of the Short Head 
of the Biceps Brachii Muscle 
Belly

A 42-year-old, otherwise healthy male climber 
fell while climbing in a bouldering gym.

He was climbing around a volume when his 
foot slipped. Consequently, his right upper arm 
hit the edge of the volume while the biceps mus-

cle was fully tensed, a blunt trauma that resulted 
in a rupture of the short head biceps muscle belly. 
This caused immediate pain, swelling, and a pal-
pable gap in the midportion of the upper right 
arm. The X-ray and MRI images showed a com-
plete, isolated rupture of the short head of the 
biceps brachii muscle but no fracture (Fig. 8.6). 
In accordance with recent literature, we restored 
the anatomical integrity of the muscle belly itself 
through an open surgical approach with direct 
end-to-end modified Mason-Allen stitches, 
10 days after the trauma, to prevent the ruptured 
muscle belly from further retraction, which 
would later hinder anatomical reduction (Fig. 8.7) 
[16]. As such, our patient was able to regain full 
strength and functionality. Six months after sur-
gery, he had already returned to a climbing level 
close to his pre-injury level. Furthermore, the 
clinical investigation showed a full range of 
motion without functional complaints or pain 
[14]. In general, the majority of muscle injuries 

Fig. 8.6 MRI of an upper arm depicting a rupture of the short head of the biceps brachii muscle belly
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can be managed conservatively with measures 
such as rest, nonsteroidal anti-inflammatory 
drugs, and physical therapy. There are only a few 
indications for surgery: a large intramuscular 
hematoma, tears of more than half of the muscle 
belly (Grade 3b-4), and the occurrence of a com-
partment syndrome, which is an absolute emer-
gency [17].

Muscle Injuries
• History: Traumatic
• Onset: Acute
• Clinical: Pain, limitation of strength and 

function, in some cases palpable gap
• Diagnostic: Medical history, clinical finding, 

sonography, MRI if necessary
• Therapy: Conservative for partial muscle 

ruptures and strains, surgical for subtotal and 
complete muscle ruptures

• Outcome: Good

8.8  Distal Biceps Tendon 
Rupture

Ruptures of the distal biceps tendon account for 
only 3% of all tendon injuries of the biceps bra-
chii muscle. However, due to the resulting loss of 
strength, especially in climbers, it requires a pre-
cise diagnosis and therapy. In most cases, an 
avulsion of the tendon attachment at the tuberos-
ity radii can be found, which occurs mainly in 
men between 30 and 60 years of age as a conse-

quence of chronic, degenerative changes. 
Additional risk factors are regular nicotine con-
sumption, excessive strength training, and abuse 
of anabolic steroids.

Most often, the injury mechanism is described 
as a sudden force on the flexed and supinated 
forearm by pulling on an undercling into a “lock- 
off” position followed by a clicking sound [11].

This is followed by pain in the antecubital 
fossa and an immediate loss of strength, espe-
cially for supination but also in flexion of the 
elbow joint. The diagnosis can usually be made 
clinically. In addition to the previously mentioned 
complaints, the distal biceps tendon can no longer 
be palpated (hook test), and a so-called “reversed 
Popeye sign” (the biceps brachii muscle belly 
retracts proximally) can be seen in the case of a 
complete rupture. The diagnosis is confirmed by 
sonography and X-ray. In case of ambiguous find-
ings, such as partial ruptures or bony lesions, MRI 
imaging is recommended (Fig. 8.8). Since conser-
vative therapy can reduce the force for supination 
movements by up to 80%, prompt surgical ther-
apy is the gold standard, especially for athletes 
(even partial ruptures of more than 50%). Thereby, 
the torn tendon is reattached to its anatomical 
insertion point on the radius using suture anchors. 
An early reattachment is essential to prevent ten-
don retraction and the development of muscle 
atrophy and fibrosis [18].

Subsequently, a partial immobilization of the 
elbow joint is necessary for 6  weeks, which is 
gradually reduced under physical therapy 

a b

Fig. 8.7 Intraoperative clinical findings of a rupture of the short head of the biceps brachii muscle belly before (a) and 
after (b) direct end-to-end suture
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 guidance (initial plaster splint, followed by elbow 
joint orthosis with reduced range of motion) [18]. 
Regarding the postoperative outcome, a recent 
review by Thomas and Lawton shows excellent 
results in athletes with a complete recovery of 
athletic performance and a full range of motion 
without functional complaints or pain [19].

Distal Biceps Tendon Rupture
• History: Traumatic (mostly in case of preex-

isting degenerative changes)
• Onset: Acute
• Clinical: Pain in the elbow and lack of 

strength for flexion and especially supination 
in the elbow joint

• Diagnostic: Medical history, clinical finding, 
sonography, X-ray, MRI if necessary

• Therapy: Surgical
• Outcome: Good

8.9  Conclusion

Most of the pathologies around the elbow are 
caused by overstrain (e.g., medial and lateral epi-
condylitis humeri, tendinopathies of the biceps, 

triceps, and brachialis muscle). Their therapy is 
almost always conservative. Since training errors 
are often the trigger for the development of the 
complaints, prophylaxis through adjunct com-
pensatory training plays an essential role. 
Traumatic injuries such as distal biceps tendon 
ruptures as well as rare pathologies such as func-
tional compartment syndrome of the forearm or 
traumatic vascular and muscle injuries must also 
be taken into account as a differential diagnosis.
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9.1  Overview

Shoulder injuries are the second most common 
pathologies in rock climbing after finger injuries, 
whereby numbers have increased in the last cou-
ple of years [1].

Within our own patient cohort, we found an 
increase of the incidence of shoulder injuries 
from 5% (1998–2001) to 20.2% from 2017 to 
2018 [2]. SLAP lesions (superior labrum anterior 
to posterior) play an essential role as they are the 
fifth most common diagnosis (5.8%) out of all 
climbing-related pathologies [2]. Table 9.1 shows 
the current distribution of shoulder injuries 
among rock climbers from our own patient 
cohort. In the following sections, we discuss the 
specifics of the essential climbing-related shoul-
der injuries as well as their diagnostics and 
therapy.

9.2  Impingement Syndrome

Impingement symptoms are the second most 
common shoulder pathology in rock climbers [3]. 
Regarding etiology, we have to distinguish 
between the primary and secondary forms. 
Primary impingement syndrome is caused by 

structural changes that mechanically narrow the 
subacromial space. These changes include bony 
narrowing from the cranial side (outlet impinge-
ment), which is the case in acromial Types II–III 
according to Bigliani and Morrison, structural 
variations of the coracoid, and bony malposition 
after a fracture of the greater tubercle. An increase 
in the volume of the subacromial tissue (e.g., cal-
cific tendonitis, subacromial bursitis) may also 
lead to a primary impingement (non-outlet 
impingement). Secondary impingement is due to 
a functional disturbance of the centering of the 
humeral head triggered by muscular imbalance. 
This leads to an abnormal displacement of the 
center of rotation in elevation and results in soft 
tissue entrapment [4, 5]. Another relatively rare 
form of functional impingement syndrome in 
climbers is coracoid impingement, which is 
caused by a hypertrophied subscapularis tendon 
and muscle (Fig.  9.1) following intense sport- 
specific training [6]. Finally, internal impinge-
ment can also be the reason for impingement 
symptoms in athletes. In this case, the mecha-
nism is a repetitive squeezing of the supra- and 
infraspinatus tendons against the glenoid in 
extreme external rotation and simultaneous 
abduction (posterosuperior) or rather internal 
rotation and adduction (anterosuperior) [7, 8]. 
Additionally, symptoms can be aggravated by 

Table 9.1 Current distribution of shoulder injuries in rock climbing (Schöffl et al. [2])

Shoulder injuries 2017–2018 
(n = 154) n % Shoulder injuries 2009–2012 (n = 157) n %
SLAP lesion 37 29.8 SLAP lesion 51 32.5
Impingement syndrome 34 27.4 Impingement syndrome 40 25.5
Shoulder dislocation, Bankart 
lesion

22 17.7 Shoulder strain 17 10.8

Shoulder strain 16 12.9 Shoulder dislocation, Bankart lesion 16 10.2
Rotator cuff tear 12 9.7 Supraspinatus tendonitis 7 4.5
Acromioclavicular joint injury 12 9.7 Functional instability 7 4.5
Tendinopathy of the long head 
of the biceps tendon

6 4.8 Tendinopathy of the long head of the 
biceps tendon

5 3.2

Functional instability 5 4.0 Rupture of the long head of the biceps 
tendon

5 3.2

Pulley lesion 5 4.0 Rotator cuff tear 5 3.2
Rupture of the long head of the 
biceps tendon

2 1.6 Acromioclavicular joint injury 3 1.9

Others 2 1.6 Pulley lesion 1 0.6
Supraspinatus tendonitis 1 0.8
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degenerative alterations of the acromioclavicular 
joint as well as a postural deformity, the so-called 
“climber’s back” (Fig.  9.2) (see also Chap. 12 
Spine). Shortened pectoral muscles and pro-

nounced rear shoulder girdle muscles result in an 
increased thoracic kyphosis, leading to an ampli-
fied internal rotation of the shoulders, which ulti-
mately enhances preexisting impingement 
symptoms [9].

Clinically, climbers complain of persistent 
pain without a preceding trauma, especially when 
elevating the arm (in particular between 70° and 
120°; painful arc), during forced movement 
above the head, and also during rest when lying 
on the affected side [4, 5].

The diagnosis is made mainly by a thorough 
clinical examination (sensitivity up to 90%; e.g., 
Hawkins test, Neer’s sign, Jobe test, painful arc), 
ultrasound, and plain X-rays. In case of persistent 
complaints, an MRI is mandatory to evaluate the 
condition of the rotator cuff, the bursa, and the 
labrum-ligament complex. Aspects such as 
potential tears of the rotator cuff, the degree of 
atrophy (according to Thomazeau), and fatty 
degeneration (according to Goutallier) of the 
muscle bellies of the rotator cuff can be assessed 
[5]. In general, literature recommends conserva-
tive therapy (physical therapy and nonsteroidal 
anti-inflammatory drugs). In case of sustained 
complaints, subacromial infiltrations with local 
anesthetics and corticosteroids (3–4 weeks after 
onset of symptoms, at the earliest, and no more 
often than two to three times, no infiltration into 
the tendon) under ongoing physical therapy are 
recommended. Corticosteroid injections may be 
restricted by the World Anti-Doping Agency 
(WADA) and may need specific documentation 
(a definitive statement is not possible here, as the 
regulations are constantly changed and revised.) 
In the case of an accompanying calcific tendini-
tis, shockwave therapy shows good results. 
Overall, more than 70% of all impingement 
symptoms can be treated successfully through 
conservative therapy. If conservative therapy fails 
for 3 months or longer or in the presence of other 
comorbidities (e.g., rotator cuff tear, SLAP 
lesion, etc.), surgical therapy is indicated. Hereby, 
an arthroscopic, subacromial decompression is 
performed. Besides a bursectomy, this also 
includes the removal of the anterior and lateral 
portions of the undersurface of the acromion 
(5–8 mm). If necessary, the removal of inferior 

Fig. 9.1 MRI of a shoulder with coracoid impingement

Fig. 9.2 Postural deformity, the so-called “climber’s 
back”
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acromial osteophytes and the lateral end of the 
clavicle without a total resection of the acromio-
clavicular joint can be performed as part of the 
same arthroscopic surgery (coplaning) [5].

Impingement Syndrome
• History: Congenital deformity, muscular 

imbalance
• Onset: Chronic
• Clinical: Pain without trauma, especially on 

forced movement above the head and when 
lying on the affected side

• Diagnostic: Medical history, clinical finding, 
sonography, if necessary MRI

• Therapy: Mostly conservative
• Outcome: Good

9.3  SLAP Lesions

SLAP lesions (superior labrum anterior to poste-
rior) are the most common shoulder injuries in 
rock climbers (29.8%) [2]. “Shoulder moves” are 
particularly stressful for the insertion of the long 
biceps tendon (Schöffl et al. 2011). During these 
moves, a subsequent internal rotation and ante-
rior tilt of the shoulder under load leads to 
increased tensile strain on the pulley system and 
the labro-bicipital complex (LBC). Nevertheless, 
SLAP injuries are usually caused by repetitive 
microtrauma rather than one single incident. 
Thus, it is not surprising that most of the affected 
climbers are older than 35 years with many years 
of climbing experience [11, 12]. Patients present-
ing with acute injuries usually describe a fall onto 
an outstretched arm or a sudden, unexpected pull 
on the arm (e.g., a climber trying to hold on while 
the feet are slipping).

Clinically, climbers complain of a sudden or 
gradual deterioration of shoulder function and 
concomitant pain. In the majority of cases, the 
dominant arm is concerned. The term “dead arm 
syndrome” specifies the inability to execute 
sport-specific movements at pre-injury velocity 
[13]. Other symptoms include sensations of inter-
mittent clicking or popping during the cocking 
phase and anterior shoulder pain [14]. A high 
number of clinical tests (e.g., O’Brien test, crank 

test, dynamic labral shear test) have been 
described for the detection of SLAP lesions, but 
no gold standard with regard to sensitivity or 
specificity has been established yet. Thus, two 
climbing-specific SLAP provocation tests 
(Fig. 9.3) are recommended, as they simulate the 
sport-specific strain on the labro-bicipital com-
plex. To confirm the diagnosis, magnetic reso-
nance arthrography (MRA) is mandatory [15] 
(Fig. 9.4). According to current literature, SLAP 
lesions with structural damage, which is more 
than a fraying (Grade II or higher, according to 
Snyder) to the biceps tendon anchor or the 
labrum, should be treated surgically in athletes 
with a primary tenodesis of the long biceps ten-
don. SLAP I lesions can be treated conserva-
tively. Our standard surgical approach in overhead 
sports athletes is a tenodesis of the long biceps 
tendon at the top of the bicipital groove with a 
composite tenodesis screw [16, 17]. Against the 
background of repetitive microtrauma, a solid 
tenodesis of the long head of the biceps tendon 
and thus the deactivation of the pain generator in 
the area of the LBC are reasonable [10, 18]. In 

Fig. 9.3 Climbing-specific SLAP tests (Photo: Michael 
Simon)
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addition to the tenodesis of the long head of the 
biceps tendon, the superior labrum is refixed. 
Although some studies have shown a good out-
come in 75–97% of nonathletes treated with an 
orthotopic refixation of the long biceps tendon to 
the LBC, other studies focusing on the outcome 
in overhead athletes found only 22–75% satisfac-
tory results. Thus, for overhead athletes, a pri-
mary tenodesis of the long head of the biceps 
tendon is the therapy of choice [18, 19]. 
Nevertheless MRI evaluation on asymptomatic 
climbers recently showed a a high prevalence of 
labral and other pathologies, thus the clinical pre-
sentation is most important to finally decide who 
needs a surgical revision [20].

This is also highlighted by the findings of a 
follow-up examination of 30 climbers, who were 
treated with a primary tenodesis of the long head 
of the biceps tendon and a refixation of the supe-
rior labrum, if necessary. In this cohort, we found 
good results with an average Constant-Murley 
score of 89.6 points. All patients had started 
climbing again after 12  months following sur-
gery, and 67% had already regained their pre- 
injury climbing level [16].

SLAP Lesions
• History: Repetitive microtrauma, acute 

trauma
• Onset: Chronic and acute

• Clinical: Sudden or gradual deterioration of 
shoulder function and concomitant pain

• Diagnostic: Medical history, clinical finding, 
MRA

• Therapy: Surgical therapy in case of SLAP 
lesions Grade II (Snyder) or higher

• Outcome: Good

9.4  Pathologies 
of the Rotator Cuff

A growing number of aging athletes is still climb-
ing at a high difficulty level [12]. As such, the 
number of degenerative pathologies, such as tears 
of the rotator cuff (consisting of subscapularis, 
supraspinatus, infraspinatus, and teres minor 
muscles), is also increasing. Additionally, inju-
ries to the rotator cuff can also be caused by acute 
trauma (e.g., shoulder dislocation, a direct fall on 
the arm in abduction, or a sudden unexpected pull 
on the arm). The most common type of injury is a 
rupture of the tendon of the supraspinatus mus-
cle. Clinically, climbers complain of a sudden or 
gradual onset of pain during rest but mainly dur-
ing abduction over more than 90° in combination 
with loss of strength [21]. Clinical symptoms 
often depend on the location and size of the 
respective tear. Frequently, there is an inverse 
correlation between tear size and pain intensity. 
In practice, partial thickness rotator cuff tears on 
the bursal surface can be extremely painful, 
whereas massive tears are mainly associated with 
a loss of strength and a feeling of instability. The 
diagnosis is made by a thorough medical history, 
a clinical examination, ultrasound, and MRI.

Isometric function tests enable the physician 
to examine the different muscles of the rotator 
cuff regarding strength and pain (e.g., supraspi-
natus muscle—Jobe test, starter test, external 
rotation lag sign, drop arm sign; subscapularis 
muscle—lift-off test, internal rotation lag sign, 
belly press test). The condition of the rotator 
cuff, the bursa, and the labrum-ligament com-
plex can be investigated with sonography and 
MRI. The tear size as well as the degree of atro-
phy (according to Thomazeau) and fatty degen-
eration (according to Goutallier) of the muscle 
bellies of the rotator cuff can be assessed [22] 

Fig. 9.4 MRI of a shoulder with a SLAP II lesion (Snyder 
classification)

9 Shoulder Injuries



144

(Fig. 9.5). While small partial thickness tears can 
be treated conservatively, full thickness tears and 
severe partial thickness tears in athletes should 
be treated surgically [11]. According to current 
literature, arthroscopic surgical techniques using 
composite suture anchors are the standard proce-
dure. A retrospective study by Simon et al. ana-
lyzed the general (Constant-Murley score) and 
sport-specific (change in International Climbing 
and Mountaineering Federation [UIAA] grade) 
outcome after the surgical repair of rotator cuff 
injuries in 12 rock climbers and found a good 
functional outcome. The mean Constant-Murley 
score was 92 points. Furthermore, all patients 
had restarted climbing within 12  months after 
surgery [23].

Pathologies of the Rotator Cuff
• History: Chronic degenerative changes, acute 

trauma
• Onset: Chronic and acute
• Clinical: Pain and loss of strength, especially 

at abduction over 90°
• Diagnostic: Medical history, clinical finding, 

sonography, MRI
• Therapy: Surgical therapy in case of massive 

full thickness tears or severe partial tears
• Outcome: Good

9.5  Shoulder Dislocation

The shoulder joint has the biggest range of 
motion of all human joints, making it particularly 
vulnerable to dislocation. Approximately 75% of 
all primary shoulder dislocations happen during 
sports, with the shoulder joint in an abduction 
and externally rotated position.

Unidirectional anterior dislocations make up 
the majority of cases (95%). As a result of the 
direction of the dislocation, the particular trauma 
mechanism, and the age of the patient, injuries of 
the labrum-ligament complex, the rotator cuff, 
and bony injuries of the humeral head (Hill-Sachs 
lesion) or the glenoid (Bankart fracture) may 
occur. In most cases, these injuries lead to insta-
bility with an increased risk of repeated shoulder 
dislocations, especially during overhead activi-
ties. Following a shoulder dislocation, patients 
complain of load-dependent pain and a pro-
nounced feeling of instability. The diagnosis is 
made by a thorough medical history and a clini-
cal examination of both shoulders (apprehension 
test, relocation test, load and shift test, sulcus 
sign), including neurological tests to exclude 
injuries to the brachial plexus. Furthermore, an 
MRI (potentially with an intra-articular contrast 
agent—MRA) is indispensable [24] (Fig.  9.6). 
Besides traumatic lesions of the labrum due to 

Fig. 9.5 MRI of a shoulder with a complete rotator cuff 
tear (m. supraspinatus)

Fig. 9.6 MRI of a shoulder with a Bankart lesion follow-
ing a traumatic shoulder dislocation
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traumatic shoulder dislocations (Polar Type I), 
we also occasionally find pathologies in climbers 
on the basis of chronic microtrauma (Polar Type 
III), which lead to functional instability. These 
cases are accompanied by laxity of the joint cap-
sule and a dysfunctional locomotion pattern, both 
leading to recurrent shoulder subluxations, 
whereby structural pathologies of the labrum- 
ligament complex are not usually found [11].

The climbers’ complaints are often associated 
with specific climbing-related movements, such 
as passively hanging from one arm without mus-
cular stabilization. These so-called dead hangs 
can cause mechanoreceptor damage and laxity of 
the joint capsule. Besides a mechanic insuffi-
ciency, a neuromuscular insufficiency of the joint 
stabilization may also occur [11, 25, 26].

In most cases, the standard therapy for struc-
tural lesions of the labrum-ligament complex or 
fractures of the glenoid in athletes following a 
shoulder dislocation is an arthroscopic surgery 
[11]. In this way, the development of a chronic 
instability can be avoided.

In a recent study, ten climbers from our own 
patient collective were treated with an 
arthroscopic refixation of the labrum-ligament 
complex following a traumatic shoulder disloca-
tion. In the follow-up, we found a very favorable 
functional and sport-specific outcome. All climb-
ers achieved their pre-injury performance level, 
no recurrent dislocation had occurred, and the 
mean Constant-Murley score was 97 points [27].

The therapy for climbers with a functional insta-
bility of the shoulder joint (Polar Type III) is always 
conservative by means of stabilization training and 
a modification in climbing technique [11, 25, 26].

Shoulder Dislocation
• History: Trauma, functional
• Onset: Acute, acquired
• Clinical: Pain and instability
• Diagnostic: Medical history, clinical finding, 

sonography, MRI (potentially with an intra- 
articular contrast agent—MRA)

• Therapy: Surgical therapy in case of struc-
tural pathologies of the labrum-ligament 
complex

• Outcome: Good

9.6  Rupture of the Long Head 
of the Biceps Tendon

Since climbing can often be performed at a high 
to very high level into old age, degenerative rup-
tures of the long head of the biceps tendon 
(LHBT) and its guidance through the so-called 
pulley are not uncommon due to the biomechani-
cal load. There is a clear increase in the incidence 
from the age of 45 onward [12]. Patients usually 
report preexisting symptoms and often minor 
trauma, which ultimately leads to a final rupture 
of the LHBT.  A sudden event with stabbing, 
whiplike pain is indicated in the medical history, 
after which the impressive “Popeye sign,” a full 
distalization of the muscle belly, is clinically evi-
dent (Fig. 9.7). There is usually a tenderness of 
the intertubercular sulcus, but the loss of strength 
is minimal. The diagnosis is carried out by sonog-
raphy and MRI, in addition to the clinical exami-
nation [28].

Fig. 9.7 “Popeye sign” following a rupture of the distal 
biceps tendon
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A conservative therapy of LHBT ruptures 
results in a force reduction of 8–21% for flexion 
and supination in the elbow and a persistent cos-
metic deformity (“Popeye sign”). After surgical 
refixation, this strength deficit is only 0–10%. 
Since climbers usually do not accept a strength 
deficit, surgical therapy (tenodesis) is recom-
mended [11].

All athletes treated in this way regained their 
previous sport-specific climbing level. In a retro-
spective study, an average Constant-Murley score 
of 97.8 points and a self-evaluated biceps func-
tion of 97.3% were determined [29].

Rupture of the Long Head of Biceps Tendon
• History: Chronic, degenerative changes
• Onset: Acute to chronic
• Clinical: Pain, Popeye sign, only minimal 

loss of strength
• Diagnostic: Medical history, clinical finding, 

sonography, MRI
• Therapy: Surgical
• Outcome: Good

9.7  Thrombosis 
of the Subclavian Vein 
(Paget-Schroetter 
Syndrome)

Deep vein thrombosis of the upper extremities 
(Paget-Schroetter syndrome) is rare overall (2 per 
100,000 patients per year) but, nevertheless, rep-
resents one of the most common entities of vas-
cular pathologies in athletes. Especially because 
of the growing popularity of climbing and boul-
dering, this diagnosis, which occurs primarily in 
sports with particularly high strain on the upper 
extremities, is expected to increase in the future. 
The probable cause is a mechanical external 
compression of the subclavian or the axillary 
vein in its course between the clavicle and the 
first rib through the musculoligamentous struc-
tures (e.g., scalenus anterior, muscle, subclavius 
muscle, costoclavicular ligament). Compression 
appears especially during abduction or particu-
larly strenuous arm movements, which often 
occur during climbing.

Repetitive training protocols might induce 
intimal lesions and thus cause fibrosis. The result-
ing increased scar tissue leads to a progressive 
stenosis. Under load, this can no longer be com-
pensated by collaterals, and even a small throm-
bus can cause the lumen to become completely 
blocked. Consequently, the restricted blood flow 
can no longer be compensated, at which point 
symptoms appear [30, 31]. Patients report non-
specific shoulder pain and feelings of tension in 
the shoulder and neck area. In addition, there is 
often a feeling of pressure in the entire arm, a 
change of the skin color in the sense of a livid 
discoloration up to the formation of ecchymoses, 
and a tendency of swelling during or after climb-
ing. In the case of a subacute course, the develop-
ment of collateral circulation with increased 
venous drawing, especially following exercise, 
can be found in the shoulder area (Fig. 9.8). Since 
the initial symptoms are often unspecific, it is 
important for the treating physician to be familiar 
with the pathology of Paget-Schroetter syndrome 
in order to make the correct diagnosis. This is the 

Fig. 9.8 Collateral circulation due to a thrombosis of the 
subclavian vein (Paget-Schroetter syndrome)
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only way to prevent serious potential complica-
tions, such as pulmonary embolism. In addition 
to the clinical examination, color-coded Doppler 
sonography is the most important diagnostic tool. 
Phlebography (Fig. 9.9) (or MRI angiography) is 
only necessary in rare cases and if the findings 
are unclear. In addition, CT and MRI may pro-
vide important information about additional 
causes of compression (e.g., cervical rib). 
Furthermore, thrombophilia diagnosis should be 
carried out over the course of the disease. Therapy 
is determined by the extent of the findings and 
aims to achieve freedom from symptoms as 
quickly as possible and reduce the risk of devel-
oping a post-thrombotic syndrome.

In addition to conservative therapy using oral 
anticoagulation, surgical options for recanaliza-
tion and even addressing anatomical variants (e.g., 
resection of a cervical rib) are available [30, 31].

Thrombosis of the Subclavian Vein (Paget-
Schroetter Syndrome)
• History: Functional or anatomical compres-

sion of subclavian and axillary vein
• Onset: Acute to chronic
• Clinical: Pain, swelling, and cyanosis of the 

affected arm
• Diagnostic: Medical history, clinical finding, 

color-coded Doppler sonography, phlebogra-
phy, or MRI angiography if applicable

• Therapy: Conservatively (oral anticoagula-
tion), possibly surgically depending on the 
extent of the findings

• Outcome: Often long-lasting complaints

9.8  Conclusion

Shoulder injuries are the second most common 
pathologies in rock climbing after finger injuries. 
SLAP lesions (superior labrum anterior to poste-
rior) play an especially essential role.

Furthermore, the frequency of pathologies of 
the rotator cuff, the long head of the biceps ten-
don, impingement symptoms, and injuries due to 
a shoulder dislocation has increased recently. The 
basic pillars of diagnosis are a thorough clinical 
investigation, sonography, and MRI.  If surgical 
therapy is necessary, recent studies have shown 
very promising postoperative results, enabling 
rock climbers to resume their pre-injury climbing 
abilities.

Furthermore, targeted shoulder stability train-
ing (e.g., www.act.clinic) as well as avoiding pas-
sive dead hangs in the shoulder joint can help to 
prevent shoulder injuries [26]. Also closed chain 
eccentric training has recently proofed to help in 
prevention [32].
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10.1  Introduction

Analysis of injuries in climbers show that most 
injuries caused by falls are inflicted onto the feet. 
These are often standard foot injuries, such as 
strains and sprains, ankle fractures, and talus or 
calcaneus fractures. In contrast to injuries onto 
the upper extremities, about which many studies 
have been conducted, only few studies exist con-
cerning the lower extremities, especially the feet 
[1–8]. The tight fit and build of modern climbing 
shoes can lead to specific injuries and overstrain 
[1, 9]. Furthermore, the overall number of lower 
limb injuries in climbers is rising [10, 11]. In 
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summary of the present literature on the inci-
dence of climbing injuries, it can be stated that 
injuries to the lower extremities are mostly 
caused by acute trauma, whereas injuries to the 
upper extremities are mostly chronic and over-
strain injuries [1, 12–14]. These fall-related inju-
ries happen either as a “rock hit trauma” when a 
climber falls while lead climbing and is pulled 
against the wall by the rope or as a “ground fall 
trauma” [1, 13, 15]. Both of these result in either 
ankle sprains and strains or fractures, mostly of 
the talus, calcaneus, or the ankle joint [1, 13, 15]. 
Chronic injuries are mostly due to the tight fit of 
the climbing shoes as well as their cut, build, and 
biomechanical design [3, 7, 8, 16]. Bowie et al. 
[15] as well as others [13, 14, 17, 18] report that 
roughly 50% of climbing injuries concern the 
lower extremities. Neuhof et al. [19] also found 
an even injury distribution between the upper 
(42.6%) and lower extremities (41.3%). Killian 
et al. [8] found a significant correlation between 
the incidence of ankle sprains and bouldering as 
well as between ankle sprains and sport climbing. 
The following chapter will present these acute 
injuries as well as the chronic, overstrain 
conditions.

10.2  Modern Climbing Shoes

Until about 40 years ago, most alpine climbing 
and rock climbing were done in heavy mountain 
boots. An extra pair of socks was often worn, 
and the foot was held in a leather cast that pro-
tected it but also took away any sensitivity and 
the need for strength in the toes. Leather boots 
were replaced by the legendary E.B. in the 
1970s, and a new generation of climbing shoes 
with sticky rubber soles was just around the cor-
ner. Since those early days, climbing shoes have 
become specialized according to the type of rock 
climbing one wants to do. Attributes such as 
downturn, the concave shape that places pres-
sure on the toes, and asymmetry, concentrating 
the pressure on the big toe, are basic elements of 
modern climbing shoes [8, 9, 20] (Fig.  10.1). 
These special climbing shoes help the climber to 
stand on both slabs and edges, using friction 

with straight toes and bent toes with precision 
and proper contact, respectively [7–9, 21, 22]. 
The majority of foot injuries in climbing result 
from wearing climbing shoes which are unnatu-
rally shaped or too small in size [7, 8, 21, 22]. 
The shoe size reduction forces the foot to con-
form to the shoe and changes the biomechanical 
position of the foot within the shoe. The foot 
shortens through supination and contraction of 
the digits [1, 7, 8, 22]. In front pointing, the 
proximal and the distal interphalangeal joints are 
flexed, and the metatarsophalangeal joints are 
overextended (crimping toes) (Figs.  10.2 and 
10.3). Lateral X-rays of feet inside climbing 
shoes show that the foot weight distribution onto 
the first and fifth metatarsal head and the heel no 
longer corresponds to the normal distribution. 
The foot is front pointing onto the distal toe pha-
langes [7, 8] (Fig. 10.4). Moreover, the plantar 
flexion of the metatarsal heads results in a tight-
ening of the plantar fascia [6–8, 22]. High-ability 
climbers experience more foot deformities and 
injuries compared to climbers of lower ability 
due to the common practice of wearing climbing 
shoes sized smaller than normal streetwear shoes 
[5, 7, 8]. In 1999, we reported an average shoe 
size difference between normal shoes and climb-
ing shoes of 2.3 ± 0.73 continental sizes in high- 
ability rock climbers [mean climbing level 9.7 
(UIAA MedCom metric scale)], whereas Killian 
et al. [8] reported a shoe size difference of one to 
two continental sizes (mean 1.7) in average 
climbers [mean climbing level 7.0 (UIAA 
MedCom metric scale)]. McHenry et  al. [5] 
found ill-fitting and excessively tight footwear in 

Fig. 10.1 Modern climbing shoe with “downturn” and a 
“slingshot”
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55 out of 56 rock climbers with a mean differ-
ence of climbing shoes to normal shoes of 3.88 
UK sizes. Foot pain during activity was also 
commonplace in 91% of the climbers as well as 
a mean shoe size reduction of almost four UK 

sizes between the climbers’ street shoe size and 
that of their climbing footwear using a calibrated 
foot/shoe ruler. Furthermore, an unfortunate 
association between higher climbing specific 
abilities and the urge for a tighter shoe fit 
(p < 0.001) was reported [5].

For further analysis, acute injuries, mostly 
from falls and overuse (overstrain) injuries, due 
to the tight-fitting climbing shoes must be 
distinguished.

10.3  Chronic Foot Conditions 
From Climbing Shoes

Modern and “aggressive” (high downturn, very 
pointy last) climbing shoes are not comfortable, 
and various studies showed that 80–96% of all 
climbers report feeling pain when wearing their 
climbing shoes [1, 5, 7, 8, 22]; simultaneously, 
studies show that these climbers are bearing the 
discomfort and pain to achieve a better climbing 
ability [1, 5, 7–9, 22].

Kilian et al. [8] surveyed 100 climbers through 
a questionnaire on foot conditions. Seventy-three 
were male, 27 were female, and the mean climb-
ing level was 5.10 US (7.0 UIAA [26]). Eighty- 
one percent of the climber’s complained of 
discomfort from the climbing shoes. Pain in the 
toes or hallux valgus was the most frequent com-
plaint. The authors found a significant correlation 
between the climbing ability and extent of shoe 
size reduction; however, they found no correla-
tion between the extent of shoe size reduction or 
skill level and the incidence of pain or discom-
fort. Sixty-five percent of the surveyed climbers 
experienced either tingling or numbness, a condi-
tion also frequently mentioned by Peters [22] and 
Largiadèr and Oelz [25]. These neurological 
complaints and neuromas are known to be greatly 
exacerbated through constricting shoes [27]. Van 
der Putten et al. [7] also frequently found myco-
sis, splinter hemorrhage, nail fractures, hallux 
valgus, bunions, and callosities. Nevertheless, as 
the focus of this publication was on the biome-
chanical development of a climbing shoe, exact 
numbers of the distribution of these conditions 
were not given [1].

Fig. 10.2 Radiograph of a foot within a climbing shoe in 
a standing position

Fig. 10.3 Radiograph of a foot within a climbing shoe in 
a lateral view. Note the crimping position of the toes and 
that the forefoot is not resting on the first and fifth meta-
tarsal but on the crimping toes

10 Foot and Ankle
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The shoe size reduction forces the foot to con-
form to the shoe and changes the biomechanical 
position of the foot within the shoe. The foot 
shortens through supination and contraction of 
the digits [7, 8, 22]. In front pointing, the proxi-
mal and especially the distal interphalangeal 
joints are flexed, and the metatarsophalangeal 
joints are overextended (crimping toes). This 
causes a deviation of the distal end of the meta-
tarsals [9]. Repetition of the biomechanical non-
physiologic position can lead to a hallux valgus 
deformity [1, 5, 7, 22]. Also, the plantar fascia is 
under excessive tension [1, 5, 7, 22]. Schöffl 
et  al., Killian et  al., and McHenry et  al. used 
radiographic analysis of feet within climbing 
shoes to show that these kind of shoes press the 
foot into a hallux valgus-like position [1, 5, 8], 
with an increase of the hallux valgus angle of 
about 7° [1] (Fig.  10.4). Fifty-three percent of 
sport climbers showed a unilateral hallux valgus 
deformity, and 20% showed a bilateral hallux 

valgus deformity in climbers who had been 
climbing for more than 12 years at a mean climb-
ing level of UIAA metric 9–66 [4]. This rate of a 
hallux valgus is much higher than in an age- 
matched comparison group of non-climbers, in 
which a prevalence of 4.5% could be found [1]. 
Killian et al. [8] found an average incidence of a 
hallux valgus of 34% in climbers of all difficulty 
levels but in 53% of the group of climbers in the 
5.12 range (UIAA metric 8.3–9.0).

As the climbing difficulty level increases, the 
demand that climbing shoes fit tightly and put 
extreme pressure onto the toes rises because the 
footholds become smaller [1]. Thus, high-level 
climbers are more prone to overstrain injuries of 
the feet [1, 5, 7–9]. In our own study, we evalu-
ated 30 male high-level climbers with a mean 
climbing training time of 12.3 h per week and a 
mean climbing level of UIAA metric 9.66 [4]. 
The respective shoe seize difference was 2.3 sizes 
(European size). All climbers showed callosities 

Fig. 10.4 Radiograph 
of feet with and without 
climbing shoe in a 
standing position. Note 
how the climbing shoes 
presses the large toe into 
a hallux valgus position
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and pressure marks on the dorsal aspect of the 
toes. The incidence was the highest onto the large 
toe (100%) and gradually decreased from toe to 

toe in the direction of the small toe (8%) [4] 
(Fig. 10.5).

Table 10.1 shows the distribution of chronic 
overstrain pathologies in this study.

A correlation of chronic deformities of the 
feet and climbing training intensity and climb-
ing level is most likely, especially if the results 
of our study [4] are compared to that of Largiadèr 
and Oelz [25]. In the latter study, the authors 
only found 28% chronic deformities of the toes 
and 21% of the feet in climbers who had signifi-
cantly fewer training hours and a distinctly 
lower climbing level than the athletes from our 
study [1].

Most of the previously mentioned chronic 
pathologies can be diagnosed through a thorough 
clinical examination and radiography. An MRI is 
only necessary in rare cases.

Depending on the extent of complaints and the 
deformity, surgical therapy may be necessary 
(corrective osteotomy of the first metatarsal) in 
addition to conservative treatment (e.g., adapted 
footwear, hallux night storage track) [23]. 
Moreover, in recent years, we have seen an 
increasing number of climbers with a hallux rigi-
dus condition, even cases requiring a surgical 
therapy (cheilectomy or fusion) [20]. Rock 
climbing is still possible after this procedure; 
nevertheless, the risk of osteoarthritis in the 
adjunct joints increases [1] (Fig.  10.6). 
Furthermore, preexisting enchondroma or bone 

Fig. 10.5 Typical callosity in a 15-year-old female 
climber

Table 10.1 Foot deformi-
ties in high level climbers 
(n = 30) [4]
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cysts can lead to increased pain in a tight climb-
ing shoe [1, 5, 7, 8, 18] (Fig. 10.7).

In summary, most climbers are willing to 
endure some pain in their climbing shoes and 
accept possible long-term consequences. 
Climbing ambition and the fun in doing hard 
moves seem to be too important to the athletes [1, 
9] (Fig. 10.8).

Chronic Feet Deformities in Climbers
• History: Tight-fitting climbing shoes with 

toes in a crimping position
• Onset: Chronic
• Clinical: Pain, callosity, bunions, subungual 

hematoma, hallux valgus, hallux rigidus
• Diagnostic: Clinical finding, radiography
• Therapy: Mostly conservative
• Outcome: Depending on the shoe size used

10.4  Traumatic Feet Injuries

In addition to the chronic overstrain injuries 
caused by tight-fitting climbing shoes, acute inju-
ries, mostly from falls, also need to be 
evaluated.

Fig. 10.6 Osteoarthritis auf the large toes base and mid-
dle joint in a 35-year-old climber

Fig. 10.7 Symptomatic enchondroma of the large toe in 
a female climber

Fig. 10.8 Comparison of a foot with and without climb-
ing shoe
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Falls are the most common cause for injuries 
to the lower extremities in rock climbing [15, 19, 
28–30]. Thereby, a distinction needs to made 
between two different types of falls: a wall- 
collision fall and a ground fall [20]. In a wall- 
collision fall, the climber hits the wall in an 
approximately horizontal plane, whereas during 
a ground fall, the climber experiences the impact 
in a mainly vertical plane [20].

In a wall-collision fall, the climber takes a fall 
while lead climbing. When falling, the tensioning 
of the rope pulls the climber either to or against the 
rock face [1, 5, 8, 18, 31]. The force of the impact 
against the rock face varies in accordance with fall 
height, belay technique, and rope stretch [20] 
(Fig. 10.9). Contrary to how it may appear, short 
falls with a high impact factor (generally not far 
from the ground or the belay) can be the most dan-
gerous. In those cases, the climber is actually pulled 
back onto the rock, and the angle at which he or she 

extends the foot (or arm) upon impact creates a lot 
of stress to this particular location. Additionally, 
assisted-braking belay devices such as the Gri-
Gri® (Petzl, France) and Sirius® (TRE, Germany) 
can increase the fall factor [20]. Typical injuries are 
contusions or compound fractures [20].

The other pathomechanism, the so-called ground 
fall, is even more common, especially in bouldering 
(Fig. 10.10). In a ground fall, the impact of the foot 
onto the ground causes the trauma. A ground fall 
from a height of as little as 3 meters can already 
cause serious fractures of the calcaneus, talus, and 
the ankle joint (Fig. 10.11) [20]. Other ground fall 
injuries include sprains and ligamental injuries [13, 
14, 17, 20, 32, 33]. These injuries are increasing 
with the growing popularity of bouldering as a sub-
discipline in climbing [10, 34], but they are also 
fairly common with sport climbers who fall before 
reaching the first bolt or who are dropped by their 
belayer [20]. A typical injury mechanism in indoor 
climbing, especially bouldering, has been a fall onto 
the mats with the foot stuck in the intermediate sec-
tion between two mats [28, 29, 35–38]. This has 
happened quite often, partly because the first indoor Fig. 10.9 A long fall with slack rope, reducing the impact

Fig. 10.10 Ground fall trauma
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bouldering walls in the late 1980s were small places 
with old mattresses as protection. Since then, this 
issue has been addressed by the Medical 
Commission of the UIAA [38] (International 
Mountaineering Association), and the International 
Federation of Sport Climbing (IFSC) has imple-
mented a rule that these intersections must be closed 
in competitions [35]. Furthermore, this also has 
become a standard in modern bouldering gyms 
(Fig.  10.12). In addition to mats without gaps, 
indoor  bouldering gyms implement further safety 
measures such as innovative wall design to decrease 
the injury rate. Despite being quite rare, falls onto 
other boulderers must also be considered regarding 
injury prevention [9]. For example, in some gyms, 

kids run around without parental supervision, dur-
ing which severe injuries can happen. While kids 
play, they do not care if someone is climbing above 
them and could fall onto them. Close supervision 
and the education of and by the parents are essen-
tial. An indoor climbing wall should not be seen as 
a children’s playground, especially since most gyms 
provide designated children’s areas [1, 5, 8, 9, 12, 
13, 16, 18, 31, 39].

Another risk while bouldering results from 
items such as chalk bags or water bottles lying 
underneath the boulders; for example, one 
climber tore their cruciate ligament at a World 
Cup after falling onto their own chalk bag.

For bouldering outdoors, which has become 
very popular in an increasing community, climbers 
use “crash pads” (portable multiple foam layer 
mats) as protection and “spotting” to position fall-
ing climbers onto these mats. Falls next to or in 
between the mats also happen outdoors (Fig. 10.13). 
Most injuries in outdoor bouldering are sprains and 
strains onto the ankles, as well as talus, calcaneus, 
or ankle fractures [9, 12, 16, 32, 33, 40, 41]. In rope 
climbing, ground falls are comparably rare and 
usually caused by a fall before clipping the first bolt 
or belay failure [1, 9, 12, 16, 18, 31].

Many studies have already investigated the 
injury incidence to the lower leg and have reported 
inhomogeneous injury incidences. Neuhof et  al. 
[19] evaluated 1962 sport climbers and their inju-
ries over a 5-year period and found a total of 699 
injuries. Out of these, 345 (41.3%) were to a lower 
extremity; 29.2% were on the feet. Most of the 
fractures (48.6%) and most of all contusions 

Fig. 10.11 Talus fracture after a climbing fall

Fig. 10.12 Modern indoor bouldering gym with perfect 
mat covering and no intersections between mats. (Phtoto: 
Enrico Haase)

Fig. 10.13 “Crashpad belay” in outdoor bouldering. 
(Photo: Enrico Haase)
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(42.5%) were to the feet, while most ligamental 
injuries and tendon injuries were to the fingers. 
Ankle sprains are frequent in boulderers and sport 
climbers with a significant correlation [8] to these 
climbing activities. Killian et  al. [8] reported an 
incidence of 0.23 for ankle sprains and 0.03 for 
foot fractures in rock  climbers. Nelsen et al. [13] 
found that ankle injuries accounted for 19.2% of all 
climbing injuries; Buzzacott et al. [14] found in a 
consecutive study that the number increased to 
27%. Backe et al. [17] even reported that out of all 
acute climbing injuries, 50% involved the foot, toe, 
and ankle. The most common type was a ligament 
injury, followed by contusions and lacerations. 
Gerdes et  al. [42] also reported that sprains and 
strains were most common in the fingers (31.9%) 
and the ankle (23%). Fractures were most common 
to the foot (24.6%) and the ankle (22.1%). 
Especially in older athletes, even short falls can 
lead to foot and ankle fractures caused by the 
increased brittleness of the bone that occurs with 
aging [43, 44]. In these cases, even minor falls may 
result in a serious injury [1, 12, 16, 18, 40] [9, 45].

Typical traumatic feet injuries in rock climb-
ers are [13, 19, 20, 28, 36, 40, 42, 46]: (1) contu-
sion, (2) calcaneus fracture, (3) talus fracture, (4) 
ankle fracture, and (5) ankle sprain with lateral 
ligament injury. All of these injuries show an 
acute onset of symptoms (e.g., pain, swelling, 
impairment of mobility), and the diagnosis is 
made by a thorough clinical examination and 
radiography. In case of an unclear finding, a CT 
or MRI can be necessary to detect the complete 
extend of the injury.

The resulting typical injuries should undergo 
treatment according to standard orthopedic 
trauma guidelines. In case of displaced fractures, 
this usually means operative reconstruction (open 
reduction and internal fixation).

In summary, the literature reports that most 
injuries in rock climbing are either chronic or 
occur because of a hard move, leading to patholo-
gies of the upper extremities. Nevertheless, the 
most serious fractures and sprains are to the feet 
and ankle joint [1, 10, 14, 16, 33, 39, 40, 42]. As 
previously discussed, the therapy follows the 
standard recommendations of the trauma and 
orthopedic surgical societies.

In analyzing these injuries, one other con-
comitant effect must be considered. The tight-
fitting and non-cushioned climbing shoes 
described earlier increase the impact and sever-
ity of falls because of the change of the foot’s 
biomechanical position within the shoe. The feet 
are not resting on the first and the fifth metatarsal 
head but on the toes in a crimp position [4] 
(Fig. 10.3). This leads to a different, nonphysio-
logic impact in a fall. Thus, strains and sprains 
happen more frequently in comparison to falls 
when normal shoes or mountain boots are worn 
[1, 5, 7–9, 17, 18].

Traumatic Foot Injuries
• History: Ground fall or rock-collision trauma
• Onset: Acute
• Clinical: Pain, swelling, hematoma, 

deformity
• Diagnostic: Clinical finding, radiography, 

optional CT/MRI
• Therapy: In accordance with orthopedic 

trauma guidelines
• Outcome: Depending on the diagnosis

10.5  Peroneal Tendon 
Dislocations

Acute peroneal tendon dislocations are rare med-
ical conditions. Although this condition is most 
often seen in skiers [47–50], rock climbers can 
also be affected by peroneal tendon and tibialis 
posterior tendon dislocations [1]. Evaluating 908 
climbing injuries over 4 years (2009–2012), we 
diagnosed three climbers with this pathology [2]
(Figs. 10.14 and 10.15). All patients reported a 
snap of the peroneal retinaculum while having 
the foot in a plantar flexion with maximum inver-
sion and applying high tension onto the large toe 
while climbing. These acute peroneal tendon dis-
locations can be interpreted similarly to pulley 
injuries in the fingers [51]. With a high-strength 
impact onto the superior peroneal retinaculum, 
which serves an analogous function as the pulley 
system of the fingers, the retinaculum, also 
enhanced by the calcaneofibular ligament, fails, 
and the peroneal tendons dislocate.

10 Foot and Ankle
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In all three cases, the peroneal tendon groove 
of the fibula was of normal shape; therefore, there 
was no anatomical predisposition.

Clinically, the patients complain of an acute 
onset of symptoms. In addition to pain and swell-
ing on the lateral aspect of the upper ankle joint 
and an impairment of mobility, the peroneal ten-
don might be visible and palpably dislocated over 
the lateral malleolus.

The diagnosis is made by a thorough clinical 
examination and ultrasound, which allows a 
dynamic imaging of the dislocated tendon. In 
case of an unclear finding, an MRI can be neces-
sary to detect the complete pathology and deter-
mine the shape of the peroneal groove.

In general, literature recommends a nonsurgi-
cal approach if the dislocation is treated immedi-
ately and the tendons stay in their normal position 
within a cast [47, 48].

Nevertheless, in active patients, especially 
in “foot-dependent” sports, surgical repair is 
recommended [47, 48]. Surgical techniques 
are mostly described for chronic subluxation 
and include a peroneal groove deepening, a 
tenoplasty, or a bone block transfer [47–50, 
52]. A direct repair of the ruptured structures 
is only possible in acute cases, sometimes in 
combination with a periosteal flap [47, 52]. 
We performed a surgical repair in all of the 
previously mentioned cases (Fig.  10.16). In 
two cases, a direct repair was possible, and in 
one case, an additional periosteal flap was 
necessary. After surgery, the area was immobi-
lized for 6 weeks with a cast. Climbing activ-
ity was allowed 8  weeks after injury. All 
athletes regained their full climbing ability 
with no reoccurrence or consisting problems. 
Overall, we recommend a surgical repair of 
dislocations of peroneal as well as tibialis pos-
terior tendons in climbers.

Peroneal Tendons Dislocation
• History: High stress onto the foot in inward 

rotation
• Onset: Acute

Fig. 10.14 High stress onto the peroneal tendons stand-
ing on tiptoe with inward rotation of the ankle

Fig. 10.15 Peroneal tendon dislocation in a climber

Fig. 10.16 Surgical reconstruction of the peroneal reti-
naculum with a periosteal flap

V. Schöffl and M. Simon
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• Clinical: Pain, visible and palpable dislocated 
tendon

• Diagnostic: Clinical finding, ultrasound, MRI 
optional (mostly to determine the shape of the 
peroneal groove

• Therapy: Surgical
• Outcome: Good

10.6  Conclusion

Considering the high incidence of feet patholo-
gies in rock climbers, it is astonishing that so 
far, very little scientific research has been car-
ried out on this topic. With numbers of up to 
90% of climbers with chronic foot conditions, 
more research needs to be done in this respect 
(1). To reduce these complaints, climbers need 
to be advised not to wear their shoes too tight 
and to have additional, loose-fitting training 
shoes [20]. The climbing shoe industry should 
also be involved. New fitting strategies with less 
stretchy outer materials and biomechanically 
adjusted constructions are promising approaches 
in this area [1]. New shoes should have an inner 
lining to reduce bunions and callosities while 
still guaranteeing a good perception of the rock. 
While high-level climbing athletes may require 
a tight- fitting shoe, the vast majority of recre-
ational climbers need the opposite: a comfort-
ably fitting shoe which supports the foot and 
does not hurt [1].
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11.1  Overview (Statistics)

Injuries and overuse damage to the hip, thigh, 
and knee joint have become more frequent in 
climbing and bouldering in recent years, with a 
significant increase of acute knee injuries [1, 2]. 
Changes within the sport and current trends in 
wall construction and route setting are consid-
ered to be the main cause for this change [1, 3]. 
Thereby, complex, three-dimensional wall struc-
tures and climbing routes often require uncon-
ventional physical effort of the athletes; 
gymnastic elements and new techniques are 
increasingly used. A comparative analysis of 
more than 600 climbing athletes recently showed 
an impressive increase of knee injuries between 
the survey periods of 1998–2001 and 2017–2018 
[1, 2]. Thereby, acute knee injuries currently rep-
resent the fourth most common injury region in 
the sport, accounting for 7.1% of climbing- 
related injuries. Overuse injuries or other symp-
toms of the hip/groin (0.8%) or thigh (0.9%) are 
diagnosed less frequently [1] and are not among 
the ten most frequently injured body regions in 
climbing. However, a stringent diagnostic and 
therapeutic procedure is also of utmost impor-
tance for these complaints.

11.2  Diagnosis

The diagnostic procedure for complaints in the 
hip, thigh, or knee initially follows the usual cri-
teria and should be structured as follows:

 1. Anamnesis: How long have the complaints 
existed? After which strain or movement did 
the pain start? Can the complaints be trig-
gered (e.g., specific body positions)? Do the 
complaints radiate? Have the pain characteris-
tics changed? Which treatment has already 
been administered?

 2. Clinical examination: Inspection of abnor-
malities (swelling, limping, etc.), palpation of 
the corresponding region (pain exacerbation 
by palpation, etc.), and joint-specific tests 
(e.g., FADIR test of the hip, meniscus tests, 

etc.). This should always be accompanied by a 
comparative examination of the opposite side.

 3. Imaging procedures: Ultrasound, X-ray, CT, 
and MRI, depending on the suspected 
diagnosis.

A detailed anamnesis and a detailed clinical 
examination are essential for the clarification of 
hip, thigh, and knee problems in climbers and 
usually allow a correct diagnosis. Imaging proce-
dures can be selected based on the anamnesis and 
clinical examination. MRI is the preferable imag-
ing technique for more precise clarification of the 
symptoms.

11.3  Femoroacetabular 
Impingement

Femoroacetabular impingement (FAI) is a com-
mon cause of hip pain in climbers and must be 
considered and recognized as it represents a 
major contributing factor to arthritis of the hip 
[4]. The underlying pathomechanism is usually a 
subtle deformation of the femoral neck 
(Fig.  11.1), whereby repeated abnormal bone 
contact (impingement) between the femoral neck 
and acetabulum occurs, particularly in cases of 

Fig. 11.1 X-ray (lateral view) of a climbers right hip 
joint with radiological evidence of femoroacetabular 
impingement (red arrow marks the so-called “bump” at 
the femoral neck)
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strong flexion of the hip joint (e.g., use of the 
“high step” position), which can cause joint dam-
age, pain, radiological changes, and arthritis [5] 
(Figs. 11.1 and 11.2). Two major types of FAI are 
classified. “Cam” impingement is a bony promi-
nence (so-called “bump”) of the femoral head 
and neck transition (Fig. 11.1). During hip flex-
ion and internal rotation, the bump is pressed 
against the acetabular rim, which can cause carti-
lage damage and labral tears (Fig.  11.2) [4, 5]. 
“Pincer” impingement is a protruding acetabu-
lum. Flexion of the hip leads to contact between 
the femoral head and the acetabulum, which can 
also cause labral injuries and cartilage damage. 
Cam impingement is more common in younger, 
athletic men and is associated with reactive 
remodeling reactions of growth plates in  children/

adolescents, who are very active in sports. Pincer 
impingement is usually more likely to be detected 
in middle-aged women. Mixed images are com-
mon [4].

Clinically, patients usually report pain during 
sports, especially when competing at high speed 
with maximum flexion and/or internal rotation of 
the hip (e.g., “drop knee” position). After a physi-
cal examination with appropriate stress tests 
(including the so-called FADIR test  =  flexion, 
adduction, and internal rotation of the hip), the 
radiological clarification (radiographs of the pel-
vis and the hip) and MR arthrography (Figs. 11.1 
and 11.2) are performed. Depending on the find-
ings, an arthroscopy of the affected hip joint 
should be considered (partial resection of the 
femoral bump, reconstruction of the labrum or 
arthroscopic cartilage therapy) (Fig. 11.3).

In the clarification of groin and hip pain, dif-
ferential diagnoses must be considered both in 
the patient’s medical history and during the 
clinical examination. As shown in Fig.  11.4, 
acute injuries around the origin of the hip flex-
ors/knee extensors can also trigger groin pain. 
The pictured athlete experienced severe pain in 
his groin while stepping on a high foot hold in 
an unfavorable body position. Magnetic reso-
nance imaging confirmed a traumatic rectus 
femoris muscle tear with detachment of the pel-
vis (Fig. 11.4).

Fig. 11.2 MRI of a labral lesion with acetabular roof 
cysts (see arrow) in femoroacetabular impingement

Fig. 11.3 Intraoperative fluoroscopy during arthroscopic 
femoral neck osteoplasty (see arrow) in femoroacetabular 
impingement

11 Hip and Knee Injuries
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11.4  Heel Hook Injuries

An injury mechanism that has become increas-
ingly common in recent years is the heel hook- 
related injury, which is attributable almost 
exclusively to bouldering [6] (Fig. 11.5). Modern 
bouldering gyms or competition facilities offer 
complex wall structures, which require the use of 
the legs and feet in a much more complex motion 
sequence than formerly known and performed 
[7]. The increasing popularity of outdoor boul-
dering also contributes to the accumulation of 
heel hook-related injuries (Fig. 11.5).

To stabilize the body, especially in bouldering, 
heel or toe hooks are often used. In steep wall sec-
tions, the heels or toes are thereby used to transfer 
the tensile load of the ischiocrural muscles to the 
corresponding wall structures to stabilize the 
body position (Fig.  11.5). Additionally, these 
movements often require an external rotation of 
the lower leg with maximum external rotation of 
the knee. This position can lead to the maximum 
load on collateral ligaments, lateral meniscus, 
posterior cruciate ligament, popliteus tendon, 
posterior joint capsule, iliotibial tractus, and 
ischiocrural muscles. In the case of heel hook 

Fig. 11.4 MRI of an avulsion lesion of the rectus femoris 
muscle (see arrow)

Fig. 11.5 Heel hook position of the right lower extremity 
during bouldering with external rotation and flexion in the 
hip and knee joint

• Etiology: Anatomical variants of the 
femoral head/neck transition and/or the 
acetabulum.

• Onset: Gradual, progressive, and load- 
dependent complaints, especially in 
cases of strong flexion/internal rotation 
of the hip joint.

• Clinic: Dull and deep hip/groin pain.
• Diagnosis: Clinical, radiographic, and 

MR arthrography.
• Therapy: Depending on the labrum and 

cartilage, arthroscopy of the hip joint 
with femoral neck shaping, labral recon-
struction, cartilage therapy, acetabular 
roof plastic, etc.

• Result: Often asymptomatic after surgi-
cal correction. Subsequent progress of 
the joint destruction cannot always be 
safely avoided.
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injuries, athletes often report a loud snapping 
sound in the event of the accident, which is most 
likely explained by a phenomenon in which the 
extended iliotibial tractus snaps over the lateral 
condyle, similar to a maximum pivot shift. The 
injuries can be divided into two main locations: 
injuries near the knee and near the pelvis. Injuries 
near the pelvis usually involve a tendon avulsion 
(partial or total) of the biceps femoris or the rectus 
femoris insertion (Fig.  11.6). Stretching tech-
niques and sufficient warm-up might have a pre-
ventive effect. Clinical examination usually 
includes stress tests and palpation. In addition, 
sonography often provides indications of periten-
dinous or intramuscular hematomas around the 
ischiocrural muscles. Reliable visualization of 
tendon avulsions or muscle tears is also possible 
in some cases. To exclude any bony lesions, it is 
recommended to perform an X-ray diagnosis. For 
detailed evaluation of the muscle-tendon injuries, 
MRI is usually performed (Fig. 11.6). Depending 
on the extent of the muscle-tendon injury, conser-
vative therapy is performed by resting and avoid-
ing the corresponding load on the affected 
muscles. Higher graded lesions usually require a 
surgical procedure (Fig.  11.7). Ehiogu et  al. 
recently evaluated current rehabilitation concepts 
for climbers after acute hamstring injuries [8]. 
The authors thereby highlighted the fact that reha-
bilitation should address the loading capacity of 
injured tissues early in the treatment regime using 
primarily concentric muscle-strengthening 
strategies.

Heel hook injuries close to the knee joint have 
already been described in other sports (e.g., mar-
tial arts), in which the opponent is often attacked 

with the legs. A higher injury risk seems obvious 
due to the extreme forces and the fast movements 
in these sports; in climbing, however, heel hooks 
are often performed statically. Regarding the 
underlying pathologies of heel hook injuries 
around the knee, please refer to Sect. 11.5 (knee 
injuries). The selective use of imaging techniques 
is crucial in the supervision of climbing athletes. 
If an athlete reports a loud snapping noise 
described during a heel hook without correspond-
ing persistent symptoms, imaging can be omitted 
with reference to the “snapping” of the iliotibial 
tractus. However, a clinical follow-up investiga-
tion is recommended. If the patient reports symp-
toms, an MRI of the knee joint and the distal thigh 
is recommended in addition to regular X-rays.

A sufficient warm-up before climbing/boul-
dering and regular stretching exercises are rec-
ommended to avoid heel hook injuries.

Fig. 11.6 MRI of an avulsion injury with hematoma for-
mation in the ischiocrural muscles of the right lower 
extremity after acute trauma during heel hook (see arrow)

Fig. 11.7 Intraoperative findings after avulsion injury of 
the ischiocrural musculature. The figure shows the tendon 
stump sheared off from the pelvis before refixation

• Etiology: Instant pain during the heel 
hook movement, especially in boulder-
ing. A painless loud snapping noise 
around the knee can occur during the 
heel hook.

• Onset: Acute onset of pain, usually on 
the dorsal thigh. Alternatively, snapping 
phenomenon around the knee, often 
painless.

11 Hip and Knee Injuries
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11.5  Knee Injuries

While knee injuries are generally among the most 
common sports injuries, few injuries of this type 
have been diagnosed [9, 10].

However, the current worldwide indoor boulder 
“boom” is causing a rapid increase in the absolute 
number of injuries and especially acute injuries 
(see Chap. 2, Injury Statistics). Among these acute 
injuries, a recently growing number of knee inju-
ries has been noticed. In this context, Josephsen 
et al. reported a higher prevalence of knee injuries 
in indoor bouldering compared to outdoor boul-
dering [11]. The increase in acute injuries around 
the knee is attributed to the design of modern 
climbing and bouldering facilities as well as the 
changed training methods in modern bouldering.

A comparative analysis of the current injury 
statistics (database of the authors’ patient collec-
tive) showed a doubling of knee injuries between 
2015 and 2018 compared to the years 1998–2001. 
While 6.7% of the climbing-related injuries in 
the collective were in the knee joint area, other 
authors report percentages of up to 10% among 
the sport-specific injuries [12].

The underlying mechanisms of injury in boul-
dering and lead climbing have long been unclear 
and have recently been identified and published 
for the first time. The following four trauma 
mechanisms were identified: (1) high step 

(Fig.  11.8), (2) drop knee (Fig.  11.9), (3) heel 
hook (Fig.  11.9), and (4) falls on the ground 
(Fig. 11.10) [13].

Meniscal lesions, strains of the iliotibial trac-
tus, and cruciate ligament injuries are the most 
common diagnoses. Individual mechanisms of 
injury and the resulting injuries were reported as 
follows (Table 11.1):

Fig. 11.8 High step position of the right lower extremity 
during bouldering with maximum flexion in the knee joint

Fig. 11.9 Drop knee position of the left lower extremity 
during bouldering with flexion in the knee joint and strong 
internal rotation in the hip joint

• Clinic: Variable, depending on localiza-
tion and underlying pathology.

• Diagnosis: Often by anamnesis (snap-
ping phenomenon); in cases of com-
plaints—ultrasound, X-ray, and MRI.

• Therapy: Depending on the underlying 
pathology.

• Result: Depends on pathology. Often 
complete healing, surgical therapy nec-
essary occasionally.
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• High step: Mainly medial meniscus lesions
• Drop knee: Mainly medial/lateral meniscus 

lesions and medial collateral ligament injuries 
(Fig. 11.11)

• Heel hook: Mainly strains of the iliotibial trac-
tus, the ischiocrural muscles, and lateral 
meniscus lesions (Fig. 11.12)

• Falls on the ground: Mainly ACL injuries

In terms of diagnostics and therapy, the super-
vision of climbing athletes does not differ signifi-
cantly from that of other athletes. Results from 
the authors’ patients showed an overall fast return 
to sport in climbing athletes after a knee injury. 

Sport-specific stabilization exercises are recom-
mended to prevent injuries from falls.

Fig. 11.10 Uncontrolled fall on the mat in bouldering

Table 11.1 Distribution of knee injuries [13]

Injury type % in own patients
Medial meniscal tear 28.6
Iliotibial band sprain* 19.5
ACL tear + 9.1
LCL tear 7.8
Lateral meniscal tear 5.2
Patellar dislocation 3.9
Minor joint effusion 3.9
Cartilage injury 3.9
Others 3.9
ACL rupture 2.6
Partial ACL tear 2.6
Medial meniscal tear w. MCL tear 2.6
MCL tear 2.6
Popliteal muscle tear 2.6
Joint fracture 1.3

Fig. 11.11 MRI of a lateral meniscus posterior horn 
lesion after a heel hook injury in bouldering (see arrow)

Fig. 11.12 MRI of a ganglion cyst at the ischiocrural 
muscles near the knee (see arrow)

11 Hip and Knee Injuries
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11.6  Conclusion

In summary, complaints in the hip/groin, thigh, 
and knee form a large group of clinical patterns in 
climbers. Sufficient knowledge of the underlying 
pathologies as well as mechanisms of injuries 
allows a quick and correct diagnosis. A 
 conservative therapeutic approach is possible in 
many cases; acute injuries of the knee or specific 
anatomical variation around the hip sometimes 
require surgical therapy. Healing processes are 
sometimes prolonged, and adjustment of training 
after returning to sport is recommended.
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• Etiology: Four different trauma mecha-
nisms: high step, drop knee, heel hook, 
and fall on the ground

• Onset: Acute injuries
• Clinic: Depending on injury
• Diagnosis: Clinical investigation, 

X-rays, and MRI
• Therapy: Often conservative therapy, 

surgical procedure required in approxi-
mately one-third of all injuries

• Result: Depending on injury; mostly 
good outcome
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12.1   Traumatic Spine Injuries

The formerly more frequent and dreaded ground 
fall has become less frequent, thanks to new belay 
devices, belaying trainings, and increasingly bet-
ter protection of climbing areas. In boulder gyms, 
fractures of the spine are very rare due to the 
safety mats, and in climbing gyms, fall protection 
floors are increasingly used and belaying train-
ings are frequently given. This is shown by the 
accident statistics of alpine and climbing clubs 
[6–8]. Nevertheless, ground falls leading to seri-
ous injuries still occur occasionally. Falls into the 
climbing rope with wall collision seem to have 
increased as a consequence of the  development 
of semiautomatic belaying devices. However, 
these falls usually result in injuries to the lower 
extremities. An exception is the “head over 
heels” fall, during which the climber turns and 
hits the wall with his skull or back. Particularly, 
severe hyperextension injuries of the spine can 
also result from a simple fall into the rope with 
high impact, if the climber falls unexpectedly, 
has had an unfavorable body position during the 
fall, or does not build up enough tension in the 
back during the fall.

12.1.1  Back Strain

Not only rope falls or sudden (rotational) move-
ments but also a decrease in the strength of the mus-
cles in a tense movement can lead to strains of the 
back, just as in other parts of the body. Mostly, these 
strains occur in eccentric movement. These injuries 
are small tears in muscles or ligaments that are rarely 
detectable in radiological imaging. Sometimes, 
sonography or MRI scans show increased fluid 
accumulation. Such strains can cause consider-
able pain when the damaged muscle or ligament is 
activated and, thus, impair performance for several 
weeks, although they are considered harmless. In 
this case, the main aim is to rule out the presence 
of more serious injuries. Therapeutically, relief can 
be achieved immediately after the accident by local 
cooling and in later phases through heat therapy and 
massages (e.g., through fascial rolls) as well as func-

tional physiotherapy. Ointments that promote blood 
circulation also have a positive effect. To prevent 
strains of the back, sufficient warming-up should be 
ensured before starting the high-performance part of 
the sport.

12.1.2  Fractures of the Spinous or 
Transverse Process

Isolated spinous and transverse process fractures 
are a rarity. There are reports of rarely seen clay 
shoveler’s fractures through sudden flexion force 
on the back and neck muscles [9]. Still, the major-
ity of these fractures occur in direct impact trauma 
(ground fall or wall collision) or due to hyper-
flexion of the spine. More often, they occur in 
combination with other spinal column injuries. 
Therefore, if a spinal or transverse process frac-
ture occurs in isolation, the presence of a second, 
previously overlooked spinal column injury must 
always be considered and searched for. In the case 
of frustrating conventional X-ray diagnostics, this 
can also be carried out with cross- sectional imag-
ing. In the final analysis, MRI should be adminis-
tered to exclude a ligamental injury.

The isolated spinal or transverse process frac-
ture is a domain of conservative therapy. The 
leading symptom is pain, accompanied by swell-
ing and, sometimes, hematoma. Immobilization 
is hardly possible because the pain is triggered 
by activation of the inserting muscles and their 
traction or by movement of the attached ribs. 
Therefore, sufficient pain therapy is absolutely 
necessary.

12.1.3  Hyperextension Fractures 
and Injuries

Hyperextension injuries are rare but highly severe 
injuries of the spine. They occur either in the 
thoracolumbar transition or in the cervical spine. 
Such injuries can occur when a climber falls into 
the rope at an unexpected moment, from an unfa-
vorable body position, or when the body tension is 
low. In these cases, a tight pull of the rope by the 
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belayer results in a strong pull on the belay loop 
and, thus, a quasi-fixation of the pelvis and the 
lower lumbar spine. The upper body bends above 
the fixation, which leads to a frontal tearing and a 
rear compression of the spine. The injury can be 
purely ligamentous and transdiscal or completely 
or partially osseous. It is often accompanied by 
neurological deficits and usually associated with 
paraplegia. These unstable injuries require surgi-
cal treatment by ventral or dorsal stabilization. If 
there is also a sensorimotor deficit, this injury is an 
emergency, requiring immediate surgery.

As a purely ligamentous injury, hyperex-
tension injuries can easily be overlooked in 
 conventional X-rays. If the clinical symptoms 
and the mechanism of the accident show evi-
dence for the suspicion of such an injury, cross-
sectional imaging is always indicated.

Climbers with preexisting conditions such as 
ankylosing spondylitis or DISH (diffuse idio-
pathic skeletal hyperostosis) have an increased 
risk of suffering such an injury during a rope fall 
due to the reduced flexibility of the spine.

12.1.4  Compression and Burst 
Fractures

Compression and burst fractures occur as a result 
of climbing accidents with a ground fall or wall 
collision. Biomechanically, a distinction can be 
made between direct impact (floor or wall) and 
spinal compression or shearing. Torsion fractures, 
as they occur in high-speed traumas (e.g., traffic 
accidents), are an absolute exception. Clinically, 
patients with compression and burst fractures 
present with pain, swelling, hematoma, and, in 
severe cases, neurological deficits. Conventional 
X-ray diagnostics are usually followed by cross-
sectional imaging (CT/MRI). For falls from a 
height of more than 3 m, cross- sectional imaging 
is always indicated (Fig. 12.1).

Conservative treatment can be administered 
for pure compression fractures without disloca-
tion of the posterior vertebral body edge with a 
height reduction of less than 50% of the vertebral 
body and segmental kyphosis of less than 20%. 

These are considered to be stable fractures. X-ray 
monitoring after 4–8  days and adequate pain 
therapy should be performed [10].

Compression fractures with posterior ver-
tebral body edge dislocation, more than 50% 
height reduction of the vertebral body, or more 
than 20% segmental kyphosis are surgically 
addressed (Fig. 12.2). The same applies to burst 
fractures and all fractures with additional sen-
sorimotor deficits. In the case of incomplete or 
complete paraplegia, this is a surgical emer-
gency [10].

In the case of an isolated injury to a vertebral 
body, dorsal stabilization with a small-segment 
fixation is indicated. In this case, stabilization 
is performed in the vertebral body above and 
below the injured vertebra. If fractures occur in 
the thoracolumbar transition with distraction or 
torsion, two segments are used for stabilization 
(Figs. 12.3 and 12.4). If there is also a destruction 
of the intervertebral disc, ventral stabilization 
with the insertion of a bone graft or a vertebral 
body replacement is required.

Fig. 12.1 Sagittal CT scan of a C7 burst fracture in a 
30-year-old male climber before surgery

12 The Spine
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Traumatic Spine Injuries
• History: Ground fall or wall collision, rarely 

rope fall or twisting motion
• Onset: Acute
• Clinical: Pain, swelling, hematoma, defor-

mity, crepitations, sensorimotor deficit
• Diagnostic: Clinical finding, radiography, 

X-ray functional images, CT/MRI
• Therapy: In accordance with orthopedic 

trauma guidelines
• Outcome: Depending on the diagnosis, often 

bad with a primary sensorimotor deficiency

12.2  Chronic and Degenerative 
Back Diseases

The entire range of chronic and degenerative spi-
nal diseases can be found among sport climbers 
as in the normal population—from easily treat-
able muscular tension, lumbalgia, and sciatica to 
conditions which are more difficult to treat, such 
as herniated discs and spondylolisthesis.

Even though there are still too few compara-
tive and reliable studies, it can be stated that sport 
climbing in general is a good training for the back 
[2, 4, 11]. The preventive value of sport climb-
ing is shown in studies [12], as well as the fact 
that sport climbing has already been incorporated 
in rehabilitation and physiotherapy for a long 
time. Nevertheless, climbing without additional 
stretching and balancing exercises is a one- sided 
load that can manifest bad posture and associated 
suffering.

Special forms of chronic back problems in 
climbers are the “climber’s back” [3] and the 
“belayer’s neck” [5]. These are false postures 
developed by chronic overuse, uniform stress, 
and the biomechanical requirements of the 
climbing sport, which can lead to severe pain and 
degenerative changes in the spine.

Fig. 12.3 Radiographic image of a Th12 compression 
fracture in a 26-year-old male climber due to ground fall, 
before surgery

Fig. 12.2 Radiographic image postoperative of the same 
patient after surgery with a ventral plate stabilization 
C6–Th1

J. Liße and V. Schöffl



177

It is not yet known how much damage is 
caused to the spine by the repetitive falls sport 
climbers take. It seems possible that the chronic 
microtrauma these falls create for the interverte-
bral discs could lead to early degeneration. This 
would be hard to prove, because most climbers 
who suffer from nucleus pulposus prolapse (a 
herniated disc) don’t report it happening in a fall 
but when executing some sort of twisting motion.

12.2.1  Myalgia and Myogelosis

While myalgia simply describes the symptom of 
muscle pain which can occur in conjunction with 
many various diseases, myogelosis are palpable 
knots in muscles, which persist even when the 

muscle returns to relaxation (e.g., in narcosis). 
This is the main difference to a simple muscular 
tension. The symptoms of myogelosis are palpa-
ble knots within the muscle, a tenderness to pres-
sure, and muscle tightness. Histological findings 
showed atrophic muscle fibers and a thinning of 
the endomysium in these muscular knots, which 
is known to be a consequence of malfunctional 
metabolism through poor blood flow. Often 
through misuse or overuse of the back, the mus-
cles become strained, a process which repeats 
itself in a vicious cycle. The muscles seize up 
from overuse and then, due to the stress of being 
flexed, receive poor blood flow. Lacking good 
nutrition, the muscle has to work a bit harder for 
any motion, increasing the tension and further 
decreasing the blood flow. This condition is espe-
cially common in the neck and shoulder area but 
also known for the lumbar spine. Until the mus-
cles relax and receive blood flow and therefore 
a chance to recover, they will be stiff. A muscle 
that is too tight does not receive the appropriate 
amount of blood flow, which, in turn, allows the 
acids that are created during exercise to build 
up in the muscle body. Myogelosis can be pain-
ful and inhibit a climber’s ability. If the condi-
tion is not treated as soon as possible, it can scar 
the muscle permanently. Through heating, mas-
saging, and stretching the muscle, the excessive 
tightness can often be worked out and the blood 
flow can be stimulated. To prevent myogelosis 
from occurring during periods of intense training, 
it is important that climbers warm up correctly 
and then go through a “cooldown” period at the 
end of each workout [13].

12.2.2  Lumbago

The term lumbago subsumes a broad range of 
painful symptoms, leading to reduction in the 
mobility of the lumbar vertebrae, or lower spine. 
Most cases are harmless and easy to treat, but 
some rare back diseases can appear initially with 
lower back pain. Climbers experience lower back 
pain and reduction of mobility due to overuse and 
false postures or excessive training. This can also 
be the initial symptom of a “climber’s back” [3].

Fig. 12.4 Radiographic image of the same patient after 
surgery with short-segment posterior fixation Th11–L1 
and accomplishment with anterior lumbar corpectomy via 
a mini-open, extreme lateral, transpsoas approach
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For diagnosis, a clinical examination by an 
experienced physician might be enough, and 
radiography or cross-sectional imaging may 
not be required. Pathologies such as ankylosing 
spondylitis, Scheuermann’s disease, disc hernia-
tions, kissing spine, spinal stenosis, scoliosis, and 
spondylolisthesis/spondylolysis must be ruled 
out when symptoms persist and present therapy- 
refractory. Therapy consists of mobility support-
ing physical therapy, heat therapy, and analgetic 
therapy.

12.2.3  Blocking of Facet Joints 
and Rip Joints

Many climbers report a blocking of joints, which 
frequently occurs and has a high tendency of 
reoccurrence. These blockings must be distin-
guished from joint dislocations [5]. To clarify 
this, a blocked joint is not actually a dislocated 
joint; this is only seen in trauma. Additionally, 
neither the small intervertebral joints nor the rib 
joints physically dislocate; the blockages are 
minor “dislocations” or shifts, which cannot 
be shown in cross-sectional imaging like CT or 
MRI scans. Increased stress to the chest spine, 
false postures, or sudden torsional movements 
can lead to stress onto the small intervertebral 
joints (facet joints). High stress to these facet 
joints leads to minor shifts, which stress their 
joint capsule and ligaments. Nevertheless, there 
is constant activation of these joints, leading to 
pain, discomfort, muscular tension, and some-
times even a decreased range of motion in parts 
of the spine. These symptoms might result in 
inflammation. The upper to middle thoracal ver-
tebrae are affected the most. During climbing, 
the rhomboid muscles work hard to stabilize 
the scapula. If these muscles get weak and are 
no longer capable of stabilizing the scapula, it 
leads to the phenomenon of the “chicken wing-
ing” or “scapular winging” experienced by 
climbers during hard climbing sections. With 
the major and minor rhomboid muscle finding 
their insertions on the lower cervical and upper 
thoracic spine, this could also lead to the block-
ing of joints [5].

The increased kyphosis of a “climber’s back” 
might predispose a climber to frequent block-
ages of the intervertebral joints, resulting in a 
decreased range of motion in certain parts of the 
spine. A proper clinical examination can differ-
entiate between blockages, nerve compressions, 
and herniations. If a herniation or nerve compres-
sion has been excluded, therapy can be initiated. 
In early stages, a simple chiropractic maneuver 
can provide complete pain relief. Some patients 
report giving themselves the treatment, e.g., with 
two tennis balls or Blackroll® balls. If the block-
age is already accompanied by muscular tension 
or inflammation, massages, heat therapy, and 
physiotherapy can help to ease the muscular ten-
sion. Often, spontaneous relief of the blockage 
occurs when the muscle tension is gone.

A similar pathology applies for the adjunct 
rib joints, meaning the proximal attachments of 
the ribs to the vertebra. A minor change of the 
positioning of the vertebrae together with the 
increased tension of the muscles leads to similar 
blockages of the rib joints. These blockings can 
be even more painful while breathing, as these 
joints move with every inhalation and exhalation. 
If these problems persist for a long time, they will 
lead to even more muscular tension and relieving 
postures.

12.2.4  Herniated Disc or Nucleus 
Pulposus Prolapsus

A herniated disc is more common in the lower 
back than in the mid back or the neck. The over-
all incidence is high. Intervertebral disc surgery 
is the most frequently performed spine surgery. 
Between each vertebra, there are shock absorbers 
that allow the spine to move but stay connected. 
These shock absorbers, the discs, are made up of 
a nucleus of thick liquid surrounded by an annu-
lar fibrous ring. A nucleus pulposus prolapsus 
occurs when pressure on the disc creates a bulge 
in the fibrous ring. This bulge can then put pres-
sure on the nerve that branches out of the spine 
or on the spine itself. As previously mentioned, it 
is difficult to distinguish whether there has been 
a predisposition and a damage to the spine before 
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or if a certain activity (such as climbing) caused 
the prolapse. It is still not known how much 
damage is caused to the spine by the repetitive 
falls sport climbers take. It seems possible that 
the chronic microtrauma these falls cause to the 
intervertebral discs could lead to early degenera-
tion. This would be hard to prove, because most 
climbers who suffer from nucleus pulposus pro-
lapse (a herniated disc) don’t report it happening 
in a fall but when doing some sort of twisting 
motion [14]. The classification differs between 
protrusion, prolapse, and a free sequestered disc. 
This results in typical symptoms causing pain, 
numbness, or weakness in according muscles. 
The key to a correct diagnosis is to relate the 
clinical findings (diminished reflexes, motor defi-
ciency and lack/loss of sensibility) to the cross-
sectional imaging findings (Fig. 12.5). If there is 
no congruence between clinical symptoms and 
MRI imaging, other pathologies (such as shin-
gles neuralgia, multiple sclerosis, or peripheral 
nerve lesions) have to be considered. It is impor-
tant to remember that many disc protrusions and 
even prolapses are completely asymptomatic. We 
have seen a lot of disc prolapses and protrusions 
as incidental findings on MRI scans in patients 

who came complaining of other problems. Most 
cases (up to 90% of the lumbar disc herniations) 
respond well to conservative treatment. Analgetic 
therapy, physical therapy, and nerve root and epi-
dural infiltration (steroids and local anesthetic) 
alleviate the patients’ suffering. In severe cases 
with paralysis or persistent pain, surgery is 
inevitable.

12.2.5  Spondylolisthesis/
Spondylolysis

There is a rare condition known as spondylolis-
thesis, or “sliding vertebra,” which can be due 
to a birth defect, such as a dysplastic type, or 
mechanical overuse from athletics (e.g., in wres-
tlers, gymnasts, contortionists, football play-
ers, and climbers) [10]. Sports with causative 
mechanisms, such as lumbar hyperextension and 
rotation found in rowing, artistic gymnastics, 
and throwing sports, record high spondylolysis 
prevalence rates—16.88%, 16.96%, and 26.67%, 
respectively, compared to the general popula-
tion’s 3.0–8.02% [15]. Climbing also involves 
these causative mechanisms, and reports suggest 
that climbing may initiate the development of 
spondylolysis, but its prevalence has not yet been 
investigated [5]. Spondylolisthesis describes the 
condition of a ventral or dorsal shift of two ver-
tebral bodies against each other, whereas spon-
dylolysis describes the interruption of the pars 
interarticularis of the vertebral body. There is a 
genetic predisposition to dysplastic type of spon-
dylolisthesis, which can also occur at the end of 
multi-segmental vertebral body fusions (after 
surgery) or as a consequence of Scheuermann’s 
disease. Patients suffer from lumbar pain during 
movement, especially reclination; there may also 
be radiculopathy. Diagnosis is made by functional 
X-ray in extension and flexion to detect segmen-
tal hypermobility (Fig.  12.6). Cross- sectional 
imaging like CT and MRI can display the inter-
ruption of the pars interarticularis of the verte-
bral body (Fig. 12.7). In severe cases, surgery as 
a small-segment instrumentation is necessary. 
For climbers diagnosed with spondylolisthesis 
graded Meyerding I and II but not suffering from 

Fig. 12.5 Sagittal MRI T2 TSE scan of a 42-year-old 
male climber showing a L2–L3 disc herniation with a 
sequestrum
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any symptoms, we recommend X-ray controls in 
an annual interval. For these climbers, it is not 
necessary to stop climbing.

12.2.6  Thoracic Outlet Syndrome

Excessive tension of a shortened pectoralis minor 
muscle or scalene muscle can lead to an entrap-
ment of the nerves and blood vessel which run 
into the arm. Though rare, thoracic outlet syn-
drome is a nerve or blood vessel compression 
syndrome that affects the shoulder and arm. 
Overdevelopment and tightening of the small 
chest muscles and the scalene muscles (in the 
neck) can put pressure on the brachial plexus or/
and subclavian artery [16]. Swelling of muscles 
after stress, overstretching, or anatomic abnor-

malities might be the reasons for this syndrome; 
for example, people with an extra rib in their 
upper body can also suffer from this syndrome. 
If the artery is compressed, paleness and cold 
skin are symptoms due to reduced blood flow. 
Compression of the nerve might lead to diffused 
pain in the arms, numbness, or a heavy sensa-
tion of the hands and lower arms. The condi-
tion is most noticeable when the arms are raised 
above the head. The symptoms vary according to 
whether the muscles are placing pressure on the 
nerves or the blood vessels. The syndrome can be 
diagnosed with the Adson test in a clinical exami-
nation or provocation duplex sonography.

Intensive physical therapy such as stretching 
the pectoralis and scalene muscles and the tho-
racic spine can often reduce the pain. Surgery is 
only necessary in very severe cases.

Fig. 12.7 MRI STIR sequence scans of the same boy 
show the spondylolysis in the pars interarticularis L5/S1 
graded Meyerding I

Fig. 12.6 Radiographic image of a young male climber 
(9 years old) with a congenital spondylolisthesis/spondy-
lolysis L5/S1 graded Meyerding II
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Thoracic Outlet Syndrome
• History: Congenital (additional rib), overuse, 

muscular disbalance
• Onset: Chronic
• Clinical: Pain in the arms, numbness
• Diagnostic: Clinical findings, Adson test, 

provocation duplex sonography
• Therapy: Conservative—stretching and bal-

ancing exercises, surgery in severe cases only
• Outcome: Good

12.2.7  Climber’s Back

“Climber’s back” is characterized by anterior 
positioned shoulders and a “humpback” spine. 
The presentation of this postural adaptation is 
a combination of hyperkyphosis of the thoracal 
spine and a hyperlordosis of the lumbar spine, as 
well as a recurvated body hiatus [5, 17], which is 
similar to “swimmer’s back” [18, 19]. The origin 
of these spinal postural dysfunctions is probably 
a functional adaptation of the form of the spine 
designed to meet the sport-specific biomechani-
cal stresses of the sport [20, 21]. It is thought 
that shortened pectoralis muscles are one of the 
main factors leading to this spinal postural dys-
function [17, 22]. Our studies showed [3] that the 
climbing ability level was strongly correlated to 
the postural adaptations found frequently in elite 
male climbers who climb routes graded UIAA 10 
or above. Given the greater differences of both 
the kyphosis and lordosis angles between a sport 
climbers group and a recreational climbers group 
(control group) in our study, it is suggested that 
an even greater difference between performance- 
oriented climbers and a normal population is 
likely. We only examined male climbers in our 
study. In female climbers, there seem to be differ-
ent postural adaptions to climbing; this might be 
due to their different muscle morphology as well 
as their different climbing technique [22].

Although sport climbing has been used in 
physical therapy for back disorders and rehabili-
tation as well as physiotherapy for scoliosis [23, 

24], excessive training and/or the neglect of com-
pensatory exercises may lead to the development 
of “climber’s back.” The functional adaptation 
of the thoracolumbar spine to specific sporting 
exposure is not a performance precursory vari-
ance of the norm but has a latent disease poten-
tial, especially during the growth period [19, 25, 
26]. The biomechanical adaptations to intensive 
climbing that can result in a “climber’s back” 
may cause an aberrant erect posture but may be 
an essential adaptation to facilitate elite climb-
ing kinetics. Nevertheless, we think that this 
adaptation to the specific postural requirements 
of higher-grade climbing is not advantageous or 
a necessary prerequisite of elite climbing kinet-
ics; we feel that it is a precursor to the associated 
health conditions brought on by the development 
of thoracic outlet/inlet syndrome or early joint 
disorders due to the increased stress onto the pars 
interarticularis of the spine [21]. Therefore, it 
is not only to be seen as a physiological adap-
tation of the specific postural requirements of 
intensive climbing but also as a pathological 
finding, which demands compensatory training 
and exercise, especially in adolescent athletes 
(Fig. 12.8). A difference in the length of the legs 
(a trait most people unknowingly have) and con-
genital problems (like scoliosis) can contribute 
to false posture. Climbers developing thoracal 
hyperkyphosis, lumbar hyperlordosis, and ante-
rior positioned shoulders as well as shortened 
pectoralis muscles might experience back or 
shoulder pain, reduced mobility, and sometimes 
even radiculopathy. In clinical examination, an 
appearance of the characteristically posture with 
thoracal hyperkyphosis and lumbar hyperlordo-
sis should lead to examination of shortening of 
pectoralis muscles (e.g., using protocol given 
by Janda). Preventative stretching exercises (for 
pectoralis and iliopsoas muscles) should be rec-
ommended to the athletes. Here, we refer to our 
ACT (Adjunct Compensatory Training for Rock 
Climbers, www.act.clinic), which provides exer-
cises for stretching and balancing the spine and 
core musculature.

12 The Spine
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12.2.8  “Belayer’s Neck” and Cervical 
Spine Syndrome

Cervical spine syndrome or cervical pain syn-
drome is a well-known and widespread set of 
symptoms. The “belayer’s neck” is a postural 
adaption to the constant overextension the cervical 
spine experiences in hours of belaying and climb-
ing. This could be worsened by the increased tho-
racic kyphosis from a “climber’s back,” leading 
to a compensatory overextension of the cervical 
spine. In combination with shortened pectoralis 
muscles, this brings high stress onto the cervical 
spine. This can become a problem while belay-
ing long and steep routes and spending a lot of 
time belaying and climbing. Due to the increased 
overextension of the cervical spine, high pressure 
is applied to the small intervertebral joints. This 
irritates the joint cartilage and joint capsule. As a 

protective mechanism, the paravertebral muscles 
raise their tension to protect the spine, resulting 
in cervical spine syndrome-like symptoms. Even 
though many climbers and belayers suffer from 
these symptoms, there is almost no scientific 
work on the consequences and circumstances 
of “belayer’s neck.” The range of symptoms 
includes neck and back pain, headaches, or even 
paresthesia and hypesthesia (prickling sensation 
and numbness), as well as impaired vision and 
ringing in the ears. A proper clinical examination 
(e.g., Spurling test) by a physician can exclude 
more serious pathologies, such as herniated 
discs or nerve root compression and can lead to 
diagnosis. In doubt, MRI can provide diagnosis, 
whereas conventional radiography is obsolete. 
The therapeutic regimen covers analgetic, mas-
sage, and physical therapy as well as local infil-
tration and muscle relaxant medication.

For prevention purposes, prism glasses are 
available for purchase, e.g., CU belay glasses®, 
LACD belay glasses®, or Y&Y glasses®, which 
can be highly recommended for people with cer-
vical spine problems (Fig. 12.9). Through mirror-
ing prisms, the belayer can have an image of the 
climber without keeping his head in an upright 
and overextended position (Fig.  12.10). Using 
prism glasses requires initial training and requires 
some time for adjustment, which is why we rec-
ommend starting to belay with prism glasses in 
top rope climbing.

Climber’s Back and Belayer’s Neck
• History: Overuse, bad postures, and func-

tional adaptation to sport-specific stress
• Onset: Chronic
• Clinical: Lumbar or cervical spine pain, typi-

cal humpback, shortened pectoralis, and ilio-
psoas muscle

• Diagnostic: Clinical findings, typical hump-
back with hyperkyphosis of the thoracal and a 
hyperlordosis of the lumbar spine

• Therapy: Conservative—stretching and bal-
ancing exercises, prism glasses (belayer’s neck)

• Outcome: Good, although can become 
chronic with degenerative injuries

Fig. 12.8 Typical climber posture (climber’s back): over-
extension of the vertebral spine and a concave chest. An 
elite climber displaying the hyperkyphosis and hyperlor-
dosis characteristic of a “climber’s back” (reprinted with 
permission)
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13.1  Introduction

The connection between rock climbing and 
degenerative arthritis of the finger joint has been 
debated and investigated by various authors [1–
4]. Our analysis includes an overview of data and 
patients spanning approximately 30  years [5]. 
Some have ended their sporting careers over the 
years; others—some of them over 60—are still 
more or less active in their sport. The risk of 
polyarthritis of the finger joints can be well 
assessed on the basis of these cases. There is cer-
tainly a correlation between the number of years 
of climbing, the level of climbing, and a higher 
incidence of osteoarthrotic changes in the finger 
joints [1, 2, 5–10]. In addition to radiographic 
examinations, however, the symptoms and clini-
cal signs are also decisive for a further prognosis 
for the climber.

13.1.1  Clinical Findings

Pain in the area of the middle and, to a lesser 
extent, in the end joints of the fingers is a com-
mon problem faced by sports climbers. These 
complaints mostly occur after intensive training 
or climbing periods. Climbers report load- 
dependent pain but also pain at rest, sometimes 
with a dull sensation of swelling [1, 11]. At times, 
the finger middle joints (PIP) can no longer be 
fully extended and show an extension deficit of 
5–15°. Climbers also often describe a loss of fine 
motor skills [12–14]. In the morning, an unpleas-
ant stiffness of the joints becomes noticeable, 
which usually improves after a few movement 
exercises. At the end joints, an adaptive thicken-
ing of the joints often becomes apparent, some-
times with small “nodules” as is also known from 
the osteoarthritis of the DIP joint (Heberden’s 
osteoarthritis). Nevertheless, the underlying 
pathology of Heberden’s osteoarthritis is differ-
ent. During the examination, in addition to a 
slightly spindle-shaped thickening of the middle 
joints, elastic joint effusions and slight instabili-
ties of the radial and ulnar ligaments at the PIP 
joints can sometimes be found. The frequently 

found slight instability is usually caused by the 
joint effusions.

Pain in the dorsal part of the PIP joint requires 
special attention. Pressure pain combined with 
painful movement restrictions and a snap phe-
nomenon at the beginning of flexion is sometimes 
experienced by older climbers.

Noticeable radial or ulnar instabilities—as 
known in severe osteoarthritis of the DIP joint—
are extremely rare. The metacarpophalangeal 
(MCP) joints of the fingers are clinically and 
radiologically rarely affected. Only a radio-
graphic examination can confirm the diagnosis of 
arthrosis of the PIP or DIP joints and thus differ-
entiate between inflammation of the capsule or 
joint effusions.

13.2  Adaptive Osseous Reactions

In the analysis of radiographic images of sport 
climbers, it is important to separate bony adaptive 
reactions from degenerative changes in the joints 
[15] (Table  13.1). This distinction is not always 
easy and requires precise radiological diagnostics. 
Schöffl et al. [15, 16] used the following protocol 
to distinguish between adaptive osseous reactions 
and osteoarthrotic findings (Table  13.1). In con-
trast to the scale of Kellgren and Lawrence [17], 
subchondral sclerosis was added to the group of 
physiologic, adaptive stress reactions and was not 
defined as osteoarthritis [8, 15]. Furthermore, 
osteoarthrosis was diagnosed if a Kellgren and 
Lawrence grade ≥ 2 was present [2, 6, 8, 15]. Prior 
studies showed that reactions such as cortical 
hypertrophy and subchondral sclerosis in the fin-
gers could be adaptive signs of high stress in 
climbing and could not be attributed to pathologic 
osteoarthritic changes [14, 18, 19]. The visual 
guidelines given in the Atlas of Standard 
Radiographs [20] were used for comparison with 
normal radiograph results [2, 6, 8, 15].

One of the most frequent adaptive reactions—
which can often be seen clinically—is an enlarge-
ment of the joint outlines (Fig. 13.1).

In about 45% of climbers, this broadening of 
the joint base and surrounding connective tissue 
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is already visible after 5–10 years [14, 16]. The 
widening of the joint surfaces should not be con-
fused with osteophytic structures, which show a 
different radiographic picture. The intensity of 
the osseous reactions correlates with the number 
of active climbing years and intensity of the 
sport; they become increasingly pronounced with 
increasing duration and intensity [5, 8]. However, 
the first signs of adaptations can already be 
observed after about 3 years of intensive climb-
ing. A study of athletes of the German National 
Climbing Team from 1999 to 2004 [15] showed 
interesting findings. Young athletes on the 
German Junior Climbing Team (GJNT), starting 
at an average age of 14  years, were compared 
with a control group over 5 years and again after 
11 years. Stress reactions and adaptation symp-
toms of the skeleton were already found in about 
30% at the beginning of the longitudinal study 

[15]. In both the GJNT and the group of recre-
ational climbers (RC), one case with an epiphy-
seal growth plate fracture was detected in each 
group. These were classified as early osteoar-
throtic findings, nevertheless both had healed 
without any further damage in later controls [16]. 
Thus, they do not stand out as osteoarthrotic 
cases in the longitudinal analysis (Table  13.2). 
Slightly increased subchondral sclerosis of the 
cortical bone close to the joint or cortical thicken-
ing of the middle phalanges are seen frequently 
(Fig. 13.2). In addition, ossification of the tendon 
insertions (profundus and superficialis tendon) 
occur frequently in long-term climbers 
(Fig. 13.3).

Table 13.1 Protocol for radiographic evaluation

Protocol for radiographic evaluation  
(Schöffl et al. [8, 9, 15])
Finding Definition
Cortical hypertrophy Visible cortical 

hypertrophy at the middle 
point of the phalanx; 
length in AP view or 
biconvex cortical 
hypertrophy in lateral view

Subchondral sclerosis, 
increased thickness of 
epiphysis

Stress reaction in 
contradiction to Kellgren- 
Lawrence scale

Calcification of insertion 
of flexor digitorum 
superficialis or flexor 
digitorum profundus 
tendon

Visible calcification

Broadened proximal 
interphalangeal joint 
base

Increased radius of lateral 
or medial base of phalanx

Broadened distal 
interphalangeal joint 
base

Increased radius of lateral 
or medial base of phalanx

Early osteoarthritic 
reaction

Kellgren and Lawrence 
grade ≥ 2 (note: 
subchondral sclerosis 
defined as adaptive stress 
reaction) or epiphyseal 
fracture

Fig. 13.1 A 48-year-old climber: climbing time over 
30 years. Widening of the joint bases at the DIP and PIP 
joint (red arrow). Also, small mini-osteophyte at the PIP 
joint
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13.3  Long-Term Damage

Whether rock climbing leads to degenerative 
arthritis of the finger joint has been debated and 
already investigated by various authors [1–5]. 
Radiographic adaptations and changes in long- 
term adult climbers are a well-known fact, and a 
positive correlation to their years of climbing has 
been shown [1, 2, 5–8, 21–23]. Many authors 
described radiographic changes of finger joints of 
long-term climbers such as osteophytes, sub-
chondral sclerosis, and joint space narrowing [4]. 
Nevertheless, none of the previously mentioned 
authors could provide clear evidence of an 
increased rate of degenerative arthritis compared 
to an age-matched group of non-climbers [1–4]. 
Most of this research concerns adult long-term 
climbers (>5  years), whereas data on young 
climbers or the long-term effects of intensive 
climbing since childhood are still sparse [24].

For example, Rohrbough et al. [2] could not 
prove a significantly higher rate of osteoarthrosis 
among climbers than non-climbers. These find-
ings contradict a recent study by Allenspach et al. 

[6]. They compared 31 male sport climbers to 67 
non-climbers and found a significantly higher 
risk of osteoarthritis in the climbers (p < 0.001) 
[6]. While another study by Sylvester et  al. [3] 
could not prove a higher risk of osteoarthritis in 
climbers’ hands, it showed that climbers’ fingers 
have an increased diameter with additional bone 
deposited subperiosteally. Significant predictors 
include the highest level achieved in bouldering 
and sport climbing [3]. Bollen et  al. [1] and 
Hochholzer and Schöffl [5, 8, 21] found that 
28–39% of climbers with more than 15 years of 
climbing experience showed osteoarthritic find-
ings on radiographs. However, these were mostly 
minor degenerative changes such as so-called 
mini-osteophytes in the PIP or MCP joints with-
out any clinical relevance. Clear osteoarthroses 
could only be found in less than 10% of the 
climbers, whereas the climbers with condition 
after growth plate joint injuries stood out again 
(7%) (see Sect. 6.3.9). In contradiction to these 
radiographic findings, the respective climbers are 
sometimes surprisingly free of complaints [5] 
(Table 13.3).

Table 13.2 Radiographic changes of the German Junior National Team (GJNT), recreational climbers (RC), and the 
non-climbing control group (CG) (Schöffl et al. [15])

Number

GJNT RC CG
19 (m = 15, 
f = 4)

18 (m = 16, 
f = 2)

12 (m = 8, 
f = 2)

Stress reactions 9 (47%) 5 (28%) 0
Cortical hypertrophy 5 (26%) 2 (11%) 0
Subchondral sclerosis, increased thickness of epiphysis 9 (47%) 1 (6%) 0
Calcification of insertion of flex. sup. or flex. prof. tendon 0 0 0
Broadened joint base PIP 8 (42%) 5 (28%) 0
Broadened joint base DIP 3 (16%) 0 0
Early osteoarthrotic reactions 1 (5%) 1 (6%) 0
Osteophytes PIP 0 0 0
Osteophytes DIP 0 0 0
Decreased jointspace 0 0 0
Subchondral cysts 0 0 0

0
Epiphyseal fractures (stress fractures) 1 1 0
Calculation
Barnett-Nordin index: (cortical thickness of the middle phalanx/
total osseous thickness of the middle phalanx (cortical and 
cancellous bone))

0.49 ± 0.05
(mean ± sd)

0.49 ± 0.07
(mean ± sd)

0.48 ± 0.08
(mean ± sd)

First number = n; second number = %; flex sup = M. flexor digitorum superficialis; flex prof = M. flexor digitorum 
profundus; PIP proximal interphalangeal joint, DIP distal interphalangeal joint
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Fig. 13.2 Lateral image of the ring finger of a male sport 
climber (age, 24 years; climbing time, 6 years). Distinct 
convex hypertrophy of the cortex leads to the narrowing of 
the medullary canal as an example of an adaptive reaction 
of the bone to the load during climbing

Fig. 13.3 Calcification of the tendon insertions of the 
superficialis, profundus, and extensor tendons in a climber 
after about 20 years of climbing

Table 13.3 Radiographic findings in 165 high-level climbers (second number in bracket in percent). The high number 
of osteoarthritic signs in climbers 5–10 years is due to epiphyseal fractures

Climbing years number
5–10
(n = 65)

>10
(n = 48)

>15
(n = 29)

>20
(n = 13)

No reaction 14 (22) 4 (8) 0 (0) 0 (0)
Stress reactions 51 (13) 44 (91) 29 (100) 13 (10)
Cortical hypertrophy 40 (37) 34 (70) 21 (72) 12 (92)
Subchondral sclerosis 28 (43) 27 (56) 23 (79) 12 (92)
Calcification of flexor tendons 12 (18) 16 (33) 8 (27) 7 (53)
Broadened joint base PIP 29 (45) 32 (66) 19 (65) 7 (53)
Broadened joint base DIP 37 (57) 37 (77) 26 (89) 8 (61)
Osteoarthrotic signs 11 (17) 20 (41) 18 (62) 4 (30)
Osteophytes PIP 3 (5) 11 (22) 17 (58) 4 (30)
Osteophytes DIP 0 (0) 4 (8) 4 (13) 4 (30)
Joint space narrowing 2 (3) 1 (2) 0 (0) 2 (15)
Incongruent joint space 6 (9) 1 (2) 0 (0) 3 (23)
Subchondral cystes 2 (3) 1 (2) 0 (0) 0 (0)

13 Long-Term Effects of Intensive Rock Climbing to the Hand and Fingers
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Periarticular calcifications are relatively com-
mon, especially in the area of the ulnar and radial 
collateral ligament of the PIP joint. However, 
they rarely correlate with true joint space narrow-
ing or other degenerative changes. They are usu-
ally due to poorly healed or unhealed injuries to 
the collateral ligaments. More often, however, the 
cause seems to be microinjuries of the capsule 
and ligaments in the PIP joint. When a “one fin-
ger pocket” is used in climbing, considerable tor-
sional stress occurs, which stretches the capsular 
ligament apparatus in the PIP joints and causes 
stress (Fig. 13.4).

An increasing number of small osteophytes 
have been found on the MCP, PIP, and DIP joints 
in athletes who have been climbing for more than 
10 years. These bone spurs are clearly visible in 
the a.p. image, mostly without changes in the 
 lateral image. Clinically, these mini-osteophyte 

formations did not show any symptoms or move-
ment restrictions (Fig. 13.5).

However, it is extremely important to not only 
take a.p. X-rays but also lateral X-ray images. 
This is where the most serious degenerative 
changes become apparent in long-term climbers 
(>10 years). In 2010, we were able to examine a 
total of 13 climbers who showed pronounced 
dorsal and, less frequently, palmar osteophyte 
formation in the PIP and DIP joints. These mostly 
dorsal osteophyte (bone spur) formations are also 
called “extensor hood syndrome” [22] (see Chap. 
6) (Table  13.4). Some of these climbers have 
impressive ossifications in the area of the capsule 
and extensor tendon apparatus. Clinically, a fre-
quent additional observation to pressure pain was 
a slipping phenomenon in the area of the dorsal 
extensor apparatus at the PIP joint. This phenom-
enon could be regularly triggered by movement. 
The fact that the dorsal extensor hood and cap-
sule are irritated in this case can be easily seen on 
the X-ray image. All of these climbers had a high 
climbing level and had already been climbing 
between 5 and 30 years (average 17.8 years); the 
average age was 32.5 years.

In addition to the dorsal and volar osteophytes, 
however, changes in the joint space were also evi-

Fig. 13.4 Periarticular calcifications of the capsule and 
ligaments of a 35-year-old climber

Fig. 13.5 An a.p. X-ray of the ring finger of a male 
climber of the PIP joint (age, 32  years; climbing time, 
12 years). Small osteophytes at the radial side of the PIP 
joint
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dent, less with clear narrowing than more fre-
quently with irregularities in the joint surfaces. 
After classification using the Kellgren-Lawrence 
classification, most of the changes in the score 
ranged between 2 and 4 (Fig. 13.6).

In contrast, fewer clinical complaints were 
reported at the DIP joint, despite the considerable 
formation of osteophytes. In all cases, there was 
a limitation of extension and flexion of up to 10°. 
These thickenings and swellings tend to be more 
painful for younger climbers, but the older climb-
ers have probably learned to adapt the load to the 
pain (Figs. 13.7 and 13.8).

The importance of lateral X-ray views are also 
supported by a recent study by Allenspach et al. 
[6]. They investigated the anterior-posterior and 
lateral radiographic views of the fingers in a 
group of 31 high-level Swiss sport climbers. The 
mean years of climbing was 20  years, and the 
mean of the highest reached redpoint sport climb-
ing level was 8b (UIAA 10) [6]. Almost all of the 
climbers had only little or no symptoms in the 
finger joints, but up to 84% showed osteophytes 

at the PIP-joints and up to 68% in the DIP-joints. 
According to the Kellgren and Lawrence score, 
six climbers (19%) had signs of an osteoarthritis 
(significant), whereas the age-matched non- 
climbing group had practically no signs of radio-

Table 13.4 Description of climbers with extensor hood syndrome (Schöffl et al. [22])

No. Side Finger Joint Age Climbing level Climbing years Kellgren score
1 Right Middle DIP 31 9.5 22 3
2 Right Middle PIP/DIP 44 10.3 30 4
3 Both Middle PIP 39 10.3 22 3 and 3
4 Both Middle PIP 42 10.3 21 3 and 4
5 Both Middle PIP 25 11.0 6 2 and 3
6 Both Ring PIP 37 11.3 17 2 and 2
7 Both Middle PIP 20 10.7 8 2 and 3
8 Right Middle DIP 33 10.0 23 3
9 Left Ring PIP 28 9.7 14 3
10 Right Middle DIP 43 10.3 18 3
11 Both Middle PIP 25 9.7 20 3 and 3
12 Both Middle PIP/DIP 55 9.0 30 3 and 4
13 Right Ring PIP 17 10.3 5 2

Climbing level UIAA metric, DIP distal interphalangeal joint; PIP proximal interphalangeal joint

Fig. 13.6 Lateral X-ray of a long-time climber with dor-
sal and palmar osteophytes

Fig. 13.7 Widening of the DIP joints of a 55-year-old 
climber. Clinical limitation of movement, minor 
complaints
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graphic changes in the finger joints. They 
observed that these bone spurs were best detected 
in the lateral radiographs [6]. These bone spurs 
can also be detected through ultrasound examina-
tion [25].

In comparison to known degenerative diseases 
of the hand (Bouchard’s and Heberden’s osteoar-
throsis), the absence of any inflammatory, 
destructive, or unstable joint changes is notice-
able in the climber patients. The visible radio-
graphic changes differ fundamentally from the 
images of known finger polyarthritis. There is 
also no climber known to us who has had to be 
fitted with a finger prosthesis.

In a recent study of the 11-year follow-up of 
our once young high-level climbers from the 
German Junior National Team, we found that 
one quarter of climbers who performed at a high 

level in their youth showed a “mild” form of 
 osteoarthritis (Kellgren II) at an age of less than 
30  years [16]. During follow-up, 40% of the 
subjects of the GJNT and 23% of the RC group 
complained of swollen finger joints in the morn-
ing. Nevertheless, in all cases except one, the 
swelling was reported without any accompanied 
pain. Training intensity in 1999 (p < 0.05) and 
body weight in 1999 were significant (p < 0.05) 
for the development of radiographic stress reac-
tions in 2011. Significant statistical influences 
for the development of early-onset osteoarthritis 
could be found for the overall sum of training 
years (p = 0.024), use of campus board training 
in 1999 (p  =  0.033), and climbing level 
(p = 0.030).

13.4  Exemplary Cases

Three individual, exemplary cases show how the 
finger joints of long-time sport climbers react to 
the strain.

Climber A, born in 1951, started climbing at 
the age of 14 and climbed at a high level for 
decades (UIAA 10th grade (higher 5.13 YDS)). 
He was one of the pioneers for the introduction of 
the UIAA 7th grade (5.10 YDS) of difficulty in 
the alpine area. Between 1984 and 1987, the 
climber underwent surgeries on both hands for 
carpal tunnel syndrome and ulnar tunnel syn-
drome. For many years, the climber suffered 
from painful swelling of the fingers and a 15–20° 
extension deficit of all of the middle finger joints. 
The climber’s semi-professional climbing career 
ended in 1994, when he was still suffering from 
significant pain and movement restrictions of the 
finger middle and end joints. In 1998, a radio-
graphic examination was carried out on both 
hands. The finger joints were largely free to move 
and no longer showed any extension deficit; the 
climber no longer suffered from pain at rest or 
during exertion for recreational climbing tours in 
the lower difficulty range. Overall, only minor 
“mini-osteophytes” were found, particularly in 
the middle joints, and no destruction or narrow-
ing of the joint space was found (Figs.  13.9, 
13.10, and 13.11).

Fig. 13.8 X-ray of the DIP of the same climber: signifi-
cant widening of the joint surfaces and small periarticular 
calcification
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Climber S, born in 1965, started climbing at 
the age of 15. Soon afterwards, the level of diffi-
culty of climbing increased to that of the top of 
the world with participation and achievements in 

World Championships and international competi-
tions. Climber S established sensational first 
ascents on all continents. There were no major 
injuries to the hand or fingers and small wounds 
had always healed well. After 30 years of climb-
ing, the X-rays of the hands are completely unre-
markable (Fig. 13.12).

Climber K, born in 1954, started climbing at 
the age of 14. For decades, he climbed sport 
climbing routes and alpine routes up to the lower 
10th UIAA grade (up to 5.13c) of difficulty and 
established many classic first ascents on all con-
tinents. In the course of his career, he sustained 
numerous injuries to fingers and hands, often 
including lengthy finger swellings, many of 
which probably did not heal properly. Climber K 

Fig. 13.9 Massively swollen middle finger joints at the 
time of active climbing

Fig. 13.10 MRI of the hands. The extension deficit in the 
PIP joints is clearly visible, as they are only partially 
depicted. Clearly hypertrophic small hand muscles, flexor 
tendons, and collateral ligaments. In the PIP joint, also 
minor effusion is evident. The MRI was performed in 
1988

Fig. 13.11 X-ray image showing small capsule calcifica-
tion in the DIP joint on the ring finger with significant 
widening of the end joint and less in the middle joint. 
Small, pointed osseous extension at the base joint. The 
joint spaces are wide and intact. X-rays were taken in 
1998
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trained with one-finger pockets and hanging 
exercises on small edges for many years 
(Fig. 13.13).

13.5  Causes and Therapy

Many studies have shown that intensive and long- 
lasting sporting activity lead to reactions of the 
soft tissues and bone [26]. Leal et al. [27] were 
the first to report radiographic abnormalities in 
the fingers and hands of rock climbers. Heuck 
et  al. [18] and Hochholzer et  al. [19] demon-
strated radiographic adaptations to the high stress 
of climbing using radiographic and MRI analy-
ses. They found an adaptive hypertrophy of the 
joint capsule in the PIP and DIP joints,  thickening 
of the collateral ligaments, cortical hypertrophy, 
and a hypertrophy of up to 50% of the flexor ten-

dons themselves. They also showed that certain 
reactions, such as cortical hypertrophy, could be 
adaptive signs of the high impact to the fingers in 
climbing and could not be attributed to patho-
logic osteoarthritic changes. Similar findings of 
connective tissue adaptations were lately also 
reported by Schreiber et al. [14]. These reactions 
are probably due to subperiosteal bone forma-
tion. Hahn et  al. [28] found an average 6% 
increase in cortical thickness and a 20% decrease 
in cancellous bone width in high-level sport 
climbers compared to a control group. Our study 
on young climbers of the German national climb-
ing team shows how fast these reactions occur. 
After only 3 years of intensive climbing training, 
we found first significant cortical thickening and 
widening of the joint surfaces [15].

No major development of osteoarthritis is to 
be expected in sports with cyclical movements 
[29]. On the other hand, axial loads and high- 
pressure peaks in the joints under unfavorable 
joint positions, such as those frequently encoun-
tered in climbing, are very stressful for the joints 
[26, 30, 31]. Osteoarthrotic conditions in long- 
term climbers are well-known, and several stud-
ies have shown that osteoarthrotic changes in the 
hands of rock climbers increase with the number 
of years and the level of climbing [1–3, 6, 8, 9, 
14, 28].

The development of finger polyarthrosis in 
sport climbers is certainly multifactorial and 
depends on many different exogenous and indi-
vidual genetic factors. The genetically deter-

Fig. 13.12 Hand a.p. at the age of 42 years. No degen-
erative changes. Slightly increased sclerosis of the joint 
surfaces with joint base widening

Fig. 13.13 PIP joint of a male climber (age, 54  years; 
climbing time, more than 30  years). The joint space is 
well preserved, even if it appears somewhat asymmetrical 
in the DIP joint and in the palmar part of the PIP joint. 
Noticeable large traction osteophytes at the PIP joint, 
which often irritate the extensor tendons and the capsule
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mined connective tissue structure and possible 
hypermobility influence the stress on joints and 
thus the development of osteoarthritis.

In the field of sports, the most common cause 
for the development of degenerative diseases is 
probably overloading with microinjuries. 
Epiphyseal fractures in young climbers can lead 
to an early onset of osteoarthritis [32–34].

The crimping finger position with hyperflex-
ion in the middle joint and a final extension in the 
DIP joint probably leads to microinjuries in the 
sensitive cartilage area [18]. There seems to be 
evidence that climbers show abnormal radio-
graphic findings that have been underestimated 
or unhealed overload reactions with joint swell-
ing. There may also be reason to discuss that 
some forms of training, such as unusually 
 intensive use of the smallest crimps and the cam-
pus board, are more likely to cause degenerative 
changes. Our recent longitudinal study on the 
onset of osteoarthritis in young rock climbers 
found significant statistical influences on the 
development of early-onset osteoarthritis from 
the overall sum of training years (p = 0.024), use 
of campus board training in 1999 (p = 0.033), and 
the climbing level (p = 0.030) [16]. One quarter 
of climbers who performed at a high level in their 
youth showed a “mild” form of osteoarthritis 
(Kellgren II), at ages of under 30. Following the 
training regimes of the climbers for more than 
10  years showed that intensive finger training 
(e.g., campus board training) can lead to early- 
onset osteoarthritis of the hand.

Therefore, the most sensible step to avoid 
degenerative changes of the finger joints seems to 
be the optimization of the load during training. 
This includes the avoidance of overstrain reac-
tions with swelling of the finger joints, sensible 
training schedules with conscious recovery 
phases, and the complete healing of injuries and 
overstrain reactions. Stressful forms of training 
involving with hanging exercises on very narrow 
crimps or intensive training on campus boards 
seem to increase the overload reactions of the fin-
ger joints.

After intensive training, it is certainly advis-
able to “post-treat” the finger joints, for example, 
with hand putty, small bags filled with sand, or 

acupressure rings. Concentric movements of the 
joints without force peaks promote blood circula-
tion and regeneration.

If complaints occur, the first measure should 
be a rest from climbing, must be taken until the 
complaints have subsided. The joint effusions of 
the PIP joints should always be taken and treated 
first. In addition to ice treatments of all kinds, 
topical anti-inflammatory ointments, short-term 
oral NSAID administration, and minimal injec-
tions of a corticoid with a corresponding break of 
2–3 weeks can result in improvement in therapy- 
resistant cases. Chondroitin and glucosamine 
seem to modulate the symptoms in the long term. 
In the case of symptomatic complaints of the 
extensor hood, a single targeted injection at the 
point of pain in the PIP joint with a highly diluted 
corticosteroid can often bring long-term improve-
ment. In few cases, surgical removal of the trac-
tion osteophytes was necessary, yielding mostly 
good results. Radial shockwave therapy and hand 
baths with anti-inflammatory sulfur solutions, as 
used in rheumatoid arthritis patients, also help.

In the overview of the X-rays, especially 
among climbers who have been practicing this 
sport for a long time (longer than 10 years), it is 
astonishing that there appear to be relatively few 
severe degenerative changes. Only a few climb-
ers were found to have slightly incongruent joint 
spaces at the PIP and DIP joints, without the joint 
space being massively narrowed. It is interesting 
to note that the clinical changes with movement 
restrictions often regressed after months to years, 
and the radiologically minor changes were clini-
cally insignificant.

Another interesting aspect is that some of the 
long-time high-level climbers display no degen-
erative changes at all. However, the extent to 
which a very early start with climbing in child-
hood or adolescence influences the onset of early 
finger arthrosis remains to be seen.

13.6  Summary

In summary, it can be said that many years of 
climbing in the high difficulty range leads to 
increased degenerative changes in the middle and 
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end joints of the fingers. This can be seen radio-
logically in about 30% of patients who have 
climbed for more than 15 years. Clinically, even 
very significant changes are surprisingly rarely 
accompanied by serious impairments. Individual 
factors, intensity of climbing, number of climb-
ing years, injuries, and the type of training meth-
ods seem to be decisive for the development of 
finger joint arthrosis.
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14.1  Significance of Climbing 
for the Early Child 
Development

Exercise plays a central role for the physical and 
mental development of children. Climbing repre-
sents an exceptionally adequate exercise modality as 
climbing promotes several developments at once.

First of all, climbing combines endurance 
with power [1]. On the one hand, climbing there-
fore influences the maximal functional capacity 
in children (VO2peak), a parameter, which has 
proven to be the best predictor for overall mortal-
ity and morbidity [2]. On the other hand, the fact 
that climbing is a sport in which the whole body 
is concerned, no muscle groups are at a disadvan-
tage. However, muscular disbalances need to be 
kept in mind (Fig. 14.1).

In addition to its power and endurance char-
acteristics, climbing demands a high amount of 
technical skills, balance, and coordination [3]. 
Especially, the motoric and cognitive promo-
tion represents a distinctiveness which adds 
many benefits to a child’s development. 
Interestingly, children know naturally how to 
move in the vertical environment. A lot of tech-
nical skills, like keeping one’s central weight 
below the holding hand or how to turn one’s 
body as to minimize the weight having to be 
supported, have to be laboriously learned by 
grown-ups, whereas children move correctly 
right from the start without ever being 
instructed. The movement engrams being 

learned during climbing can then improve 
locomotion in daily life. In a study investigat-
ing the effects of a climbing intervention in 
children with infantile cerebral palsy was able 
to show that children improved their general 
functional capacity within 3 weeks [4].

Finally the mental and psychological 
aspects of climbing need to be discussed. 
Climbing demands a high amount of responsi-
bility. The ability to judge real dangers and 
differentiate objective danger from irrational 
fear from falls is important and needs to be 
learned by the athlete [5] (Fig. 14.2). Whereas 
climbing has been deemed safe in several 
studies [6–8], certain precautions are neces-
sary, and children need to be made aware of 
the objective dangers of the sport. Route-
reading skills and a high demand on concen-
tration [9] are a further advantage for the 
mental development of children.

Overall, climbing needs to adapt to the cir-
cumstances and respective capabilities of each 
child. The physical-mental development of small 
children often develops in large steps rather than 

Fig. 14.1 Climbing advances the whole musculature
Fig. 14.2 Full concentration and responsibility already at 
an early age
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in a continuous pattern. Physical, mental, and 
educational changes have a greater impact on the 
behavior and competence of children than usu-
ally observed in adults. In a sport, where a high 
amount of individual responsibility, self- 
assessment, and motoric capabilities is impor-
tant, special attention must be paid to the 
development of each individual.

14.2  Specifics of Climbing 
with Children

The most important thing when climbing with 
children is safety. When climbing, the athlete 
places his/her life in the hands of another person, 
namely, the one holding the rope at the other end. 
This responsibility represents a special challenge 
for children but also teaches them a better com-
prehension of reality. Climbing, thus is the exact 
contrary of computer games, where actions per-
formed in the game world lead to no comprehen-
sible consequences for the child [10]. In order to 
learn from the climbing experience, children 
need to be able to assess themselves correctly and 
deduce the correct decisions. They need to learn 
to judge risks and act accordingly. This responsi-
bility needs to be introduced slowly and accord-
ing to their respective skills which need to be 
reevaluated constantly. Even skills the child had 
seemingly already acquired can change over the 
course of development and deteriorate. As an 
example, most children can understand that they 
shouldn’t be playing underneath bouldering 
adults around the age of 6 years. However, when 
surrounded by pears and in a stressful or exciting 
situation, the importance of such rules is easily 
forgotten. However, if the child is slowly intro-
duced to personal responsibility, a heightened 
self-esteem can be the result (Fig. 14.3).

The age, at which children can start belaying 
others has declined with the use of semi- 
automatic belaying devices. Under surveillance 
of adults with an added belay device, an 8-year- 
old child can, when adequately developed, belay 
another child of comparable weight in “top- 
rope.” Lead-belaying of a weight-comparable 
peer can be performed, dependent on mental 

development, at the age of 12 [11]. Again, con-
stant reevaluation of the skills of the concerned 
child is essential, always bearing in mind that 
regression of concentration can occur at any time.

With respect to the need for movement, we 
need to differentiate between children (up to 
14 years of age) and adolescents (14–18 years of 
age). Especially up to the 12th birthday, body per-
ception and movement knowledge should be in the 
center of the physical performance. Sometimes, it 
may be necessary to limit the movement compul-
sion in order to prevent one- sided strain or overuse 
syndromes. However, in most cases, children 
rarely perform exercises that cause pain or over-
use. Physically motivated adolescents are differ-
ent. Early disbalances and muscular contractions 
need to be observed early on and treated (s. below). 
It is difficult to give overall recommendations for 
certain age-groups as age does not always con-
form with development. Even though a team may 
consist of the same age- groups, their individual 
developments could differ over a wide range. This 

Fig. 14.3 Even children can take responsibility, but it is 
essential to follow safety guidelines. Responsible “spot-
ting” and crash pads are necessary
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is even more pronounced in mixed teams as girls 
tend to be ahead of boys in their mental and physi-
cal development by one and a half to 2  years. 
However, even within the same gender, there are 
substantial differences: a 15-year-old boy can still 
be on the developmental stage of puberty with 
open growth-plates and a body of a child with sub-
sequent coordination deficits as a consequence of 
“unharmonic growth.” Another adolescent of this 
age may be already bodily mature and experience 
none of these difficulties. The maturity can be 
determined using the skeletal age (X-ray of the 
hand for determining biological age). If there is 
concern regarding developmental delay, 
 endocrinological workup may be necessary. As 
restrictive energy intake is a cause for develop-
mental delay, a proper workup with respect to the 
diet and mental status of the athlete is essential. A 
good solution for following the development is 
keeping growth, weight, and BMI curves of each 
athlete over time.

14.3  Training with Children 
and Adolescents

Main principal when training with children and 
adolescents is a high fun aspect and keeping the 
training age-appropriate. There are no concerns 
about cardiopulmonary overuse to date [12]. Even 
though, the cardiopulmonary function of each 
child/adolescent needs to be checked at regular 
intervals (s. Chap. 19, Sportsmedical Supervision 
of Climbers), an optimal climbing- specific train-
ing sets the necessary foundations at the right 
moments. A sport-specific power- training should 
be postponed until the skeletal growth is com-
pleted and climbing-specific coordination is 
already well developed. Sport-specific power 
training with high intensities, like campus board-
ing, should be avoided when working with chil-
dren or adolescents [6]. As a consequence of a 
very high strength to body-weight ratio, such 
training is unnecessary and highly questionable 
for the athlete’s health. A study investigating the 
correlation between high-intensity campus board-
ing and the development of early arthrosis in the 
finger joints was able to prove movement con-

straints in finger extension [13]. Often, adolescents 
try to mimic the methods applied by high-level 
adult athletes, not knowing about the possible con-
sequences. Even though high-level athletes may 
be able to tolerate such training modalities, they 
could be detrimental to the undeveloped skeletal 
system of adolescents. During childhood and ado-
lescence, the main focus in training should there-
fore lie on learning motoric skills and improving 
movement coordination. When setting routes, the 
endurance aspect should be more pronounced than 
the ability to hold on to extremely small holds. The 
sensitive areas are the growth plates, the insertions 
of the tendons on the bone, and the relatively soft 
joint cartilage. Therefore, the most common inju-
ries are epiphyseal fractures and disturbances [14], 
especially at or around of the time of the pubertal 
growth spurt [15]. This injury is explained in detail 
in the chapter regarding finger injuries and was 
lately found more often in adolescents training for 
speed climbing [16]. In rare cases, we have 
observed osteonecrosis of other bones, such as the 
capitulum humeri (M. Panner) (Fig. 14.4.) or the 

Fig. 14.4 Osteonecrosis of the capitulum 
humeri—M. Panner in a 12-year-old climber
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metacarpalia. In these cases, it is difficult to be cer-
tain whether climbing itself was responsible for 
these rare cases or whether climbing only helped 
demask the pathology, and the cause is probably 
multifactorial. Special attention needs to be paid 
on the proper development of the spine in order to 
detect early rounding in the sense of a climbers 
back [17] or scoliosis. Functional “scapula alatae” 
can be observed regularly and most commonly 
correct themselves, whereas special caution is 
needed with respect to gliding vertebrae.

Another point that needs to be discussed when 
working with children in climbing is the proper 
choice of shoes. Even though adults have the ten-
dency to choose especially small and tight shoes, 
this does not work with children. Climbing shoes 
should never be too small or too tight as they 
could restrict bone growth (Figs. 14.5 and 14.6).

In addition to that, a climbing backpack has to 
be adapted to the child’s weight and height. Even 

though the school bag of many children may be 
exceptionally heavy and large, this does not mean 
they can carry the same amount in an alpine 
expedition. The weight of a climbing backpack 
should not surpass 10% of the child’s body- 
weight so as not to hinder the growing skeletal 
system [18] (Fig. 14.7).

14.4  Conclusion

Climbing represents a sport which is beneficial 
for the health and development of children and 
adolescents (Fig.  14.8). Besides training, the 
skeletal musculature also has a cardiopulmonary 
effect, though to a lesser extent. The intensity and 
volume of the training should be adapted to the 
biological age of each athlete. High-intensity 
training modalities with added weights should be 
avoided before the end of puberty.

Fig. 14.5 Climbing shoes in children should never be too 
tight. Pressure marks as seen in this 6-year-old must be 
avoided

Fig. 14.6 Stress fracture—osteonecrosis of the bunion of 
a 16-year-old climber
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15.1  Introduction

Physical activity has been established to be one 
of the most influential contributing factors to 
remaining healthy in later stages of life. While 
many population structures suffer from obesity, 
immobilization, and improper nutritional behav-
ior, many older adults are very active in sports, 
some even in the higher age ranges of the popula-
tion. Rock climbing is one of the sports that are 
well known to engage athletes on a life-long 
basis. The sport has proven to have health- 
promoting effects and an overall low injury haz-
ard in the past [1–4]. However, modern climbing 
and training methods have changed, and a wider 
spectrum of climbing-related injuries can now be 
detected [5]. Several studies on climbing injuries 
have been conducted in the past, focusing on 
injury grading and incidences as well as on diag-
nostic and treatment strategies [6]. However, 
injury surveillance studies for rock climbing 
injuries in older athletes are still rare [7]. 
Furthermore, the rapid increase of athletes in 
today’s generation of climbers aged between 20 
and 30 will likely lead to a wave of elder athletes 
in the future.

Available studies underlined the fact that over-
all climbing injury incidence is minor and that 
most injuries are of a minor grade [4, 6]. Acute 
injuries in climbing are related to a fall onto the 
lower leg or from performing a hard move and 
injuring the upper extremities [3, 8]. Beyond this, 
overuse injuries can result from permanent undue 
stress and overload, mainly to the upper extremi-

ties. Most climbing-related scientific studies tend 
to focus on sport-specific injuries such as flexor 
tendon pulley injuries, since these injuries occur 
the most frequently [6, 9]. Expecting a rising 
number of very active, older rock climbing ath-
letes due to the increase in popularity of climbing 
and bouldering, it is important to further analyze 
this patient collective [8].

15.2  Acute and Overuse Injuries

A recently published study investigated 198 
patients ≥35 years of age (150 [76%] male, 48 
[24%] female) with a total number of 275 inde-
pendent injuries caused by rock climbing or 
bouldering [10]. Among the 275 injuries, 187 
(68%) were overuse injuries and 88 (32%) were 
acute injuries. The percentage of bouldering in 
the climbing routine and training was stated by 
the athletes as 44.5 ± 6.6 (0–100). None of the 
athletes in the age group >65 years of age reported 
partaking bouldering on a regular basis. 
Representing 15% of all injuries, a finger pulley 
laceration (single or multiple pulley rupture) was 
the most frequent diagnosis, followed by finger 
joint capsulitis (12%), subacromial impingement 
(10%), and finger tenosynovitis (7%) (Table 15.1). 
With a ratio of three to one, a significantly higher 
rate of injured male climbers was found com-
pared to injured female climbers. Climbing levels 
and climbing experience were both significantly 
higher in males. Thereby, sex did not influence 
the severity of injury. These findings are in accor-

Table 15.1 Ten most frequent injuries in the older rock climbing athlete [10]

Injuries All (n = 275) Age 35–49 (n = 217) Age 50–64 (n = 54) Age ≥ 65 (n = 4)
Pulley injury 41 (15%) 33 (15%) 8 (15%) None
Capsulitis (finger) 34 (12%) 27 (12%) 6 (11%) 1 (25%)
Impingement (shoulder) 28 (10%) 19 (8%) 8 (15%) 1 (25%)
Tenosynovitis 20 (7%) 19 (8%) 1 (2%) None
SLAP tear 19 (6%) 17 (7%) 2 (4%) None
Epicondylitis 15 (6%) 13 (5%) 2 (4%) None
Osteoarthritis (finger) 12 (4%) 8 (4%) 4 (7%) None
Dupuytren disease 9 (3%) 6 (3%) 3 (6%) None
Strain finger joint capsule 9 (3%) 8 (4%) 1 (2%) None
Strain finger flexor tendon 8 (3%) 7 (3%) 1 (2%) None

SLAP superior labral tear from anterior to posterior
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dance with most other available data [3, 4, 9]. 
The average UIAA injury score was overall low 
(2.0 ± 0.3 [1–4]). None of the athletes suffered a 
UIAA grade 5 injury, and none of them died 
(UIAA 6). Climbing level (UIAA level, 
p  <  0.001) and climbing experience (climbing 
years, p < 0.001) were both significantly higher 
in men than in women. Against the findings of 
two previously published studies, we could not 
confirm a correlation between the climbing diffi-
culty (UIAA score) and the development of over-
use injuries [3, 4]. This finding is remarkable, as 
one would expect overuse injuries to be most fre-
quent in very old athletes with decades of climb-
ing history. No significant association between 
the climber’s UIAA climbing level, climbing 
hours/week, years of climbing, height, weight, 
and sex and the development of an acute or over-
use injury was found. The UIAA injury score was 
also not significantly influenced by any of these 
individual parameters.

Athletes affected by acute injuries did not 
have significantly higher UIAA scores than those 
affected by overuse injuries. As reported in inves-
tigations of younger rock climbing athletes, the 
vast majority of injuries in the study (90%) 
affected the upper extremities [2, 6, 9]. In a pro-
spective analysis of more than half a million 
entries to an indoor climbing and bouldering 
gym, the authors found an injury rate of 
0.02/1000  h, of which only 15 were of UIAA 
injury scale grade 2, 13 UIAA 3, and 2 UIAA 4 

[11]. No higher graded injuries (UIAA injury 
scale) were reported, and no fatalities occurred in 
the study. The severity of injuries in older athletes 
is also mostly low, with a UIAA score of 2 
(defined as “moderate severe injury,…”) in 93% 
of all cases [12]. Only six acute cases were clas-
sified as UIAA grade 3 injuries, and one poly-
traumatic patient was classified as a UIAA grade 
4 injury. This overall minor grade of injury sever-
ity is mostly in accordance with the previously 
published data. It is notable that there is a slight 
increase of more severe injuries graded UIAA 3 
and higher compared to prior studies on younger 
athletes [3, 4]. Contrary to expectations that more 
severe injuries would be more probable in 
younger, more aggressive, and occasionally reck-
less athletes, the study might confirm the recent 
trend in which we have seen an overall shift into 
more serious injuries over the last 5  years [5]. 
This finding is most likely caused by indoor boul-
dering and the rising number of people being 
enthusiastic about this sport.

15.3  Degenerative Conditions

Among overuse injuries, degenerative conditions 
were defined as non-reversible injuries that had 
worsened over time. Subgroup analysis showed a 
weak correlation of the climber’s age with the 
development of a degenerative condition (Tables 
15.1 and 15.2). Among the degenerative condi-

Table 15.2 Most frequent degenerative conditions in the older rock climbing athlete [10]

Injuries

All (n = 88 
degenerative 
injuries)

Age 35–49 (n = 63 
degenerative injuries)

Age 50–64 (n = 24 
degenerative injuries)

Age ≥ 65 (n = 1 
degenerative injury)

Impingement 
(shoulder)

28 (32%) 19 (29%) 8 (33%) 1

SLAP tear 19 (22%) 17 (27%) 2 (8%) None
Osteoarthritis 
(finger)

12 (14%) 8 (13%) 4 (17%) None

Dupuytren disease 9 (10%) 6 (10%) 3 (13%) None
Biceps tendon 
rupture (LBT)

6 (7%) 4 (9%) 2 (8%) None

Osteoarthritis 
elbow

6 (7%) 3 (5%) 3 (13%) None

Osteoarthritis foot 4 (5%) 4 (6%) None None
Other 4 (5%) 2 (3%) 2 (8%) None

SLAP superior labral tear from anterior to posterior; LBT long biceps tendon
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tions, subacromial impingement syndrome was 
the most frequent diagnosis (32%), followed by 
chronic SLAP-lesions (superior labral tear from 
anterior to posterior, 22%), osteoarthritis of the 
fingers (14%), and Dupuytren’s contracture 
(10%) (Table 15.2, Fig. 15.1). The subacromial 
impingement syndrome (Table 15.1, 10% of all 
patients) was found to occur twice as frequently 
compared to younger athletes in existing litera-
ture [4]. This is most likely influenced by the 
overall higher prevalence of impingement syn-
drome in older patients [13]. However, osteoar-
thritis of the finger has previously described as 
representing only 3% of all finger injuries in 
younger rock climbers [4] (Figs. 15.1 and 15.2). 
While this condition is the seventh leading cause 
of complaints in older rock climbers overall, it 
represents the third leading diagnosis among the 
degenerative conditions (Table  15.2). Our find-

ings are in agreement with a recently published 
study on long-term radiographic adaptations of 
the fingers to the stress of long-time high-level 
and recreational rock climbing [14].

15.4  Conclusions

While the injury distribution in older athletes is 
overall comparable to that of younger athletes, 
degenerative conditions such as impingement 
syndrome of the shoulder or osteoarthritis of the 
fingers are common injuries in older athletes. We 
therefore recommend careful, sport-specific 
medical supervision and evidence-based educa-
tion under consideration of age-specific factors to 
prevent injuries among all age groups and to 
decrease the number of degenerative injuries in 
older rock climbers.

a b

Fig. 15.1 (a) Left hand of a long-time senior rock 
climber (experience, approximately 40 years; UIAA level, 
X) with distinct distension of the PIP (red arrow) and DIP 

joints. (b) In addition, there is a clear extension deficit of 
the fingers, here approximately 40° extension deficit of 
the Dig. III
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a b
Fig. 15.2 (a) X-ray of a 
38-year-old male rock 
climber with severe 
bone spurs (osteophytes) 
at the dorsal aspect of 
the PIP joint (see arrow). 
A similar finding can be 
noticed in the DIP joint 
area. (b) Surgical 
treatment with removal 
of bone spurs around the 
PIP joint. The arrow 
marks the site of the 
resected osteophyte
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16.1  Introduction

Several sporting disciplines have a recognized 
benefit from low body weight, namely, sports 
with weight categories like martial arts and sports 
in which the body weight needs to be moved 
against gravity like gymnastics and of course 
sport climbing. As a consequence, some climbers 
control their weight through at least one unhealthy 
way [1]. This is called relative energy deficiency 
in sports or RED-S and can have serious long- 
term complications: dental caries, osteoporosis, 
renal insufficiency, anemia, and also psychiat-
ric conditions. Even though RED-S, formerly 
known as anorexia athletica, is not recognized as 
a true disorder, it can lead to psychiatric disorders 
like anorexia nervosa or depression. Some of the 
athletes are so convinced of the dependence of 
their weight on their performance, and this wrong 
belief is so firmly ingrained that they suffer their 
whole life from the mental consequences.

So far there are no restrictions on athletes diag-
nosed with RED-S by the IFSC, as long as it is 
medically justifiable, especially as restricting the 
athlete could lead to a serious aggravation of the 
athlete’s situation. Instead of receiving help from 
his or her federation, the athlete could become 
isolated increasing their risk of serious disor-
ders following in the wake of RED- S. However, 
a regular monitoring of BMI is being conducted 
during world cup competitions. If concerns are 
raised, the IFSC can oblige the athlete to get a 
medical check-up [2]. An early detection of pos-
sible warning signs and support for the athlete 
must be a high priority in order to avoid long- 
term damage.

16.2  RED-S (Relative Energy 
Deficiency in Sport)

Relative energy deficiency in sport (RED-S) 
describes a physiology as a consequence of rela-
tive energy deficiency and includes limitations 
to the metabolism, the menstrual cycle, the bone 
health, the immune system, the protein synthesis, 
and the cardiopulmonary function [3]. In theory, 
every athlete is at an increased risk of RED- 

S.  However, some sports present a higher risk 
factor. These are sports with an aspect of aesthet-
ics and appearance, weight-class sports, endur-
ance sports [3], and sports in which the own body 
weight needs to be moved against gravity (climb-
ing, gymnastics). In 2014, the IOC published a 
“consensus statement” in which all the signs and 
risks of RED-S were explained [4]. One year late, 
a diagnostic tool was developed, the RED-S CAT 
[3].

16.3  RED-S in Climbing

An optimal balance between low body weight, or 
a low body fat percentage, respectively, with still 
a high amount of strength plays an essential role 
in climbing [5]. This is a consequence of the fact 
that the own body weight needs to be propelled 
against gravity often with only the fingers doing 
the whole work. The endurance aspect in climb-
ing is rather low compared to endurance sports 
but probably comparable to team sports or mar-
tial arts [6, 7]. Training, competition, and even 
climbing outdoors most likely resemble interval 
training [8]. Restricting the diet and reducing 
especially the amount of incorporated fatty acids 
in order to keep the body fat low is therefore a 
regular occurrence in climbers as the need for a 
sufficient amount of nutrients is not felt as much 
as in endurance sports. Another option is using an 
endurance sport for losing weight and body fat, a 
method employed by many climbers excessively.

16.3.1  Energy and Nutrient Supply 
in Sport Climbers

Male elite climbers have a lower BMI than elite 
athletes from other sports, even when compared 
to long-distance runners [1, 9, 10]. The mean 
energy supply in climbers is comparable to elite 
athletes from other sports in which the body 
weight needs to be low (gymnastics, dancing) 
or sports with weight classes (wrestling, martial 
arts) and is decidedly lower than in endurance 
athletes [1]. However, endurance athletes also 
have a much higher energy demand as a con-
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sequence of their specific training regimes, and 
therefore a direct comparison is not feasible. In 
addition to that, it is not only essential how much 
food is consumed but its components. A study on 
climbers nutritional intake was able to show that 
a small part comes from visible fat or meat (12% 
of the climbers vs. 60% general pediatric popu-
lation [1]). This is less than in any other sport 
discipline [1]. Especially the female elite climb-
ers tend to restrict their calories with a very low 
protein content leading to very low protein and 
caloric levels in their blood [1]. Furthermore, the 
composition of the food is mainly inappropriate. 
The combination of little food intake with high 
training volumes leads to malnutrition on the one 
hand and sudden ravenousness which can only be 
satisfied with fast food low on nutrients [1]. This 
results in a shortage of micronutrients.

16.3.2  Correlations Between 
Climbing Performance 
and BMI/Body Fat

The influence of a low body weight on the climb-
ing performance needs to be questioned critically. 
Several studies have shown that good climbers 
tend to be exceptionally small and thin [1, 5, 
11, 12]. However, it is not possible to draw the 
conclusion that there exists a causality between 
body weight and climbing level. It also needs to 
be stressed that especially the mental belief that a 
low body weight can influence the climber’s per-
formance is so deeply embedded in some climb-
ers that it becomes a self-fulfilling prophecy. 
Even though this may seem harmless at first, the 
energy and nutrient restrictions following such 
beliefs can cause long-term impairment of health 
and performance and may therefore limit the per-
formance of the athlete in the long term.

16.3.3  Eating Disorders in Climbers

The belief that a low body weight represents 
the key to success in climbing is widely spread 

among climbers. However, are this belief and 
the actions taken in order to reach certain weight 
goals already considered a disorder?

The full scale of anorexia nervosa or bulimia 
nervosa is a recognized psychiatric disorder with 
clear diagnostic criteria. Climbers have many 
characteristics in common with people who have 
a tendency toward eating disorder. They are per-
fectionists, reliant, and ready to work hard, have 
a high need for approval, can tolerate pain and 
discomfort well, and plan their eating manners 
according to the demands of their sport [1]. On 
the other hand, there are some characteristics 
that do not fit: low self-esteem coupled with 
being discontent with one own performance; a 
distinct distorted perception of the own body 
coupled with a fear of gaining weight; a rigid 
eating and training regimen, which is kept up 
during season breaks. These characteristics lead 
to athletes who can have successful careers in 
spite of their disorders and never acknowledge 
their disease [1, 13]. In some cases, athletes 
have even taken laxatives and diuretics in order 
to lose weight [13].

RED-S is observed more frequently in women 
than in men and occurs mainly between the ages 
of 15–25. However, we’ve had male athletes who 
were affected severely.

The consequences of restricting one’s diet can 
be severe: amenorrhea, stress fractures, osteopo-
rosis, changes in metabolism, kidney and liver 
conditions, depression, and other psychiatric 
diseases. In many cases, the self-restricting diet 
leads to permanent damage as has been reported 
by some athletes openly. Angela Eiter, former 
world champion in lead climbing reported openly 
about her ongoing problems with the topic in a 
European Newspaper (Neue Zürcher Zeitung). 
After having been asked to lose some weight in 
order to be more performant in climbing, she was 
more successful, and this has impacted on her 
entire eating habits to this day.

Since a low body weight is considered normal 
in climbing, a pronounced vigilance is necessary 
from coaches, physicians, and peers in order to 
detect early warning signs.
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16.4  Definition RED-S CAT and Its 
Implementation

The RED-S CAT is a clinical assessment tool for 
the evaluation of athletes/active individuals sus-
pected of having relative energy deficiency [3]. 
It is meant for use by medical professionals in 
the clinical evaluation and management of ath-
letes with this syndrome [3]. The goal is to screen 
suspected athletes according to this tool and then 
place them in one of the categories. It is based 
on the IOC Consensus Statement on RED-S [4].

16.4.1  Red Light

In the red light, we find athletes with one of the 
following diagnosed disorders:

 – Anorexia nervosa and other eating disorders
 – Other serious medical (psychological and 

physiological) conditions related to low 
energy availability

 – Use of extreme weight loss techniques leading 
to dehydration-induced hemodynamic insta-
bility and other life-threatening conditions

 – Severe ECG abnormalities (i.e., bradycardia)

Athletes in the red light need medical help, 
and due to the seriousness of the presentation, 
sport participation represents a serious threat. It 
may also distract the athlete from devoting the 
attention needed for treatment and recovery. 
Athletes in this category should be forbidden to 
participate in competitions or serious training [3].

16.4.2  Yellow Light

Here, we find athletes with a moderate risk 
which can be identified with the following 
characteristics:

 – Prolonged abnormally low body fat (measured 
using DXA or anthropometric measurements)

 – Substantial weight loss of 5–10% in 1 month
 – Attenuation of expected growth and develop-

ment in adolescents

 – Low energy intake over a longer time period
 – Abnormal menstrual cycle with amenorrhea 

over more than 3 months
 – No menarche at 15 years of age
 – Low mineral bone density (DXA 

measurements)
 – Stress fractures
 – Psychological complications from low energy 

intake
 – Disordered eating behavior negatively affect-

ing other team members
 – Lack of progress in treatment and/or 

noncompliance

Athletes in the yellow light are allowed to par-
ticipate in competitions if medically supervised and 
treated. Reevaluation of the athlete’s risk assessment 
should occur at regular intervals of 1–3  months 
depending on the clinical scenario to assess compli-
ance and to detect changes in clinical status [3].

16.4.3  Green Light

Athletes in the green light only have a low risk. 
They can be classified according to the following 
criteria:

 – Appropriate physique that is managed without 
unhealthy diet/exercise strategies

 – Healthy eating habits
 – Healthy endocrine system
 – Healthy bone mineral density
 – Healthy musculoskeletal system

There are no restrictions for these athletes [3].

16.4.4  Treatment

Athlete in the red light should therefore not par-
ticipate in competitions or training. They need to 
sign a written contract in which the therapy goals 
are spelled out so that they know when a return to 
sport is possible. Athletes in the yellow light can 
participate in competitions but should be monitored 
closely and follow an exact treatment plan. Athlete 
in the green light can continue as before [3].
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This represents also the approach already 
practiced by the IFSC.  In order to monitor the 
developments in the IFSC athletes, BMI mea-
surements for screening during world cup com-
petitions have become routine. If an abnormality 
during these routine screenings is observed, the 
national federation is informed and is asked to 
take appropriate steps in order to categorize the 
athlete and then provide appropriate treatment 
plans if indicated. It is also up to the national 
federation if the athlete needs to leave the com-
petition circuit or not. If the athlete is below a 
minimum BMI the athlete is only granted an 
international permit after the federation’s physi-
cian has provided a written statement allowing 
the athlete to keep competing [2]. However, this 
concept is in perpetual evolvement.

16.5  Conclusion

The health of each athlete must be the priority 
for each physician working with climbers. If an 
eating disorder or relative energy deficiency is 
suspected, this needs to be addressed promptly. 
There can be no beating about the bush since 
the consequences can be permanent. Especially, 
adolescents can experience worsening of a little 
energy restriction into severe psychiatric disor-
ders from which they may never recover. The 
RED-S CAT represents a useful tool for detect-
ing and judging the extent of an eating disorder in 
athletes and provides guidelines for helping these 
athletes.
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most important message first—it is very rare that 
patients must stop climbing completely!

There is a broad consensus that regular physi-
cal activity and exercise are an essential part of a 
healthy lifestyle with significant health benefits 
and are regularly prescribed for the prevention 
and treatment of many diseases [1]. For example, 
aerobic exercise and aerobic with resistance exer-
cise can significantly improve the aerobic capac-
ity of chronic heart failure patients, whereas 
resistance exercise alone cannot [2]. Other meta- 
analyses confirm that both aerobic and dynamic 
resistance training can reduce hypertension [1, 
3], and small studies show climbing can reduce 
backache [4], even depression [5].

Limb (1995) reported no cardiac events at UK 
indoor climbing walls with over 1.7 million users. 
All exercise adapts the heart accordingly. A trained 
sport climber’s heart is characterized by a submaxi-
mal cardiac output, high to maximal heart rate, and 
moderate to marked increase in peripheral resis-
tance [6]. This is explored later, but sport climbing is 
essentially a mix of aerobic plus resistance exercise 
combined with significant hand-gripping, where 
performance limiting or terminating “climbing 
fatigue” is not systemic but generally localized to the 
forearm flexor muscles responsible for gripping. It’s 
unlike standard cycling or running treadmill exercise 
testing where performance is predominately aerobic 
and terminated by breathlessness and fatigue of 
the exercising large muscle groups. Both standard 
ergometric exercise tests can also prescribe a steady 
exercise state for the heart rate (HR), which is impos-
sible in climbing. Climbing’s unique physiological 
response to each route combines submaximal aero-
bic and anaerobic pathways, and a disproportionate 
rise in HR and blood pressure (BP), especially when 
climbing nearer the maximal grades of climber [6].

There is no standardized method to test climb-
ing exercise. However, Sheel (2004) compared 
cycling ergometry V O2 to the V O2 when climb-
ing on grades 2 and 3 below the maximum grade 
of the climber [7, 8]. Sheel found the respective 
climbing grade’sV O2 to be 45 and 51% of the 
cycling V O2 max.

In assessing over one million standard 
ergometry exercise tests, there were no fatal 
or nonfatal complications in the athletes, and 

in the remaining 712,285 predominantly with 
coronary heart disease, there were 17 deaths 
and 96 life- threatening complications, most 
frequently regarding ventricular fibrillation 
[9]. Gibbons et al. conducted 71,914 maximal 
exercise tests with uniform conditions in a 
single medical facility in a population with low 
prevalence of known heart disease from 1971 
to 1987 [10]. No complications occurred from 
1977 in 45,000 maximal tests. The overall car-
diac complication rate in women and men is 0.8 
complications per 10,000 tests with 95% con-
fidence intervals of 0.3–1.9 complications per 
10,000 tests. Standardized maximal exercise 
testing was found to be safer than previously 
published, but there still remains a very minor 
risk to be addressed. Fletcher et  al. clearly 
defines various parameters for ergometry test-
ing in those with cardiovascular disease, with 
epidemiological data demonstrating the neces-
sity of regular exercise in these patients, and the 
resulting positive health benefits [11].

Climbers are generally dedicated to the sport, 
be it recreational or competitive. They may have 
long walks with rucksacks to outdoor crags and/
or regularly participate in other exercise which 
may include cycling to a climbing gym, strength 
training, or other sports participation. However, 
whenever there are pre-existing medical condi-
tions, the climber must seek the advice of a doc-
tor who is well informed about the respective 
diagnosis in sport medicine and who is preferably 
also experienced in climbing. Sport climbing’s 
physiology is often misunderstood or dismissed 
as there’s limited data published with respect to 
exercise prescription. The patient should not be 
unnecessarily limited in their regular activities 
as the benefits of regular exercise and sports are 
significant and almost exclusively outweigh the 
risks.

There must always be regard for any disease 
process itself, and each climber presents with a 
different FITT training background. They may 
require a baseline or maximal level of fitness 
to be established and/or comprehensive history 
reported.

In seeking the best possible medical advice, 
the following questions must be answered:
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 1. Is there any risk that the disease may be wors-
ened by sport climbing?

 2. Alternatively, does the disease limit the ability 
to climb?

 3. Does the disease cause any risk while 
climbing?

 (a) When leading?
 (b) When belaying?
 4. Are there any additional risk/s from environ-

mental factors which may worsen the 
disease?

The following are examples of replies to the 
four questions raised above.

 1. Diabetics should monitor their blood sugar 
during and after sport as exercise stresses glu-
cose metabolism.

 2. Limited mobility in the case of rheumatic or 
orthopedic diseases may cause limitations 
when climbing.

 3. Seizures may be a risk when leading or belay-
ing but not when seconding or top rope 
climbing;

 4. If a diabetic has peripheral angiopathy or a 
climber suffers from Raynaud’s disease or 
other vascular dysfunction, cold weather may 
cause significant problems and may increase 
the risk of frostbite.

For further clarification, the following ques-
tions should also be asked:

 1. Which—if any—may be a limiting factor to 
climb?

 2. Is the disease in an acute phase, or has it been 
stabilized?

Based on these answers and—if necessary—
additional clinical tests, the individual recom-
mendation should be given. Again, in most 
cases, the patient will be able to continue climb-
ing if he/she accepts some rules. Principally, 
any acute or non-stabilized situation should 
be stabilized by adequate therapeutic proce-
dures before any assessment of fitness to climb 
is answered. It should be noted that there are 
nearly no evidence- based recommendations and 

data specifically about climbing with pre-exist-
ing diseases [6], but there are for related sports. 
Therefore, the bulk of the recommendations, also 
those from international panels—e.g., the UIAA 
Medical Commission (Union Internationale des 
Associations d’Alpinisme)—are based on a con-
sensus of international experts who are climb-
ers themselves and who transfer sports medical 
knowledge from other disciplines to sport climb-
ing [12–16]. It should be noted that most of 
these recommendations focus on “classic” alpine 
climbing and not sport climbing.

The following recommendations for sport 
climbing with pre-existing medical conditions 
will consider each condition in turn. However, 
some physiological understanding of the sport 
will first be discussed to avoid further repetition 
in the respective diagnoses that follow.

17.1  Physiology of Sport 
Climbing Seen with the Eyes 
of Exercise Physiology

Climbing is often said to be “strenuous” without 
any understanding or qualification of what this 
means. How fit must a person with pre-existing 
disease be to climb without taking inadequate 
risk for himself or fellow climbers? Answering 
this requires an understanding of baseline physi-
ological parameters induced by sport climbing. 
Sport climbing is an intermittent activity where 
each unique route has a graded difficulty level 
once climbed, and this is typically followed by 
a short rest or belaying one’s partner. It involves 
complex static isometric and dynamic moves.

Higher grades become incrementally more 
strenuous, as are routes with increasing incre-
mental overhangs angles or “roof” routes. 
The lowest grade is equivalent to a scramble 
walk. Trained climbers can climb more routes 
of higher grades in a single session because of 
their enhanced training status; and if more expe-
rienced, they have additionally honed efficient 
climbing techniques to reduce strenuous load-
ing (i.e., not over gripping and thus delaying the 
onset on climbing-specific fatigue, better foot-
work, and/or core strength). It is well established 
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that climbing increases heart rate (HR) dispro-
portionately relative to the “exercise” of climb-
ing and can fluctuate between 129 and 180 bpm 
 during a climb, with peaks greatest on increasing 
inclines on overhanging routes [6].

Accordingly, a trained sport climber’s heart 
is characterized by a submaximal cardiac out-
put, high to maximal heart rate, and moderate to 
marked increase in peripheral resistance [6]. As 
the sport is not predominately aerobic, but also 
involving resistance training, heart rate and blood 
pressure will be disproportionately high during 
the climb itself, with irregular breathing, which 
return to normative values soon after the climb 
[6]. A typical climb lasts 2–7 min, with blood lac-
tates remaining elevated over 20 min post-climb 
[17]. Sport climbing does not require a high level 
of cardiovascular fitness with an adult V O2peak 
during the climb estimated to be 52–55 mL/kg−1/
min−1 for maximum oxygen uptake, averaging 
20–25  mL/kg−1/min−1. The latter is equivalent 
to the stress tolerance in an untrained popula-
tion [17]. The V O2max results for sedentary people 
undergoing isometric exercises are <45 mL/kg−1/
min−1, while elite cyclists have >68  mL/kg−1/
min−1. Therefore, measurements of the maximal 
oxygen uptake (V O2max) are not representative for 
the real strain of sport climbing [18].

In a study investigating whether there was any 
advantage in an active pause when sport climb-
ing, the probands who climbed a 20 m route with 
a crux of VIII+ (UIAA scale) showed a mean 
heart rate (HR) of 148  bpm (+/−16), a mean 
oxygen uptake (V O2) of 1660 mL/min (+/−340), 
and a relative oxygen uptake of 24.7  mL/kg−1/
min−1 (+/−5.3) [18]. Short peak loads require 
31.9  mL/kg−1/min−1 (+/−5.3). An active pause 
had no advantage over a passive one. However, 
it must be criticized that lactate was not investi-
gated although it is well known that its increase 
requires a significantly longer recovery. With a 
passive pause, lactate is still increased for 30 min 
post- climb before getting back to normal levels 
or continued increasing for 20 min after an active 
pause [18].

Given this physiological understanding, it 
can be concluded that sport climbing makes no 
significant demands on general endurance nor 

does it require a high cardiovascular fitness for 
heart patients; the data suggests sport climbing 
exercise corresponds to loads which are recom-
mended as secondary prevention in heart cases.

As expected, climbing routes closer the indi-
vidual’s grade limit will cause a significantly 
higher peaks in HR and higher V O2 [6]. However, 
when climbing moderate routes, HR is at 67%, 
and V O2 is 45% of the individual’s maximum 
V O2 for cycling ergometry [8]. This again indi-
cates that standard exercise ergometry tests 
should not be used for assessing climbing fitness 
because the (largely) linear correlation between 
HR and V O2 does not exist during climbing. 
Such correlation will be found in aerobic endur-
ance disciplines where the body’s large muscle 
groups become fatigued and the subject breath-
less, unlike climbing where performance limiting 
fatigue is generally localized to hand gripping 
function. In consequence, the measurement of 
the ischemic threshold of a patient with coronary 
heart disease may be used, but the V O2 of a pul-
monary patient is irrelevant if this patient climbs.

Some authors also mention the psychologi-
cal factors that may additionally impact on the 
disproportionality between HR and V O2 when 
climbing, e.g., stress and fear [8, 19, 20]. Williams 
et al. examined the heart’s response to climbing 
outdoors with experienced and novice climb-
ers using ECG and placebo or beta blockade to 
limit HR peaks [20]. Williams concluded, “…this 
popular sport represents more an anxiety-type of 
psychological stress than a physical stress and as 
such is likely to increase moral fibre rather than 
muscle fibre.” However, the testing day was wet, 
route slippery and insecure, especially for nov-
ices. Experienced outdoor climbers will generally 
deal with inclement weather and bold move-
ments much better than novices. Beta blockade 
does not improve climbing performance, though 
incorrectly thought to be important to climbing 
performance among some climbers in the 1970s. 
Although studies are few, experienced climbers 
generally manage the “fear” of a bold move much 
better than novices, irrespective of weather, and 
have lower HRs; and more significantly, experi-
enced climbers also don’t overgrip holds which 
will raise HR [6]. Perhaps it is not surprising that 
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climbing training is relevant for 59% of the per-
formance only [21].

Interestingly, the anaerobic strain is much 
higher when comparing indoor climbing to out-
door. While the HR, V O2, and lactate at rest were 
identical, the maximal lactate was significantly 
higher (10.4 mmol/L) for indoor climbers com-
pared to climbing natural rocks of similar diffi-
culty [22]. All studies demonstrate that lactate is 
also not a valid parameter to measure fitness of 
climbers as there are no steady states in exercise 
to be achieved while climbing, and each graded 
route differs in its “exercise” intensity. This may 
be different when considering local lactate, espe-
cially if the arms would be measured, but this 
testing is not realistic for normal climbing.

Although there are several limitations when 
applying results from traditional exercise testing 
protocols (cycling, threadmill) to sport climbing, 
some important conclusions may be drawn for 
climbers with pre-existing conditions [19, 23]. 
With an increase of 54–85% of HRmax and a V O2 
which corresponds to easy jogging, climbing 
may be recommended as discipline for secondary 
prevention, e.g., for diabetes or coronary heart 
disease.

17.2  Acute Infections

The most frequently encountered and probable 
cause acutely affecting the heart is acute febrile 
infection. This is assumed to be an important fac-
tor for sudden and severe complications or even 
deaths in sports via myocarditis as third frequent 
cause of death [24], and arrhythmia [25–28]. 
Although there are no valid data available, obvi-
ously different viruses behave differently, and 
those that are “critical” are Parvovirus B19, her-
pes viruses, and entero- and adenoviruses [29–
31]. When outdoor climbing, it should be taken 
into account that in several regions a myocarditis 
may be a complication of a borreliosis [30].

Independent from the sporting discipline, 
there is international consensus in sport medi-
cine and occupational medicine that demanding 
activities should not be performed at least for 
twice the number of days that the patient had 

fever. Non-demanding activities like compensa-
tory training is possible if the patient feels well 
enough to do so.

17.3  Sport Climbing 
with Diabetes Mellitus

Summary
• Limiting factor: Endurance, not maximal 

force, climbing grade difficulty level, charac-
teristics of the route, altitude, etc.

• Additional risk factors: Cold, heat, minor 
trauma, (shoes too tight!)

• Common mistake: Blood sugar measured 
before and while climbing and also some 
hours after exercise

There are no studies available concerning 
sport climbing and diabetes. However, there is 
international consensus in sport medicine that 
regular sport is a good secondary prophylaxis for 
diabetics and especially for type 2 diabetes; this 
is supported with good data. The main effect is 
the build-up of metabolic highly active muscle 
tissue.

If there is no significant neuropathy, the maxi-
mal force and short-time-endurance of diabet-
ics is not reduced, and, vice versa, side glucose 
metabolism will not be influenced significantly 
by the activity. Therefore, the risk for hypogly-
cemia is reduced compared to endurance sports, 
e.g., mountaineering. Hence, such complications 
are extremely rare in climbing gyms (Küpper, 
unpublished data). However, consequent moni-
toring of the blood sugar should be integral part 
of any sportive activity of diabetics with another 
measurement some hours after climbing included. 
Often patients will forget the latter when they 
climb in the evening, and the test should be per-
formed then after midnight. Overall, blood sugar 
management is much easier now with modern 
equipment which is small and lightweight, some 
of which offer automatic and/or continuous mea-
surement. So far, no contraindications were found 
for such devices, but the user should always keep 
up-to-date with the respective specifics of the dif-
ferent systems.
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Basically there are continuous glucose moni-
toring systems (CGM) and flash glucose moni-
toring systems (FGM). CGMs measure the sugar 
in the liquid of the subcutaneous tissue more or 
less continuously, at least in short intervals. For 
FCMs, the sensor is located also in the subcu-
taneous tissue in short intervals, but the results 
will be stored on a microchip and then read by a 
special device or via smartphone. Data from both 
systems may be stored and evaluated digitally 
and used later for advice by the sports medicine 
specialist or the diabetologist. For both systems, 
a very small platinum electrode must be placed 
into the subcutaneous fat. It doesn’t disturb the 
patient, but dependent on the system, it must be 
replaced every few weeks. Independent unsys-
tematic observations from a limited number of 
cases have shown that the systems are well toler-
ated by the climbers. The location of the sensor at 
the dorsal upper arm generally does not constrict. 
This would be the case only for a very limited 
number of moves, e.g., back and footing, where 
the arm is used backward.

CGM and FGM must be differentiated from 
noninvasive continuous measurement (NCM). 
The latter is of advantage for persons with pho-
bia for needles. No device must penetrate the 
skin. However, this system has a significant and 
unratable disadvantage. NCM is based on the 
reflexion of laser light, which points at the skin’s 
sweat. Here, several substances are solved (glu-
cose, protein, water, uric acid, etc.), and their 
collective measurement allows a conclusion of 
blood sugar concentration. For people at rest, 
the results are of acceptable validity. However, 
during sports, the composition of sweat differs 
significantly from those at rest. Another prob-
lem is that in people who are used to sweating 
regularly (sports, sauna, etc.), sweat is produced 
more effectively than in other situations which 
may mean their sweat contains much more 
water and less of other (valuable) substances, 
especially salt. Research demonstrated that this 
effect cannot be taken into account by available 
systems thus far. Seen from the eyes of sport 
medicine, such systems cannot be generally 
recommended in contrast to CGM and FGM 
systems.

The necessary validity and exactness of mea-
surement has been included into international 
standards. Since 2016, only those devices meet-
ing the testing criteria set out in ISO 15197 can 
be sold. With an accepted tolerance of +/−15%, 
CGM and FGM systems fulfill this standard, but 
NCM show an error of measurement of +/−30% 
or more which is not acceptable according to ISO 
15197. The exactness results of watches or wrist-
band fail to meet these criteria. These systems 
will give an alarm to the user when the limits 
should be exceeded, but this is not reliable enough 
because of data variance. However, these systems 
may be used as backup for others. The exactness 
of measurement must be taken into account also 
when the “traditional” test with strips should be 
used. Such tests are linked chemical- optic tests 
and are therefore temperature dependent. When 
used below +14  °C, the reported blood sugar 
concentration is false-low (below 0 °C any mea-
surement is impossible). When the temperature 
should be higher than +35 °C, the result will be 
a false high. Therefore, these devices should be 
carried under warmth and shade of jackets on 
cold days, and similarly in the shade during hot 
days. As the measurement of these test substance 
devices are UV light sensitive, ensure the con-
tainer with the testing strips is opened for as short 
a time as possible and in the shade.

Checkup for Climbing Diabetics
• History: Experience in climbing, training sta-

tus, nutrition, blood sugar management, hypo-
glycemic phases in the past (especially when 
correlated to sports), medication, knowledge 
of individual symptoms for hypoglycemia

• Actual status: Vessels (peripheral angiopa-
thy, especially of the fingers or feet?), neurol-
ogy (peripheral neuropathy?), ocular fundus

• Laboratory: Creatinine, urine status, HbA1c
• Technical investigations: ECG at rest, 

ergometry
• In the case of individual indication: Stress 

echocardiography, 24  h ECG, ultrasound of 
the kidneys, etc.

A precondition for diabetics to undertake safe 
sporting participation is the continued knowledge 
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about the disease, good compliance to improve 
diabetes control, and the absence of any second-
ary organ damage which may cause limitations. 
The latter would necessitate special advice with a 
careful risk and benefit assessment included.

Independent from the discipline, fellow 
climbers should be informed of the diabetic’s 
diagnosis and first aid involving the follow-
ing options should they arise. They should also 
know where the diabetic carries some carbohy-
drates (normally readily accessible in the top 
compartment of the rucksack) [16]. Any emer-
gency kit should include some carbohydrates. 
On the strength of past experiences using cereal 
bars as the carbohydrate, often recommended 
especially in Anglo- American literature, this is 
not the best choice. They are bone-dry and make 
the athlete thirsty. Much better are carbohydrate 
gels which are state of the art for diving dia-
betics. They can be consumed directly from the 
packet, and thirsty persons tolerate them much 
better. To carry along glucagon or insulin in 
the emergency bag is a topic of discussion. If 
climbers do carry these, they must be confident 
in using them correctly.

The limited temperature tolerance of diabetic 
drugs should also be taken into account as they 
are quite resistant against heat but should never 
be allowed to freeze [32]. Only about 15% of the 
normal population knows the local emergency 
number. Therefore, this should be included in 
the emergency kit as the number can vary. For 
example, in most countries worldwide, 112 is the 
emergency calling number, but its 911 in North 
America. In some African and Asian countries, 
there are other local numbers.

With respect to tactics for managing blood 
sugar levels, the following points should be 
noted. After a strenuous day, the blood sugar level 
may be a little higher than normal in the follow-
ing morning, and this is fine. When significant 
endurance exercise is anticipated in a given day, 
the amount of carbohydrates consumed at break-
fast should be increased by about 30%. In hot cli-
mates, the hydration status should be monitored 
carefully. Dehydration is more dangerous for dia-
betics than a mild hyperhydration, and therefore 
intake should be liberal [16]. Special attention 

should be given to the treatment and prevention 
of injuries, also to minor wounds [16].

Even with good compliance, diabetics will 
develop some minor microangiopathy and neu-
ropathy in their daily routine which is irrelevant. 
In cold weather, this increases the risk of frost-
bite as the diabetic person will not feel the effects 
of cold as much as a healthy person due to the 
neuropathy; and if frostbite has already occurred, 
the healing will be more inferior for the diabetic 
due to the microangiopathy. Protection from the 
cold should be actioned early by wearing non- 
constrictive shoes and gloves and, if necessary, 
fingerless gloves for climbing. Perfectly fitted 
shoes and regular care for the nails and feet are 
a must for diabetics [16]. Never wear shoes sized 
too small. Comfort is the measure of all things! 
As soon as pressure marks occur from ill-fitting 
footwear, climbing must be stopped immediately, 
and it should be considered whether to buy larger 
or better fitting shoes. If wounds should occur at 
the hands or feet, however minor, these should be 
treated carefully. This includes perfect disinfec-
tion, covering, and no climbing until fully healed.

17.4  Sport Climbing 
with Cardiovascular Disease

For most cardiovascular diseases, there is no 
doubt that exercise is an important factor for 
the prescription of secondary prevention [2, 3, 
33–35]. Therefore, it must be strongly warned to 
advise a climber to stop climbing without signifi-
cant arguments or not to continue climbing with 
specific advice by a specialist.

17.4.1  Hypertension

One may call hypertension a pandemic of modern 
civilization, and, of course, it also affects climb-
ers. Some sport medicine specialists unfamiliar 
with climbing physiology give the undifferenti-
ated advice to “stop climbing” when presented 
with climber with hypertension. It is conspicu-
ous that the former often “never in their life have 
climbed higher than a bar stool” (cit. Ulf Gieseler, 
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Heidelberg/Germany). They should consider the 
following argument. If assessed from an exercise 
physiology viewpoint, a hypertensive person, 
who is treated perfectly, who does not suffer 
from secondary damages of hypertension, and 
who shows a normal blood pressure regulation at 
rest and during exercise, should be viewed as a 
healthy person able to climb [6]. Meta-analyses 
confirm that both aerobic and dynamic resistance 
training can also reduce hypertension, among 
many other health benefits to be derived from 
exercise, and are endorsed by multiple interna-
tional hypertensive consensus recommendations 
[1, 3].

Summary
• Limiting factors: Maximal force, especially 

when combined with a whole-body load and 
forced respiration during expulsion (and 
therefore indirectly the difficulty of the climb), 
may cause risk but not the length of the climb, 
endurance exercise, altitude, climate, etc.

• Additional risk factor: Competition situa-
tion, “pushing the limits”

• Common mistakes: Compensation of a lack 
of technique with a more of power, climbing 
of significant overhanging routes only, not 
adequate pauses between the climbs

Also for hypertension, it should be noted that 
data are insufficient. However, some observations 
indicate strongly that well stabilized hyperten-
sive patients without secondary organ damages 
show a normal exercise-adequate increase and 
decrease of their blood pressure [6, 36]. The spe-
cific problem is that the method of Riva-Rocci 
cannot be used during climbing, and for techni-
cal reasons, the earliest measurement will only be 
possible at least 1 min after the climb when blood 
pressure has already decreased. A study by the 
authors with continuous blood pressure measure-
ment during climbing has been approved by the 
ethical commission but has not yet commenced.

There is one study which tried to evaluate 
whether the climbing of a hypertensive patient 
might cause a risk for the myocardium. It is 
unfortunate that the study design was weak, but 
no effect was found in 19 participants [37]. 

However, although data are scarce, some con-
clusions may be drawn to advise hypertensive 
climbers. Experienced climbers showed a sys-
tolic blood pressure increase of about 13 mmHg, 
while novices showed even more [38]. From this, 
it may be concluded that good climbing tech-
nique is always advantageous to develop and 
learn, especially for hypertensive climbers. Near 
the individual limit, blood pressure will increase 
disproportionately during the climb and reduce 
post-climb [6, 36].

Checkup for a Hypertensive Climber
• History: Compliance? Check blood pressure 

recordings! Experience in climbing? Exercise- 
related symptoms? Secondary organ damage?

• Actual status: Blood pressure, body weight, 
heart, lungs, vessels, ocular fundus

• Laboratory: Creatinine, urine status
• Technical investigations: ECG at rest, 

ergometry, 24 h blood pressure
• In special situations/individual indication: 

Echocardiography (stress), thorax X-ray, 
ultrasound of the kidneys, etc.

There is no climbing limitation when blood 
pressure has been stabilized within a physiologi-
cal range, the diurnal rhythm is intact, blood 
pressure response is adequate to the respective 
exercise, and there are no secondary damages of 
organs (these might define a limitation) [6].

When the systolic blood pressure is higher 
than 160 mmHg, or diastolic above 100 mmHg, 
the situation should be handled with care. The 
climber may continue climbing but at a lower 
level until an adequate therapy has been estab-
lished. Overhanging routes should be strictly 
avoided for this period. However, if the pressure 
should be higher than 200  mmHg systolic and 
above 120 mmHg diastolic, any sport should be 
stopped until sufficient therapy has lowered such 
pressure into an acceptable range. Then, second-
ary damage of organs should be excluded before 
the continuation of climbing may be discussed 
[6]. If such damage should be identified, it should 
be considered whether they cause a limitation for 
climbing, or vice versa, whether climbing may 
worsen the damage. In most cases, it will be pos-
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sible to continue climbing at a “level of joy” with-
out competition and “pushing the limits.” Routes 
with significant overhangs should be avoided.

Although there are no data so far, a care-
ful view on the characteristics of the respective 
climb should be recommended. Maximal loads 
near or at the individual limit and therefore with 
and forced respiration during expulsion should 
be avoided. This would be especially the case in 
hard overhangs or roofs. Counterforce techniques 
(“Piazen”) would have a similar effect, although 
less pronounced. In contrast, slabs and walls 
would be beneficial.

For optimal therapy, there are international rec-
ommendations which will be regularly updated. 
Because maximal aerobic endurance exercise and 
maximal heart rate (HR) do not really play a signif-
icant role in sport climbing, the decrease of HRmax 
and VO2max by beta- blockers can be neglected. 
However, a careful follow-up of any update of 
the World Anti- Doping Agency (WADA) regula-
tions should be provided whether the ban of such 
drugs—actually limited to some disciplines, e.g., 
all shooting—may be expanded to climbing. Here 
beta-blockers do not decrease performance but 
increase it probably by a decrease of nervousness 
and anxiety. Then, the hypertensive climber with 
beta-blockers for therapeutic use needs a TUE cer-
tificate (“therapeutic use exception”) if a competi-
tion should be planned, the same for diuretic drugs 
if they are part of the therapy. All other antihyper-
tensive drugs are so far not critically concerning 
anti-doping rules.

17.4.2  Coronary Heart Disease (CHD)

There is an increase of cardiac emergencies with 
increasing age, also in active or sporting people 
independent from the discipline, although less 
than in sedentary persons (survey in [6]). CHD 
is one of the most important underlying diseases. 
It is less known that the positive predictive value 
of a single ergometry of an asymptomatic person 
is 55–65% only and increases only after several 
ergometries [39–41]. Gibbons et  al. found the 
overall cardiac complication rate for cycling 
ergometry in healthy adults to be 0.8 complica-

tions per 10,000 tests, though later the complica-
tions were nil for many years [10]. Scherer and 
Kaltenbach used ergometry testing in 712,285 
patients with predominantly CHD, and there were 
17 deaths and 96 life-threatening complications, 
most frequently regarding ventricular fibrillation 
[9]. The safety of various ergometry testing for 
this population has been refined and aids per-
sonalized exercise prescription and significantly 
improves the health of such patients [11].

Based on this data, most authors recommend 
to check persons who start with any sport at the 
age of about 40+, but a general screening of the 
symptom-free population doesn’t make any sense 
[41]. Consequently, this is also not included in 
most national or international guidelines.

Summary
• Limiting factor: Maximal workload (myo-

cardial) but not maximal workload of periph-
eral muscles like arms, hands, or legs. Length 
of the climb, especially when it is a hard one. 
Altitude (hypoxia), climate, and others

• Additional risk factors: Competition, “push-
ing the limits”

• Common mistakes: Inadequate technique 
will be compensated for by more muscular 
strength or an abrupt increase of climbing dif-
ficulty—both causing forced respiration dur-
ing expulsion.

However, the above recommendations need 
a modifying statement to calm these down. 
Thousands of elderly climbers, including those 
with CHD, visit climbing gyms regularly, and 
cardiac emergencies in sport climbing are 
extremely rare events. Limb reported no cardiac 
events at UK indoor climbing walls with over 1.7 
million users [42]. It should be reminded that the 
general exercise tolerance does not reflect the 
physiological situation when climbing. However, 
this is fortunately not exactly the problem for 
the climbing CHD patient. Such patients don’t 
need data concerning their maximum  workload; 
they need their so-called ischemic threshold. 
This is the pulse rate at the workload when first 
symptoms of CHD should occur or first typical 
changes of the ECG curve.
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Checkup for CHD Patients Who Climb
• History: Angina pectoris symptoms in the 

past? General and specific experience in 
sports? Medication?

• Actual status: Heart, lungs
• Laboratory: If applicable, parameters of 

blood clotting if the patient should take 
anticoagulants

• Technical investigations: ECG, ergometry 
with analysis of the “ischemic threshold,” 
echocardiography

• With individual indication only: 24 h ECG, 
stress echocardiography, X-ray thorax, myo-
cardial radio imaging, etc.

Data concerning the necessary exercise toler-
ance in sport climbing are scarce; most of them 
originate from very small collectives. Watts et al. 
recommend from their data encouraging ama-
teur climbers to tolerate a threshold of at least 
150/min [18]. Own data indicate a threshold of 
120–130/min. (Küpper, unpublished data). All 
recommendations include the precondition that 
exercise should not be performed at levels higher 
than 75–80% of the ischemic threshold [43, 44], 
which includes a safety margin.

When the climber wants to keep safe, he 
should respect the following principles. Any 
symptoms should be stabilized and adequately 
treated, and exercise tolerance should be suf-
ficient. To monitor the exercise, a pulse watch 
may be used with its alarm threshold set at 85% 
of the ischemic threshold. Note: Watches with 
a fingertip sensor and which measure only if 
the person puts the finger on this sensor are not 
acceptable. In general, climbing for fun should 
be the goal and not “pushing the limits” or 
competitions. Forced respiration during expul-
sion should be avoided whenever possible, and 
slabs or walls should be favored over roofs or 
overhangs. CHD patients should climb only if 
they feel completely well and must accept their 
individual limit of exercise tolerance. This is 
based on observations which indicate that pulse 
frequency is correlated with the difficulty of the 
respective climb [17]. HR is clearly lower on 
easier overhangs than on more difficult slabs 
and crimpy holds.

According to Gieseler (personal communica-
tion), a generally low risk can be assumed when 
left ventricular function is normal, ergometry 
fulfills age-adjusted normal values, exercise does 
not induce ischemia or complex arrhythmia, and 
relevant stenoses does not exist, but also after a 
non-complicated myocardial infarction when 
after 2–3 months climbing will be tried carefully 
and with slow increase of load.

Be careful if the HR during climbing is often 
at, or higher than, the ischemic threshold. If 
exercise- induced arrhythmia should occur, or in 
cold climate when cold-induced angina is known, 
the patient should stay for some minutes in mod-
erate cold before he enters the cold zone. Here 
any exercise should be increased step by step (as 
the high breathing volume of cold air is the trig-
ger of symptoms!).

No climbing when angina pectoris symp-
toms should occur at low exercise. When angina 
is not stable, in the case of severe ventricular 
dysfunction (ejection fraction <40%), patho-
logical decrease of blood pressure of more than 
15 mmHg during exercise, ST segment depres-
sion of more than 2 mm while exercising, resus-
citation after myocardial infarction with complex 
arrhythmia less than 6 months ago.

17.4.3  Arrhythmia

Again it must be stated that there are no specific 
studies for climbers. However, because emergen-
cies caused by arrhythmia are extremely rare in 
climbing gyms, it can be concluded that the risk 
should be quite low. A “healthy worker effect” 
may give additional risk reduction.

Summary
• Limiting factor: Maximal load (HR), but not 

or to a very limited extent maximum muscular 
force, length of the climb, endurance, altitude, 
climate, etc.

• Additional risk factor: Combination of some 
specific types of arrhythmia, e.g., in the case 
of arrhythmia absoluta and a thrombus in the 
atrium, a sudden increase of HR may mobilize 
the thrombus and cause a stroke.
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• Common mistake: Ignorance and missing 
the diagnosis of occasional “hops” (citation of 
a high-risk person who later was vitally endan-
gered by Torsade-des-Pointes arrhythmia!)

In sports medicine, the most important ques-
tion is whether the respective arrhythmia may 
become life-threatening for the patient (which 
would mean “no sports until the problem has 
been solved”). If this is excluded, the next ques-
tion is whether the arrhythmia may worsen dur-
ing exercise. Then the limit should be defined as 
described for CHD (see above) and which should 
not be exceeded by the patient during sports. 
Again the pulse watches as described above with 
alarm set at 85% of the defined threshold should 
be used.

Checkup for a Climber with Arrhythmia
• History: Cardial history (symptoms, collapse, 

etc.) general and specific sport experience, 
medication, etc.

• Actual status: Symptoms when working or 
exercising in daily routine?

• Laboratory: Normally not necessary, proba-
bly electrolytes

• Technical investigations: ECG, ergometry, 
24  h ECG, echocardiography (especially to 
detect atrial thrombus in the case of arrhyth-
mia absoluta)

• Individual indication only: Stress echocar-
diography, X-ray thorax, etc.

Concerning exercise tolerance the recom-
mended minimum values were already discussed 
in the chapter CHD (see above). In analogy one 
may call it “arrhythmogenic threshold.” Before 
any advice, the etiology of the respective arrhyth-
mia must be clear because arrhythmia is a symp-
tom and not a diagnosis. It is possible that the 
main limitation of the person is defined by the 
underlying disease and not by the risk caused by 
the arrhythmia.

A low risk may be assumed for climbers when 
there are some ventricular extrasystoles only 
which do not cause hemodynamic consequences, 
and when there are some supraventricular extra-
systoles without tendency for tachycardia or in 

the case of stable and hemodynamically non- 
relevant arrhythmia absoluta without thrombus in 
the atrium [6].

On the other hand, a high risk should be 
assumed if a pre-excitation syndrome was diag-
nosed, in the case of intermittent tachycardia 
independent from its cause and in the case of 
hemodynamically or complex arrhythmias. Of 
course, the question whether the patient is fit to 
climb again may be answered when the therapy 
has been proven to be sufficient [6].

Having a pacemaker, implanted defibrillator, 
or an event recorder, is not a general contraindi-
cation against climbing or sport in general. Here, 
the clinical situation is guiding. However, it must 
be considered that a harness or the belt of a ruck-
sack may apply pressure on the system, and this 
must be avoided [6]. With modern sport climbing 
harnesses, the former is not a problem anymore. 
However, about the latter, any patient should be 
informed. It is a misbelief that anticoagulant ther-
apy is an absolute contraindication against climb-
ing. Of course any bleeding of minor wounds will 
be prolonged, or hematoma will be larger. The 
danger for the patient, however, is intracranial 
bleeding. Therefore, the patients should wear a 
helmet without any exception, also indoors in the 
gym.

17.4.4  Cardiac Insufficiency 
and Valvular defects

Summary
• Limiting factor: Workload, not short maxi-

mal muscular forces
• Additional risk factors: Climbing at moder-

ate altitude
• Common mistakes: Ignorance and overconfi-

dence. Climbing with cardiac insufficiency 
means climbing for fun, not for “pushing the 
limits” or competition!

Again the advising physician must live with 
missing data and studies. However, there is con-
sensus that the climber should strictly avoid mas-
sive increases of blood pressure especially on 
longer athletic routes, routes near or beyond the 
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climber’s abilities, or the use of excessive force 
when climbing technique is lacking. Beyond that 
any advice orientates mainly on the cardiac exer-
cise capabilities. This will be usually classified 
according to the New  York Heart Association 
(NYHA) since 1928 (Table  17.1), although it 
has been modified several times [45, 46]. Again 
it must be noted that cardiac insufficiency is a 
symptom and not a diagnosis. The latter must be 
clear because it may cause the main limitation to 
the climber and not the insufficiency.

With Stage 1 high end climbing or competition 
climbing is limited significantly, but motivated 
recreational climbers will be able to continue 
their sport without major problems. Some of 
them may also join recreational competitions. A 
check by a cardiologist which includes an echo-
cardiography should be performed annually [6].

In Stage 2 competitions and athletic hard 
routes should be avoided. The limitation is too 
significant, and an acute problem at such high 
loads cannot be excluded for sure. Climbing for 
fun at walls or slabs should be possible without 
major problems in most cases [6].

In Stage 3 climbing is more or less dominated 
by social factors. Some easy short and sloped 
routes may be possible. Belaying is also possible; 
leading may be critical. Any kind of “pushing the 
limits” or competition is strictly forbidden.

Stage 4 limits the patient to look and meet oth-
ers when they are climbing, often with supple-
mental oxygen. The patient will not be able to 
climb anymore. This is not a question for sport 
medicine anymore [6].

Valvular defects are similar to cardiac insuffi-
ciency when seen from the viewpoint of exercise 
physiology. The advice will be therefore guided 
by the recommendations for cardiac insufficiency 
[6]. In the case of valvular transplant, the usual 
infection prophylaxis or consequent therapy of 
any infection is a must.

17.5  Pulmonary Diseases

Summary
• Limiting factors: Whole body load or maxi-

mal force, depending on age and type of pul-
monary disease. Avoid strictly forced 
respiration during expulsion when bullae are 
known or a pneumothorax has happened in the 
patient’s history! In the case of COPD or sili-
cosis, breathing minute volume or VO2 may 
define the limitation.

• Additional risk factors: Exercise with active 
infections in the respiratory system, ignorance 
of the problem or overconfidence

Again data are scarce. However, there are 
some studies concerning relevant parameters. 
In their already referenced papers, the groups of 
Watts and those of Mermier draw different con-
clusions from each other regarding the breathing 
volume and V O2 of motivated amateur climbers 
(which means difficulties up to UIAA grade VIII) 
and increases about three- to fourfold compared 
to resting values [18, 19]. In competition climb-
ers, Booth et al. (1999) found an six- to eightfold 

Table 17.1 NYHA classification [46], the most commonly used classification of heart failure in Germany since the 
guidelines were published in 2005 [50]

Class Definition
1 Heart disease with no limitation to any physical activity. Normal workload and 

daily routine does not cause undue exhaustion, arrhythmia, shortness of 
breath, or angina pectoris

2 Heart disease with a mild decrease of the exercise tolerance. No symptoms at 
rest. Normal daily activities and workload may cause exhaustion, arrhythmia, 
shortness of breath, or angina pectoris

3 Significant heart disease with marked decrease of exercise tolerance. No 
symptoms at rest, but easy exercise causes exhaustion, arrhythmia, shortness 
of breath, or angina pectoris

4 Heart disease with symptoms at rest and during all physical activity, bed 
confinement
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increase of the respective values. These studies 
give at least some evidence about the minimal 
requirements of the lung differentiated according 
to the sportive intention of the climber.

Checkup for a Climber with Pulmonary 
Disease
• History: Exact diagnosis of the disease, aller-

gies with symptoms of the respiratory system, 
exercise-dependent symptoms, general and 
specific sport experience, environmental fac-
tors (cold or exercise-induced asthma)

• Actual status: Actual exercise tolerance
• Labor: Red blood cell count, blood gases at 

rest and during exercise
• Technical investigations: Spiroergometry or, 

alternatively, ergometry with blood gas analysis 
at every loading increment, X-ray of the lungs
With individual indication only: CT thorax, 
exclusion of exercise-induced asthma (spi-
rometry before and 5–10  min after maximal 
exercise)

A low risk may be assumed and sport climb-
ing therefore continued when the symptoms have 
been therapeutically stabilized and the minimal 
criteria as described above are fulfilled [6].

A high risk with the consequence that climb-
ing should be stopped at least for a while until 
the situation has been stabilized, e.g., by drugs. 
This would be the case if the maximum breath-
ing volume or V O2 should be significantly lower 
than mentioned above. At least a modification of 
climbing toward less strenuous climbs will be 
necessary. Beyond this there is a significantly 
increased risk in the case of large bullae, recur-
ring spontaneous pneumothorax in the patient’s 
history, any acute decompensated or otherwise 
unstable situation, not or insufficiently treated 
exercise-induced asthma, cold-induced asthma 
without special advise how to handle that in the 
field, relevant hypoxemia when exercising, and 
severe pulmonary arterial hypertension (systolic 
>40 mmHg).

Extreme forced respiration during expul-
sion should be principally avoided, although 
there are only a few information about inci-
dences and which are all from other sports [47, 

48]. Climbing tactics should be adjusted to the 
sometimes significantly changing status of the 
patient. For asthma patients or those with COPD, 
this means that regular peak flow measurements 
should be performed and documented. With this 
simple self-test, the patient can monitor and be 
forewarned of any early worsening in asthma 
symptoms and adjust medication accordingly 
before the symptoms become much worse.

17.6  Renal Insufficiency

Summary
• Limiting factor: Fluid and electrolyte bal-

ance, but not style or intensity of climbing
• Additional risk factors: Hot climate/dehy-

dration, catabolic metabolism from training 
too hard

• Common mistakes: Ignorance of fluid or 
electrolyte balance, climbing during acute 
infections of the urinary system

Is renal function worsened by climbing? Direct 
effects are not expected, but indirect ones may occur. 
The etiology of the underlying condition should be 
diagnosed and—if possible—treated effectively. 
In the case of autoimmune diseases, although for-
tunately rare, an immuno- depressive therapy may 
be necessary creating limitations for several sports, 
and because additional infections may further harm 
the kidneys. The advice to the climber should be to 
comply with the severity of the disease.

The German classification system for renal 
insufficiency (Table 17.2) shows two subgroups 
for Class 3, and neither has any relevance on the 
advice given to the climber. In stadium 1 and 2, 
the patient will normally not have any problems 
when climbing. In stadium 3, the monitoring of 
fluid balance will be more and more important; 
in stadium 4, it is a must. If an arteriovenous 
shunt for dialysis is inserted, it must be protected 
against any trauma, also minor ones (cover it 
with soft material). Competition climbing is 
principally possible in most cases of stadium 1–3 
under optimal nephrological coaching. Ideally, 
the nephrologist is also a climber or has at least 
some personal experience in climbing.
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After a kidney transplantation, the transplant is 
not well protected somewhere deep in the body but 
quite superficially situated, and therefore there is 
a significant risk for injury. Here, the construction 
and the fitting of the climbing harness are of special 
importance. Most sit harnesses are constructed in a 
manner which applies pressure on the region where 
the transplant is located, especially in the case of a 
fall [49]. The advice here is to select a harness that 
fits perfectly on the lower part of the hip that avoids 
any lifting that might press on the transplant in the 
event of a fall. The fit should be checked regularly 
when climbing. If this is observed, there are no other 
medical contraindications to climb for those with 
kidney transplant [49].

17.7  Seizures

On the topic “seizures and sport climbing,” there 
are no systematic studies available. However, 
there is one international group of experts who 
has been working intensively about the topic 
“seizures and mountaineering” [13]. The follow-
ing statements are mainly based on their work but 
adapted slightly for sport climbing.

Summary
• Limiting factors: Risk caused by acute sei-

zures. During leading, risk of uncontrolled 
falls. During belaying, complete failure of the 

safety chain with the possibility of fatal falls 
of the leading climber

• Additional risk factors: Change of plasma 
concentrations of anticonvulsive drugs in very 
hot weather (=dehydration), mistakes in drug 
intake, and others

• Common mistakes: Underestimating of the 
potential danger when there were no seizures 
for a longer time

Check of Climbing Persons with Seizures
• History: Frequency of attacks? When was the 

last one? Is there an aura? Medication/
compliance?

• Actual status: Nothing special
• Laboratory: Normally not necessary, if indi-

cated drug monitoring
• Technical investigations: Normally not 

necessary

With this group of diagnoses, the tactics of 
climbing is of extraordinary importance. When 
bouldering near the ground, there should be a 
height which allows the drop and with a spot-
ter behind the climber—this is safe in nearly 
all situations. Take care that there are no big 
boulders nearby where the climber might land 
after a fall! When climbing on “French routes” 
where there is a bolt every 1 or 2 m, it is also 
safe for the patient to lead. Realistically, these 
are not real leads but more of a “self-established 
top-rope” as two bolts can be clipped from the 
same position and are in front of the climber’s 
body. In the case of a seizure during the lead, 
the belayer should let the climber down with 
controlled speed, while—if possible—another 
climber cares and protects the head of the 
victim.

The advice differs once the distance between 
bolts becomes longer. Here grounders (falls where 
the climber lands on the ground instead of in the 
rope/harness) are a special danger for persons 
with seizures. When sport climbing outdoors on 
rocks, the situation again is completely different. 
Here, the distances between the bolts are usually 
longer, and falls may be long. In such situations, 
leading is not recommended for persons with 
seizures. If abseiling should be necessary, it is 

Table 17.2 Differentiation of chronic renal insufficiency 
according to ICD-10

ICD-10 
code Description
N18.1 Chronic renal insufficiency, Stadium 1—

defect with normal or increased glomerular 
filtration rate (GFR 90 mL/min or more)

N18.2 Chronic renal insufficiency, Stadium 2—
defect with mild decreased glomerular 
filtration rate (GFR 60–90 mL/min)

N18.3 Chronic renal insufficiency, Stadium 3—
defect with moderate decreased glomerular 
filtration rate (GFR 30–60 mL/min)

N18.4 Chronic renal insufficiency, Stadium 4—
defect with significant decreased glomerular 
filtration rate (GFR 15–30 mL/min)

N18.5 Chronic renal insufficiency, Stadium 5—
chronic uremia, terminal renal insufficiency

T. Küpper and A. Morrison



235

possible for these patients; however, they should 
be belayed with another rope or by a companion 
who may put load on the rope to block the brake 
in the case of a problem of the patient.

The role of the belayer if he should suffer from 
a seizure is completely different as this may cause 
a complete failure of the safety chain. If seizure 
patients belay others, they should at least use 
fully automatic belaying systems (e.g., grigri).

The important question is how long an 
increased risk should be assumed and when limi-
tations may be eased. In contrast to urban traf-
fic, this has not been regulated by legislation. 
However, traffic regulations may usefully serve 
as a reference model since there are also danger-
ous situations that may arise if a person should 
become incapacitated when driving. Driving 
regulations differentiate several situations but 
also take into account that probably a car may 
put several persons at risk which is not the case 
in climbing. Therefore, a seizure-free period of at 
least 1 year may be used as benchmark to resume 
leading. In some cases, it may be possible to 
reduce this to 6 months when a specialist advises 
the patient and no seizures have occurred without 
drugs. For alpine climbing, the situation should 
be handled more strictly. Here, at least 2  years 
without seizures should be recommended.

It must be pointed out that these are consensus 
recommendations of specialists from 35 countries 
(UIAA Medical Commission) which were put 
together in all conscience from non- systematic 
studies, observations from practice and case 
reports. They are not evidence-based. It may be 
necessary to modify them if new studies should 
be available. The most recent version will be 
always found on the website of UIAA MedCom 
at www.theuiaa.org/medical_advise.html.

17.8  Conclusion

Most pre-existing diseases do not mean “stop 
climbing!” However, a detailed and specific 
assessment of the patient is a must, requiring a 
specific competence. It is advantageous if the 
advising physician is also a climber as many may 
not be aware of climbing’s unique physiology and 

thus unnecessarily advise terminating all climb-
ing participation, when all that may be needed is 
a slight modification to climbing participation. In 
this way, it is possible to retain the ongoing phys-
ical and mental health benefits of sport climbing 
for the patient, which also improves the symp-
toms and outcome of the disease itself.

References

 1. Liguori G.  In: (ACSM) ACoSM, editor. ACSM’s 
guidelines for exercise testing and prescription. 11th 
ed. Wolters Kluwer Health, Inc.; 2021.

 2. Zhang Y, Xu L, Yao Y, Guo X, Sun Y, Zhang J, et al. 
Effect of short-term exercise intervention on cardio-
vascular functions and quality of life of chronic heart 
failure patients: a meta-analysis. J Exerc Sci Fit. 
2016;14(2):67–75.

 3. Pescatello LS, MacDonald HV, Lamberti L, Johnson 
BT. Exercise for hypertension: a prescription update 
integrating existing recommendations with emerging 
research. Curr Hypertens Rep. 2015;17(11):87.

 4. Engbert K, Weber M. The effects of therapeutic climb-
ing in patients with chronic low back pain: a random-
ized controlled study. Spine. 2011;36(11):842–9.

 5. Karg N, Dorscht L, Kornhuber J, Luttenberger 
K. Bouldering psychotherapy is more effective in the 
treatment of depression than physical exercise alone: 
results of a multicentre randomised controlled inter-
vention study. BMC Psychiatry. 2020;20(1):116.

 6. Küpper T, Morrison A, Gieseler U, Schöffl V. sport 
climbing with pre-existing cardio-pulmonary medical 
conditions. Int J Sports Med. 2009;30:395–402.

 7. Sheel AW, Seddon N, Knight A, McKenzie DC, DE 
RW. Physiological responses to indoor rock-climbing 
and their relationship to maximal cycle ergometry. 
Med Sci Sports Exerc. 2003;35(7):1225–31.

 8. Sheel AW.  Physiology of sport rock climbing. Br J 
Sports Med. 2004;38(3):355–9.

 9. Scherer D, Kaltenbach M. [Frequency of life- 
threatening complications associated with exercise 
testing (author’s transl)]. Dtsch Med Wochenschr 
1979;104(33):1161–1165.

 10. Gibbons L, Blair SN, Kohl HW, Cooper K.  The 
safety of maximal exercise testing. Circulation. 
1989;80(4):846–52.

 11. Fletcher GF, Ades PA, Kligfield P, Arena R, Balady 
GJ, Bittner VA, et  al. Exercise standards for testing 
and training: a scientific statement from the American 
Heart Association. Circulation. 2013;128(8):873–934.

 12. Milledge J, Küpper T. Consensus Statement of the 
UIAA Medical Commission Vol. 13: People with 
pre-existing conditions going to the mountains. Bern/
Switzerland: The Medical Commission of the Union 
Internationale des Associations d’Alpinisme (UIAA); 
2008. www.theuiaa.org/medical_advice.html.

17 Sport Climbing with Pre-existing Medical Conditions

http://www.theuiaa.org/medical_advise.html
http://www.theuiaa.org/medical_advice.html.


236

 13. Angelini C, Giardini G. Consensus Statement of the 
UIAA Medical Commission Vol. 16: Travel to altitude 
with neurological disorders. Bern/Switzerland: The 
Medical Commission of the Union Internationale des 
Associations d’Alpinisme (UIAA); 2009.

 14. Donegani E, Hillebrandt D, Windsor J, Küpper T, 
Gieseler U, Rodway GW.  Consensus statement of 
the UIAA Medical Commission Vol. 21: People with 
pre-existing cardiovascular conditions going to the 
mountains. Bern/Switzerland: Union International 
des Associations d’Alpinisme, Medical Commission; 
2012. www.theuiaa.org/medical_advice.html.

 15. Donegani E, Hillebrandt D, Windsor J, Gieseler U, 
Rodway GW, Schöffl V, et al. People with pre- existing 
cardiovascular conditions going to the mountains con-
sensus statement of the medical commission of the 
Union Internationale des Associations d’Alpinisme 
(UIAA MedCom). Travel Med Inf Dis (TMAID). 
2014;12(3):237–52.

 16. Hillebrandt D, Gurtoo A, Küpper T, Richards P, 
Schöffl V, Shah P, et al. UIAA medical commission 
recommendations for mountaineers, hillwalkers, trek-
kers, and rock and ice climbers with diabetes. High 
Alt Med Biol. 2018.

 17. Watts PB. Physiology of difficult rock climbing. Eur J 
Appl Physiol. 2004;91(4):361–72.

 18. Watts PB, Daggett M, Gallagher P, Wilkins 
B.  Metabolic response during sport rock climbing 
and the effects of active versus passive recovery. Int J 
Sports Med. 2000;21(3):185–90.

 19. Mermier CM, Robergs RA, McMinn SM, Heyward 
VH. Energy expenditure and physiological responses 
during indoor rock climbing. Br J Sports Med. 
1997;31(3):224–8.

 20. Williams ES, Taggart P, Carruthers M. Rock climb-
ing: observations on heart rate and plasma catechol-
amine concentrations and the influence of oxprenolol. 
Br J Sports Med. 1978;12(3):125–8.

 21. Mermier CM, Janot JM, Parker DL, Swan 
JG.  Physiological and anthropometric determinants 
of sport climbing performance. Br J Sports Med. 
2000;34(5):359–65; discussion 66

 22. Booth J, Marino F, Hill C, Gwinn T. Energy cost of 
sport rock climbing in elite performers. Br J Sports 
Med. 1999;33(1):14–8.

 23. Limonta E, Brighenti A, Rampichini S, Ce E, Schena 
F, Esposito F. Cardiovascular and metabolic responses 
during indoor climbing and laboratory cycling exer-
cise in advanced and elite climbers. Eur J Appl 
Physiol. 2018;118(2):371–9.

 24. Maron BJ, Levine BD, Washington RL, Baggish 
AL, Kovacs RJ, Maron MS.  Eligibility and dis-
qualification recommendations for competitive ath-
letes with cardiovascular abnormalities: task force 
2: preparticipation screening for cardiovascular 
disease in competitive athletes: a scientific state-
ment from the American Heart Association and 
American College of Cardiology. J Am Coll Cardiol. 
2015;66(21):2356–61.

 25. Boden BP, Breit I, Beachler JA, Williams A, Mueller 
FO.  Fatalities in high school and college football 
players. Am J Sports Med. 2013;41(5):1108–16.

 26. Gouttebarge V, Ooms W, Tummers T, Inklaar 
H.  Mortality in international professional football 
(soccer): a descriptive study. J Sports Med Phys 
Fitness. 2015;55(11):1376–82.

 27. Morentin B, Suarez-Mier MP, Monzo A, Molina P, 
Lucena JS. Sports-related sudden cardiac death due to 
myocardial diseases on a population from 1–35 years: 
a multicentre forensic study in Spain. Forensic Sci 
Res. 2019;4(3):257–66.

 28. Roberts JA.  Viral illnesses and sports performance. 
Sports Med (Auckland, NZ). 1986;3(4):298–303.

 29. Breinholt JP, Moulik M, Dreyer WJ, Denfield SW, 
Kim JJ, Jefferies JL, et  al. Viral epidemiologic 
shift in inflammatory heart disease: the increasing 
involvement of parvovirus B19  in the myocardium 
of pediatric cardiac transplant patients. J Heart Lung 
Transplant. 2010;29(7):739–46.

 30. Kindermann I, Ukena C, Mahfoud F, Böhm M, Yilmaz 
A, Klingel K.  Myokarditis-update. Kardiologe. 
2016;10(5):311–30.

 31. Yilmaz A, Klingel K, Kandolf R, Sechtem U. A geo-
graphical mystery: do cardiotropic viruses respect 
national borders? J Am Coll Cardiol. 2008;52(1):82; 
author reply-3.

 32. Küpper T, Schraut B, Rieke B, Schöffl V, Steffgen J. 
Drugs and drug administration in extreme climates. J 
Travel Med. 2006;13(1):35–47.

 33. Löllgen H. Bedeutung und Evidenz der kör-
perlichen Aktivität zur Prävention und Therapie 
von Erkrankungen. Dtsch Med Wochenschr. 
2013;138(1):1–8.

 34. Löllgen H, Dickhuth HH, Dirschedl P. Vorbeugung 
durch körperliche Bewegung. Dt Ärztebl. 
1998;95(24):B1228–B34.

 35. Löllgen H, Gerke RJ, Steinberg T. Der kar-
diale Zwischenfall beim Sport. Dt Ärztebl. 
2006;103(23):B1382–B7.

 36. Küpper T. Sportklettern mit Hypertonie. In: Kupper 
T, Ebel K, Gieseler U, editors. Moderne Berg- und 
Höhenmedizin. 2nd. ed. Stuttgart: Gentner Verlag; 
2011. p. 563–5.

 37. Aras D, Akalan C, Koz M, Ileri M. Does long term 
sport rock climbing training affect on echocar-
diography and heart rate variability in sedentary 
adults? A randomized, and controlled study. IJAEP. 
2016;5(5):26–35.

 38. Ferguson RA, Brown MD. Arterial blood pressure and 
forearm vascular conductance responses to sustained 
and rhythmic isometric exercise and arterial occlusion in 
trained rock climbers and untrained sedentary subjects. 
Eur J Appl Physiol Occup Physiol. 1997;76(2):174–80.

 39. Samek L, Löllgen H.  Belastungs-EKG: 
Ischämiediagnostik. In: Lollgen H, Winter HJ, Erdmann 
E, editors. Ergometrie—Belastungsuntersuchungen 
in Klinik und Praxis. Berlin/Heidelberg: Springer 
Verlag; 1995. p. 111–26.

T. Küpper and A. Morrison

http://www.theuiaa.org/medical_advice.html


237

 40. Löllgen H. Kardiopulmonale Funktionsdiagnostik 
[Cardiopulmonary function diagnosis]. 2. Aufl. ed. 
Basel: Ciba; 1990.

 41. Lollgen H, Winter UJ. Ergometrien in der 
Prävention—Reihenuntersuchungen. In: Lollgen 
H, Winter UJ, Erdmann E, editors. Ergometrie—
Belastungsuntersuchungen in Klinik und Praxis. 
Berlin/Heidelberg: Springer Verlag; 1995. p. 319–22.

 42. Limb D.  Injuries on British climbing walls. Br J 
Sports Med. 1995;29(3):168–70.

 43. Hollmann W, Hettinger T. Sportmedizin, Grundlagen 
für Arbeit, Training und Präventivmedizin. Stuttgart: 
Schattauer; 2000.

 44. Morgan BJ, Alexander JK, Nicoli SA, Brammell 
HL. The patient with coronary heart disease at alti-
tude: observations during acute exposure to 3100 
meters. J Wilderness Med. 1990;1:147–53.

 45. (anonymous). The criteria committee of the New York 
Heart Association. Diseases of the heart and blood 
vessels: nomenclature and criteria for diagnosis. In: 
N.N., editor. The Criteria Committee of the New York 
Heart Association diseases of the heart and blood ves-

sels: nomenclature and criteria for diagnosis. 6th. ed. 
Boston, MA: Little Brown; 1928.

 46. (anonymous). The Criteria Committee of the 
New  York Heart Association. Nomenclature and 
Criteria for Diagnosis of Diseases of the Heart and 
Great Vessels. In: N.N., editor. The Criteria Committee 
of the New  York Heart Association Nomenclature 
and Criteria for Diagnosis of Diseases of the Heart 
and Great Vessels. 9th ed. ed. Boston, Mass.: Little, 
Brown & Co; 1994. p. 253–6.

 47. Sadarangani S, Patel DR, Pejka S. Spontaneous pneu-
momediastinum and epidural pneumatosis in an ado-
lescent precipitated by weight lifting: a case report 
and review. Phys Sportsmed. 2009;37(4):147–53.

 48. Davis PF.  Primary spontaneous pneumothorax in a 
track athlete. Clin J Sport Med. 2002;12(5):318–9.

 49. Welch TR. Climbing harness fit in kidney transplant 
recipients. Wilderness Environ Med. 1999;10(1):3–5.

 50. Hoppe UC, Böhm M, Dietz R, Hanrath P, Kroemer 
HK, Osterspey A, et  al. Leitlinien zur Therapie der 
chronischen Herzinsuffizienz (2005). Z Kardiol. 
2005;94:488–509.

17 Sport Climbing with Pre-existing Medical Conditions



239© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
V. Schöffl et al. (eds.), Climbing Medicine, https://doi.org/10.1007/978-3-030-72184-8_18

Sport Climbing During Pregnancy

T. Küpper and A. Morrison

T. Küpper (*) 
Institute of Occupational, Social and Environmental 
Medicine, RWTH Aachen Technical University, 
Aachen, Germany
e-mail: tkuepper@ukaachen.de 

A. Morrison 
Royal Free London NHS Foundation Trust, 
London, UK

18

Isabelle Schöffl in the first ascend of “Dreamcatcher”,
Na Pha Daeng, Laos, Photo Volker Schöffl

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-72184-8_18&domain=pdf
https://doi.org/10.1007/978-3-030-72184-8_18#DOI
mailto:tkuepper@ukaachen.de


240

With its low risk of trauma, broad variety of 
moves, freedom to choose the individual load 
intensity, and technical difficulty, sport climbing 
developed into a popular recreational and compe-
tition sport [1]. Many years ago, climbing during 
pregnancy was considered to be a “no go” as data 
was sparse. The sport was also subjectively per-
ceived as being a high-risk activity, even though 
significant objective data demonstrated its safety 
and low risk of injury and trauma compared with 
other sports (e.g., contact sports). The majority 
of medical professionals do not have an appre-
ciation or understanding of the risks involved in 
the sport, and how they can be managed. The aim 
here is to provide information about sport climb-
ing during pregnancy to care for the mother and 
fetus without being too restrictive.

It is now broadly encouraged that women with 
uncomplicated pregnancies should be encour-
aged to continue their aerobic and strength- 
conditioning exercises before, during, and after 
pregnancy, albeit with some modification due to 
anatomic and physiologic changes, type of exer-
cise, and fetal requirements [2].

There is considerable medical literature about 
sports and pregnancy—but not including the dif-
ferent disciplines of climbing. However, even 
with this wealth of data in other sports, the qual-
ity of studies is often limited and subject to a 
more or less significant bias [3]. This includes the 
effect of physical exercise of moderate to vigor-
ous intensity and frequency in the different tri-
mesters as additional independent variables [4].

Some exercises that are recognized as safe 
for women with uncomplicated pregnancies 
who participated in such exercise previously in 
a meta-analysis include swimming, yoga (modi-
fied), pilates (modified), and strength training in 
consultation with an obstetric care provider [4]. 
This is also true for moderate strength training 
which shows some biomechanical similarities 
to sports climbing [5–9]. There are few mater-
nal medical conditions where aerobic exercise is 
absolutely contraindicated [2]. However, sports 
featuring sudden deceleration or risk of collision 
are to be avoided—e.g., downhill ski racing, ice 
hockey, equestrian activities, pole vaulting [10].

With respect to sport climbing exercise, it 
should be differentiated whether the pregnant 
woman is an experienced climber or not. The 
former can continue climbing with some minor 
constrains, and the latter should be advised not 
to start climbing until the pregnancy has been 
completed. This strategy is recommended for 
any sport with complex strong and supple moves, 
(potential) risk of trauma, requirement for expe-
rience in using specialist equipment and tech-
niques for safety (e.g., belaying and abseiling), 
and increased intra-abdominal pressure or which 
shows characteristics of competition.

Sports to be avoided for physiological reasons 
include diving as the fetus is not protected from 
decompression problems which risks malforma-
tion and gas embolism after decompression dis-
ease. Sport climbing or training at high altitude 
also presents physiological challenges, a topic 
discussed later.

All recommendations provided below are for 
active and experienced sport climbing women 
with uncomplicated pregnancies. The pathbreak-
ing principle is the question of how the woman 
feels. In the case of a high-risk pregnancy, any 
advice depends significantly on the individual 
risk and also on the mentality of the woman and 
her need for security. Such advice would fall 
beyond the scope of this paper.

18.1  Synopsis

Specific factors of sport climbing with relevance 
for pregnant women are the following:

• Experienced climber with uncomplicated 
pregnancy

• Risk of trauma
• Level of exertion
• Abdominal pressure applied by the sit harness 

vs. whole body harness
• Stage (first, second, or third trimester)
• Shift of the body’s center of gravity during 

pregnancy
• Reduced stability of ligaments and joints
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Principally, there is a need to weigh the advan-
tages of continued sport participation during 
pregnancy against the possible disadvantages or 
risks. There are clear advantages to any woman 
who continues to exercise during her pregnancy: 
increase of psychological and physical well- 
being, better weight control, a reduction of gesta-
tional diabetes by almost 50% and a decrease of 
the risk of pre-eclampsia by about 40%, a lower 
incidence of preterm birth and Cesarean birth, 
and also an improvement of other factors, e.g., 
quality of sleep and less gestational depression 
[6, 10–18].

Three meta-analysis found that birth weights 
between those who exercised during pregnancy, 
or did not, was minimal to none. However, those 
who exercised “vigorously” during the third tri-
mester were more likely to deliver infants weigh-
ing 200–400  g less than comparable controls, 
although there was not an increased risk of fetal 
growth restriction [2]. Vigorous was defined as 
up to 85% of capacity, though it is still not known 
what absolute level of intensity and duration, or 
both, that if exceeded could place the fetus at risk.

Trained women may continue their exercise 
during pregnancy and can realize significant 
strength gains [10, 19]. Table  18.1 provides an 
overview of the relative and absolute contra-
indications and warning signs which should be 
considered.

The risk of trauma is very low in sports climb-
ing compared to other sports—e.g., the injury 
incidence is significantly lower than in contact 
sports or even school volleyball. Table 18.2 pro-
vides more detail. Most of the injuries sustained 
in sports climbing are of minor severity [20]. 
Prolonged medical treatment or in-patient treat-
ment is extremely rare in relation to the large 
number of climbers [1, 21, 22]. The injury inci-
dence in pregnant versus non-pregnant women 
was marginally higher, 0.28 versus 0.23/10.000 h 
of climbing, respectively, but all of these injuries 
were again of very minor severity, and such data 
are scarce [20]. The annual accident statistics of 
the German Alpine Club and others show that 
more than 50% of all severe accidents in sports 
climbing are caused by significant mistakes and 
failures during belaying [23]. This reinforces 

the need that all climbers—pregnant or not—
must always have regard for perfect belaying 
technique.

Table 18.1 Relative and absolute contraindications for 
sport climbing during pregnancy and warning symptoms 
(Modified and amended from ACOG Committee Opinion, 
2020)

Relative 
contraindication

Absolute 
contraindication

Warning 
symptoms

Severe anemia Incomplete 
closure of the 
cervix

Vaginal 
bleeding

Extreme 
underweight 
(anorexia)

Persistent 
bleeding in the 
second or third 
trimester

Dizziness or 
sight disorder

Not clarified 
arrhythmia of the 
mother

Premature 
rupture of the 
membranes

Headache

Chronic bronchitis Gestational 
hypertension

Thoracal pain, 
palpitations, 
conspicuous 
fatigue

Stress-induced 
asthma

Cardial disease 
with significant 
hemodynamic 
effect

Muscular 
weakness 
affecting 
balance

Heavy smoking Restrictive 
pulmonary 
disease

Dyspnea 
before onset 
of exercise

Any of the 
following 
situations if not 
stabilized 
perfectly: Type 1 
diabetes, 
hypertension, 
seizures, 
preeclampsia, 
hyperthyreosis

Multiple 
high-risk 
pregnancies or 
preterm birth

Edemas of the 
lower leg until 
deep vein 
thrombosis 
has been 
excluded

Orthopedic 
limitations

Placenta previa 
later than week 
26

Reduced fetal 
activity

Couch potato Premature 
uterine 
contractions

Premature 
uterine 
contractions 
or abdominal 
pain

Intrauterine 
retardation

Outflow of 
amniotic 
liquor

Patent foramen 
ovale with 
significant 
right-left shunt

Sudden onset 
of edemas of 
the ankle, 
face, or hands
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Generally, it is recommended that pregnant 
women should avoid disciplines with increased 
risk for trauma. Compared to other sports, the 
risk of injuries in sports climbing is very low 
(Table  18.2). Additionally, it should be pointed 
out that most of the few injuries which occur 
are minor (e.g., abrasions or wounds), which 
do not require professional medical care with a 
score of NACA I or NACA II, and no fatalities 
[20, 24, 25]. However, there are some consider-
ations which may reduce this risk further. First 
of all, climbing during pregnancy does not mean 
“pushing your limits” or competition climb-
ing. During pregnancy, other aspects prevail as 
there are social factors and activity and exercise 
in general. Top rope belaying and avoiding the 
“sharp end” of the rope also increase the safety 
for the women although the height of a fall is 
usually low in sports climbing, and the bolts are 
perfectly fixed. Special care should be given to 
avoid “grounders” (falls to the ground), a type 
of accident which is still needlessly common in 
climbing gyms [23].

In general, the environment of an indoor climb-
ing gym is safer than outdoor climbing where 
there are objective risks like breaking handholds, 
rock fall, scree, and others. However, other risks 

are present at climbing gyms—crowded halls and 
mass gatherings especially in early evening or at 
weekends. Here, climbers should take care to be 
socially distanced to minimize collision accidents 
when a climber falls from above or nearby [23].

A specific problem for pregnant climbers 
concerns the risk of trauma by wearing a sport 
climbing harness. In the first trimester, the fetus 
is situated completely within the pelvis, and 
this protects it as a knight’s armor would do. 
Therefore, there is no problem with the fitting 
of the harness. During the second trimester, the 
abdomen will enlarge and emerges from the pro-
tective pelvis presenting two problems. The first 
concerns a shift forward of the center of gravity, 
a change in postural balance which will often 
go unnoticed and uncompensated for some long 
time by the women because it develops slowly. 
For example, falling is a common cause of injury 
in the general pregnant population as pregnant 
woman are two to three times more likely to 
fall compared to non-pregnant women due to 
changes in center of gravity and joint laxity [10]. 
The climber’s growing bump and larger breasts 
will push her further away from the wall influ-
encing both grip and footwork. Try climbing 
with more “open” positions rather than twisting, 

Table 18.2 Injury and trauma risk of several sport disciplines. Note: The table does not give any information about the 
severity of the respective injuries (Modified and amended from [20, 21, 24, 46–48])

Discipline
Accidents per 1000 h of 
activity Discipline

Accidents per 1000 h of 
activity

Rugby, amateurs 283 Soccer National League 
Germany

3.10

Rugby, professionals 150 Competition climbing 3.10
Ice hockey, professionals 83 Triathlon 2.50
Rugby, youth 57 Boxing 2.00
Handball, women 50 Mountain biking 1.00
Soccer, champions league 31.6 Ski/Snowboard (downhill) 1.00
“Classic” mountaineering, 
1980s

37.5 Nordic walking 0.90

Motorbike sport 22.4 “Classic” mountaineering, 
2010s

0.56

American football 15.7 Wind surfing 0.41
Sailing 8.8 Sport climbing 0.027–0.079
Polo 7.8 Sport climbing, men 0.19
Kite surfing 7.0 Sport climbing, women 0.23
Volleyball at school 6.7 Sport climbing, pregnant 

women
0.28

Ice climbing 4.07
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deep bending, or crunch moves as the pregnancy 
progresses. The second problem that may arise is 
that the climbing harness may cause direct pres-
sure on the lower abdomen, especially in the case 
of a fall, though there is no data. Nevertheless in 
the third trimester, the woman should consider 
switching to using a classic whole-body harness 
where the abdominal strap is located extremely 
low. Wearing one when abseiling or being 
 lowered can feel awkward and “pushed out” as 
the woman’s center of balance will be moved as 
the rope is tied in at the chest and not the waist as 
with a sport climbing harness.

Some women develop edema, including to the 
feet, especially in the third trimester [10]. This 
may necessitate the need for new climbing shoes. 
Generally, comfortable climbing shoes which 
do not constrict are recommended [26]. Edema 
may be linked to pre-eclampsia and hypertension 
which should be investigated; however, there is 
no published data linking edema to prenatal exer-
cise [10].

The normal course of pregnancy causes sig-
nificant physical and metabolic load for the body 
which necessitates regular rests. Resting cardiac 
output increases by 50% [6, 27], and tidal volume 
and minute volume also increase significantly [6, 
28]. Add to this a steadily increasing rise in the 
diaphragm’s position, and it is not surprising that 
many pregnant women complain about shortness 
of breath, especially when exercising [6, 29]. 
Unlike cycling or running where exercise pro-
grams can simply prescribe a steady state heart 
rate to aim for, this steady state goal has never 
been applied to sport climbing whether pregnant 
or not as it is short bursts of intermittent exer-
cise. When feeling breathless or uncomfortable, 
climbers generally enjoy a break at an early stage 
of such complaints [26]. For any kind of sports 
or work, pregnant women should know that any 
subjective estimation of load by pulse rate is not 
reliable during pregnancy and that the load is sig-
nificantly higher than the subjective estimation 
would be [6, 30].

The increase of body weight and changes on 
the angles of the joints may cause significant 
musculoskeletal adjustments and loads [6]. The 
stress of the knees and the hip joints may increase 

by 100%. This may worsen preexisting instabili-
ties or defects of these joints. Physiologically, 
the different hormonal pattern during pregnancy 
causes an increasing relaxation of the ligaments. 
Overload problems of the shoulders, ankles, and 
fingers in pregnant climbers were found [31, 32]. 
Some research found a general increased risk for 
injuries of the ligaments around the ankles in 
women, independent of pregnancy [20], while 
others did not [31]. Therefore, the influence of 
relaxed ligaments on the injury risk of pregnant 
women is somehow unclear. So far there is a 
lack of studies on sportive pregnant women [6]. 
Nevertheless, good climbing technique is rec-
ommended to avoid damages of ligaments and 
joints.

Choosing an appropriate climbing route is 
very important. First of all, to avoid “pushing the 
limits” means that the climb should be at least 
one grade easier (better two) than the woman 
was able to climb before her pregnancy. If she 
climbs routes which she already knows, this will 
further reduce the load and therefore the strain on 
her body. She should also not climb overhangs 
or roofs to avoid a significant increase of intra- 
abdominal pressure and favor slabs. High intra- 
abdominal pressure may decrease stability of the 
pelvic floor, and then problems like incontinence 
or prolapse may occur [6].

One of the rare studies concerning pregnant 
women climbers revealed some very interesting 
and relevant results, with the following figures 
reported as an average and the range in brack-
ets [1]. The study group consisted of experienced 
climbers who had climbed for 11.1 years [2–21] 
before pregnancy, and 55.6% were normally 
leading. In the main, they continued climbing for 
6.3  months of their pregnancy and were belay-
ing for 5.8 months [2–9]. There was an inverse 
relationship whereby every 3 months the portion 
of women leading climbs decreased significantly, 
while top rope belaying increased. The climbing 
grade difficulty while leading decreased in the 
first trimester to 6.3 (4.00–9.33, UIAA decimal 
scale), to 5.8 (4.33–7.33) in the second trimes-
ter, and to 5.1 (4.33–7.33) in the third. The ten-
dency was similar in top roping or seconding: 
6.7 (4.33–8.0), 6.3 (4.00–7.66), and 5.6 (4.00–
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7.66), respectively. The frequency of climbing 
also decreased from 32.2  h/month before preg-
nancy to 20.6  h in the first trimester, 16.3  h in 
the second, and 6.1 h in the third. These women 
did not receive any sport-specific advice, and yet 
the majority instinctively adapted their climbing 
exercise with their pregnancy to meet the same 
advice a doctor or midwife who is experienced 
climber would give. This also indicates that the 
acceptance of specific advice should be high in 
contrast to other situations in daily life. Those 
women who stopped climbing because of the 
pregnancy did so because of fear or unsureness 
concerning health of the fetus (33.9%), and in 
7.1% they were pressed by their partner to do so. 
Both these reasons would indicate seeking pro-
fessional medical advice to allay any concerns.

When the recommendations given above 
were followed, no negative consequences from 
the climbing activity on the fetus were found 
[1]. However, data are sparse. There is only 
one study available where this was investigated 
more in detail [33]. The study group consisted 
of 81% (N = 32) who were primipara (single-
ton pregnancy), and had a mean climbing expe-
rience of 9  years [2–24]. About half of them 
climbed until the third trimester, and 90% of 
them with reduced intensity. With a mean dura-
tion of pregnancy of 39.5  weeks (+/−1.7), a 
mean birth weight of 3543gr (+/−403) and a 
size of 50.9 cm (+/−2.1) of exclusively healthy 
and completely developed babies were born 
after a normal duration of pregnancy. Two 
women gave birth at week 36, but there was no 
connection to their climbing activity.

Pregnant women should be made aware of 
environmental factors. It does not make any sense 
to climb in extreme heat [34]. They should also 
care for good fluid balance to optimize peripheral 
and placental perfusion.

Since there are sport climbing facilities not 
only at sea level but also at altitude in alpine 
villages, some notes are added here concerning 
altitude sojourns of pregnant women, especially 
if they do some exercise. Again we are only 
considering otherwise healthy women without a 
high- risk pregnancy here. Any recommendations 
are limited as most studies researched pregnant 

indigenous populations who live permanently at 
high altitude (e.g., Tibetans) and whose genera-
tions of genetics will increase placental blood and 
oxygen supply to protect the fetus. Knowledge of 
pregnant lowlanders with acute exposure at mod-
erate altitude (hours), exercising or not, is scarce 
(Leal et al., 2008).

We exclude the topic altitude diseases here 
for two reasons: (1) there are no gender-depen-
dent differences concerning incidence, symp-
toms, prevention, and therapy of acute mountain 
sickness (AMS) [35] and (2) because pregnant 
women should prevent any altitude-related prob-
lem by adequate altitude profiles even more than 
non-pregnant people.

With respect to altitude medications and 
exotic locations, the use of acetazolamide is 
contraindicated during the first trimester (risk of 
teratogenicity) and after 36 weeks of pregnancy 
(risk of severe neonatal jaundice). Some drugs 
used for prophylaxis or treatment are also contra-
indicated during pregnancy: most antimalarials, 
quinolones, sulfonamide, and others [36].

Exercise presents competition for oxygen-
ated blood supply to go to working muscles and 
the placenta, so there’s a risk of fetal hypoxia or 
preterm labor [36]. Short stays without exercise, 
whether a few hours to a few days, are very low 
risk up to 2500 m, but no data is available. Long 
stays without exercise above 2500 m for weeks 
or months presents a higher maternal incidence 
of hypertension, pre-eclampsia, and placental 
abruption; and for the fetus there is intra-uterine 
growth retardation during the third trimester 
and low birth weight [36]. It is suspected there 
is a higher incidence of spontaneous abortion 
in the first trimester, but not proven [36]. The 
most commonly reported pregnancy complica-
tion by visitors to Colorado obstetrical care is 
preterm labor and bleeding complications [35]. 
Therefore, if the climber experienced difficulty 
becoming pregnant, it is recommended that she 
avoid high altitude.

There is no reason for any concern that the 
fetus may be in trouble if the woman goes to 
moderate altitude. For years it is well known that 
neurohumoral factors protect the fetus at rest and 
during exercise of the mother [37, 38]. An addi-
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tional effect is caused by the hyperventilation of 
the mother which slightly overcompensates the 
effect of the reduced oxygen partial pressure at 
least up to 3100 m [39, 40]. Thousands of ski-
ers prove these findings every winter. The fear 
that fetal growth retardation may occur has been 
proven for high altitude and prolonged stay only 
[41]. This can be neglected for sport climbing 
facilities in the European Alps.

The Medical Commission of the International 
Mountaineering and Climbing Federation 
(UIAA) gives conservative recommendations 
compared to the USA: acclimatized pregnant 
women may stay at 3000 m without any problem 
(USA: 4000 m). Significant exercise or workload 
should not be performed higher than 2500 m [36, 
42, 43]. Other authors are even stricter—without 
supporting this by data—and recommend a limit 
of 1500–2000  m for significant workload [10, 
44]. However, all such recommendations are ful-
filled by sport climbing facilities in the European 
Alps and at most other places worldwide. There 
is a general consensus that above 2500 m any sig-
nificant exercise should be started after 3–4 days 
of acclimatization only to avoid concurrency 
between the working muscles with the perfusion 
of the placenta [36, 41, 42, 45]. For the same 
reason, pregnant women should avoid hard exer-
cise above 3000 m. It should be noted that these 
UIAA consensus recommendations were given 
by specialists from 35 countries which were 
established to their best knowledge because of a 
lack of good studies.

18.2  Conclusion

Extensive global literature strongly supports 
women with uncomplicated pregnancies to con-
tinue their aerobic and strength-conditioning 
exercises before, during, and after pregnancy, 
albeit with some modification due to anatomic 
and physiologic changes, type of exercise, and 
to fetal requirements. Experienced and active 
climbers with uncomplicated pregnancies can 
continue climbing throughout their pregnancy. 
Those who haven’t climbed previously should 

wait until after their pregnancy before begin-
ning. Sport climbing overall has a low incidence 
of injury, with the majority of injuries minor 
in severity (NACA I or NACA II). The risk of 
trauma is very low in sports climbing compared 
to other sports (e.g., contact sports). Though data 
specifically on pregnant climbers is sparse, most 
pregnant climbers already instinctively adopt the 
recommendations presented in this paper, while 
others unnecessarily stop early as unsure about 
whether it is safe to continue as there is very lim-
ited data to inform this specifically. Sport climb-
ing is also often incorrectly and subjectively 
perceived as being a high-risk activity by medical 
professionals who do not understand or have an 
appreciation of the sport and the ways to manage 
the risks. This paper presents those risks and how 
they can be modified. This includes selecting 
your routes carefully, avoiding climbing roofs 
and overhangs, not pushing your climbing grade, 
and considering switching to a whole body har-
ness in the third trimester.
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19.1  Introduction

In the advent of the inclusion of climbing into the 
Olympic programs of Tokyo and Paris, the sports- 
medical supervision of the climbing team has 
become more. We have already been conducting 
these exams for the German Alpine club for over 
20  years, having performed Olympic-standard 
examinations long before climbing was on the 
Olympics list. In other countries, these examina-
tions are newer and need to be organized by the 
national federations and Olympic centers. As we 
also take care of regional and state teams, a step 
concept was developed, in which we start with 
physical examinations, history, finger ultrasound, 
rest ECG, and a laboratory test with the lower 
teams and increase the extent and number of 
examinations up to the Olympic levels. 
Adolescent climbers need to be evaluated espe-
cially carefully because of their high risk for 
epiphyseal growth plate fractures [1]. Thus, long- 
term damage can be avoided and, in an injury, 
early intervention is possible. The general stages 
of children’s development and maturation are 
monitored, and early signs of malnutrition must 
be detected. In the following sections, we discuss 
the most important components of the team 
examinations and competition care as well as the 
most important pathologies.

19.2  Climbing Team Examinations

The yearly team examination is an important 
tool for prevention and early detection of ortho-
pedic and/or medical conditions. Reversible 
conditions, such as restricted range of motion in 
the fingers or growth plate fractures, can be 
detected early and counteracted. Additionally, 
the general stages of development of the chil-
dren and adolescents must be considered. Only 
then is it possible to detect possible malnutri-
tion, which is a frequent problem in young 
ambitious climbers. Musculoskeletal disorders 
such as muscle shortenings of the forearm flex-
ors or a climber’s back (humpback) must also be 
looked for. Highly intensive finger board and 
campus board training should not be performed 

in these age groups. While some youth climbing 
teams may have medical supervision, very few 
adult climbers do [2].

The international standards for these team 
examinations are recommended by the 
International Sports Climbing Federation (IFSC) 
Medical Commission in 1999 [3] and include:

Sports-medical examination (morphology climb-
ing including weight, height, BMI, plicometry 
(body fat), flexibility, lung and heart auscultation, 
skin examination)
Standard Laboratory test (blood cell count, as indi-
cated by the clinical examination)
ECG (12 channels) standard and stress test (either 
step test or bicycle)
Spiroergometry (bicycle or step test)
Echocardiography (first visit of a new team mem-
ber, then at least every two years)
Orthopedic examination (joints, posture, muscular 
dysbalance)
Further examinations (X-ray, MRI, Ultrasound) as 
medically necessary (by IFSC MedCom, Paris 
2009 [3])

Even though the IFSC MedCom recommends 
yearly examinations, they are not mandatory for 
World Cup athletes in this form. The representing 
federations only need to certify that a medical 
examination has been performed. In Germany, 
we have been examining our national team ath-
letes according to the standards listed above, 
every year for the last 20 years. Additionally, all 
athletes’ fingers received an ultrasound examina-
tion to check for injuries (e.g., tenosynovitis, pul-
ley injury, ganglion cysts, etc.) in adult athletes 
and warning signs of growth plate fractures in 
adolescent athletes [4, 5]. In local, regional, or 
state teams, a stepwise reduction of these exami-
nations is performed. The extent of the examina-
tions also depends on the financial means of the 
respective team. Nevertheless, a physical exami-
nation, patient history, finger ultrasound, rest 
ECG, a laboratory test (blood count, urea, 
 creatinine, electrolytes, cholesterol, triglycerides, 
iron, ferritin, magnesium, and blood clotting 
parameters, in accordance to the recommenda-
tions of the German Olympic Board), and pli-
cometry (using the Jackson-Pollock skin 
measurements [6]) for body fat detection are 
always performed. All athletes answer a ques-
tionnaire with regard to injuries and training pat-
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terns. In addition to the medical and family 
history, the questionnaire contains questions 
about sleep disorders, eating behaviors, vaccina-
tion status, and general risk factors, e.g., alcohol 
or nicotine consumption, allergies, medications, 
and supplements. We always inform the athletes 
about anti-doping and prohibited substances and 
how to proceed if medication is necessary [7].

19.2.1  Orthopedic Aspects

We focus specifically on the general and athletic 
history, physical examination, and finger ultra-
sound [4, 8]. In prior analyses, we found a history 
of swollen finger joints in up to 42% and a minor 
decreased range of motion (extension deficit >5° 
in the proximal interphalangeal finger joint) in 
32% of Youth National Team Members [9]. 
Fortunately, these problems are not as prevalent 
anymore; recently, we had only 7.5% [3] climb-
ers (40 climbers of the German national team 
over 2 years) with mild finger contractures [1].

The ultrasound examination is used to see if 
pathologies are already detectable and to deter-
mine if the growth plates have started to close [1, 
4]. Special attention is given to the time frame 
during which the growth plates start closing, vis-
ible through a palmar-sided closure of the plate 
while still open on the dorsal side. As the growth 
plate is more prone to injury in this time frame 
[4], special information is given to the young 
climbers and their parents to look out for pain at 
the dorsal aspect of the finger under and after 
stress, if they are in the growth phase of finger 
middle phalanx growth plate closure [1].

In our recent analysis of the German national 
team examinations of 2016/2017, the results of 
17 girls and 23 boys were presented [1]. The 
mean age was 17.5 years (18.3 years for the boys 
and 17.4 years for the girls), and they had been 
climbing for 10.9 years (the boys for 11.3 and the 
girls for 10.3 years). Typical findings were prone-
ness to infections, musculoskeletal injuries, and, 
in one case, severe headaches. Thirty-six percent 
of our athletes had to take a break from climbing 
due to injury or illness. Most of these breaks were 
due to infections (7 in total), mainly minor respi-

ratory or gastrointestinal, with one severe case of 
pneumonia during a World Cup in Japan. The rest 
had to take a break due to finger injuries [2], foot 
injuries [2], and injuries to the shoulder and 
biceps [1, 2]. There was also one case of biceps 
tendonitis and one case of tibialis anterior syn-
drome. One climber needed arthroscopic surgery 
for a CAM impingement of the hip.

19.2.2  Pediatric and Medical Aspects

It is also important to consider the fact that in 
children and adolescents, the team doctor may be 
the first doctor these young athletes have seen 
since their early childhood. Therefore, it is impor-
tant to check their vaccination schedule, as over-
sea travel may require further immunizations, or 
their immunizations could be incomplete (Schöffl 
et al., 2019), which raises the debate as to whether 
vaccinations should be mandatory for high-level 
athletes competing in Olympic sports [10]. 
Certain vaccinations such as Hepatitis B are rec-
ommended internationally in all athletes [10] and 
should be present in all athletes. For a thorough 
history, the HEADSS (home, education, activi-
ties, depression, drugs, suicide, and sex) mne-
monic can be used in order to assess the patient’s 
psychological status. In the past, inquiring into 
these fundamental aspects has allowed us to 
detect several pathologies. Cases of burnout, 
anorexia athletica, and bulimia, or, in other 
words, chronic energy deficiency in sport (RED- 
S), were especially suspected. In these cases, a 
psychological or psychiatric evaluation has to be 
initiated. If anorexia athletica is suspected, an 
MRI of the head is performed to rule out intracra-
nial tumors, and, if indicated, an extensive pedi-
atric examination with additional hormonal 
workup is carried out. In addition to the physical 
examination, a detailed analysis by a child psy-
chiatrist is essential for evaluating the mental 
health of the athlete. In a study investigating the 
annual German team examination in the years 
2017 and 2018, there were no athletes with a sus-
pected anorexia athletica (Schöffl et al., 2019).

There was one case of a suspected immuno-
deficiency, which was later discarded, but a high 
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susceptibility to infections during the competi-
tion period in all athletes (36% of all athletes 
had to take a break from training or competi-
tions during the season) (Schöffl et  al., 2019). 
One athlete even contracted severe pneumonia 
while in Japan for a World Cup and had to be 
hospitalized on site (Schöffl et al., 2019). Two 
girls received further workup due to secondary 
amenorrhea and therapy- resistant headaches, 
respectively. One athlete presented with an iron 
deficiency anemia, and one athlete presented 
with hyperkalemia but showed no symptoms 
(Schöffl et al., 2019).

Another important function of the yearly team 
examination is the education of the athletes with 
regard to doping and permissible and forbidden 
use of medications. It needs to be stressed that 
there are “white lists” provided by national anti- 
doping agencies with detailed explanations of 
supplements and medications. The athletes need 
to understand that the use of supplements and 
medications is their responsibility and that every 
substance must be checked before being applied 
internally or externally. Most positive doping 
results in sports are a consequence of dietary mis-
takes and are based in the unknowing intake of 
forbidden substances.

19.2.3  Cardiac Aspects

Even though there is little doubt that physical 
activity has positive effects on reducing the risk 
of cardiovascular disease [10], elite athletes train 
between 10 and 20 h per week at high intensity. 
These high training loads could potentially lead 
to adverse adaptations resulting in sudden car-
diac death (SCD), or an underlying cardiovascu-
lar abnormality could lead to SCD as a 
consequence of an exercise-induced catechol-
amine surge acting on an arrhythmogenic sub-
strate [11].

The resting and stress ECG and echocardiog-
raphy are standard sports-medical examinations 
required once a year [12]. While these are estab-
lished standards for Olympic sports, they are also 
recommended by the IFSC Medical Commission 
for climbing athletes [3, 13].

Echocardiography is vital for the detection of 
dangerous conditions such as long QT syndrome, 
myocardial hypertrophy, serious arrhythmias, 
myo- or pericarditis, and Brugada syndrome 
[14]. Even though these conditions are rare, it is 
necessary to exclude them as possible diagnoses. 
Adolescent athletes present a greater prevalence 
of training-related and unrelated ECG changes 
than non-athletes such as a longer PR interval, 
greater frequency of sinus bradycardia, first- 
degree AV block, incomplete right bundle branch 
block (IRBBB) and voltage criteria for left ven-
tricular hypertrophy, and early repolarization 
without representing a pathology [14]. Even 
though its use for detecting athletes at risk of 
SCD is controversial, the ECG can be used for 
identifying adaptations such as left ventricular 
hypertrophy (LVH), the detection of dangerous 
arrhythmias (WPW and long-QT syndrome) and 
Brugada syndrome [14].

However, most cardiac structural changes are 
missed using ECG, and this is where echocar-
diography becomes essential. Hypertrophic car-
diomyopathy is the leading cause of SCD in 
young athletes, followed by coronary anomalies 
[15], both of which can be diagnosed using echo-
cardiography. However, HCM can be especially 
difficult to differentiate from left ventricular 
hypertrophy (LVH) often seen in athletes, as 
measurements can overlap. Key parameters for 
investigating the adolescent heart using echocar-
diography and ruling out cardiomyopathy are left 
ventricular end-diastolic diameter (LVEDD), 
maximal septal thickness (IVSD), left ventricular 
wall thickness (LVPW), the dimension of the left 
atrium, and the transmitral E/A ratio [16, 17]. 
The adaptations of the heart to athletic activity 
vary according to the type of sport. Dynamic 
(endurance) sports are characterized by a high 
amount of movement and only a minimal amount 
of force, which leads to increases in heart rate 
and cardiac output. This in turn means that 
dynamic sports cause a volume load on the heart, 
which leads to an enlargement of the left ventric-
ular internal diameter and a proportional increase 
of wall thickness, termed eccentric LVH [18]. 
Static, or so-called resistance, sports (weightlift-
ing, martial arts, field throwing) involve minimal 
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movement but a high amount of force [19], which 
leads to an elevation of cardiac output as a conse-
quence of an increase in heart rate and blood 
pressure. This pressure load on the heart leads to 
a thickening of the ventricular wall but unchanged 
internal dimension, termed concentric left ven-
tricular hypertrophy [20]. A study investigating 
the effects of elite climbing on the heart of ath-
letes from the German Junior National Team 
showed adaptations more in line with concentric 
left ventricular hypertrophy, so that a classifica-
tion as a static sport could be suggested [14]. 
Interestingly, the dimensions of the left ventricu-
lar wall were comparable to those of an age- 
matched control of athletes from the German 
Junior National Nordic Skiing Team, suggesting 
that the adaptations of elite climbing on the ath-
lete’s heart are noticeable [14].

These observations were strengthened by the 
fact that the cardiopulmonary exercise results of 
these athletes were also comparable to athletes in 
team and combat sports and inferior to endurance 
athletes. Cardiopulmonary exercise testing 
(CPET) is usually implemented to determine 
endurance performance and cardiopulmonary fit-
ness in elite athletes. The most important param-
eter studied using CPET is the VO2 peak. Power 
athletes have lower VO2 peak than team and 
endurance athletes [20, 21]. Thus, evaluating VO2 
peak during a standard cardiopulmonary exercise 
test could allow for a classification of climbing. 
In a study which compared elite climbers with 
elite Nordic skiers using a cycle exercise test, the 
climbers performed much worse than the Nordic 
skiers but were comparable to team and combat 
athletes [22]. Furthermore, CPET is an important 
instrument for assessing the risk of sudden car-
diac death in athletes [23, 24] especially when 
employed in combination with an ECG. It allows 
for differentiation between physiologic left ven-
tricular hypertrophy and hypertrophic cardiomy-
opathy [25, 26], one of the main reasons for SCD 
in athletes and difficult to diagnose using only 
echocardiography and ECG. Finally, CPET can 
be used to individualize training programs for 
athletes. Aerobic capacity has been shown to be 
important for climbing-specific recovery [24, 27] 
(Fig. 19.1).

19.3  Climbing Competition Care

With the growth in the climbing gym business, 
sport climbing competitions have seen a dramatic 
increase in popularity. In addition to the large 
events such as World Cups, National 
Championships, and Masters (e.g., Adidas 
Rockstars, Arco Rockmasters), smaller competi-
tions are held on state and regional levels, as well 
as city championships and fun competitions in 
almost every commercial climbing gym.

For the larger events, a medical doctor should 
be serving on site as a competition medical offi-
cer; in the smaller events, paramedics normally 
cover the competitions. The demands and regula-
tions vary between various countries, based on 
the respective legal situation. For all IFSC events, 
a medical doctor must be on site from the open-
ing of the isolation until the end of the competi-
tion. The following sections we will present some 
aspects and considerations for the medical officer 
of a climbing event.

Most injuries which require treatment during 
a climbing event are minor. In lead climbing, 
rope burns, skin bruising, and the occasional 
“wall rash” from rubbing against the rough tex-
ture are the most common ailments of competi-
tors [28]. More severely graded trauma, e.g., 
dislocated ankle fracture based on a ground fall 
or polytraumatic injuries, are rare [1]; neverthe-
less, if they occur, they demand goal-oriented 
action, professional skills, and the necessary 
equipment (Fig. 19.2). Higher graded injuries are 

Fig. 19.1 Spiroergometry during the yearly team exam
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more likely in bouldering events than in lead or 
speed climbing [2, 28]. As in other sport events, 
the medical officer is faced with a different set-
ting than the normal working environment. In a 
hospital ER setting and as an emergency physi-
cian in pre-hospital care, we always work in 
teams with nurses, paramedics, and others. If a 
major incident at a climbing competition hap-
pens, the medical officer is, at least initially, 
alone. This is complicated by the environment, in 
which speakers are blaring music, access to and 
from the base of the wall is often blocked by 
competitors, and the officer is often literally in 
the spotlight as a crowd of people watch to see 
what happens. To alleviate some of the stress, 
there are a few questions medical personnel 
should have answered before the competition 
begins [29].

“Questions to be clarified before the competition 
begins:
What are the medical facilities and potential cir-
cumstances at the competition site (e.g., medical 
room, EMT equipment, another emergency physi-
cian at site, etc.)?
How and who do I call to get an ambulance to the 
site (phone numbers, EMT stations)?
Can an ambulance or gurney get to the base of the 
wall?
What are my communication systems? (radio, 
mobile phone numbers, speakers, microphone)
What other people working on site have medical 
training and can be of help?” [30–32]

If there is another medical service on site (e.g., 
mountain rescue, paramedics), contact should be 
established before the beginning of the event. 

This helps to reduce “friction” in the event of a 
real emergency. Radio or cell phone contact with 
these other services should be established, as 
well as with the head of the jury and the competi-
tion’s delegate [2]. The medical area at the com-
petition must be defined and marked. Access to 
the wall and road access must be clarified, as well 
as knowledge about the hospital environment 
around the competition site. The role of the medi-
cal officer must be clearly defined: is he or she 
“just” in charge of the competitors or does he or 
she serve as a doctor for the whole event, includ-
ing all spectators? This can hardly be guaranteed 
by one person who, as the competition officer, 
needs to be always close to the wall, because if 
things happen, they happen fast. Being in charge 
of the whole event in the Munich World Cup with 
three doctors, we have already treated non- 
climbing conditions such as sunburns, heatstroke, 
heart attack, and a miscarriage. Nevertheless, the 
athletes themselves often complain about non- 
climbing- related conditions, e.g., headaches, a 
cold, a runny nose, etc. (Figs.  19.3 and 19.4.). 
With respect to all of these aspects, attention 
must be paid to the WADA positive and prohib-
ited lists. In general, we only have medication in 
our kits which is WADA approved. This excludes 
our emergency kit, which is only used in a real 
medical emergency. Make sure to note the yearly 
changes of the WADA lists. In Germany, an 
annual anti-doping course is mandatory for all 
national team physicians. We strictly confirm the 
“no needle policy” of the IOC. It is not the job of 
a competition’s medical officer to inject athletes 

Fig. 19.3 Taking care of athletes during the World 
Championships

Fig. 19.2 On-site (Boulder World Cup) treatment of a 
knee injury
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with substances so that they are pain-free and can 
compete! The doping control system per se has 
nothing to do with the medical officer and is 
purely handled by an independent third party. At 
World Cup events, the IFSC Medical Commission 
has an injury surveillance system that requires 
any and all injuries to be reported. An IFSC del-
egate is supposed to collect these reports from the 
medical officer and submit them to the IFSC for 
further analysis.

The IFSC has serious regulations about par-
ticipating in an event with a bleeding wound. 
This includes “flappers” on the fingers, for which 
an athlete can be disqualified if the bleeding is 
not brought under control (Fig. 19.5). Bouldering 
events, during which knee bars and heel hooks 
are common, have a lot of serious scratches that 
are technically “bleeding events” and thus must 
be attended by a physician. In the last few com-
petitions at which we have worked, our doctors 
have been quite busy controlling such bleedings. 
The same move attempted by numerous boulder-
ers can often create the same injury, competitor 
after competitor, and make for a hectic afternoon 
for the medical personnel. One method for deal-
ing with bleeding scrapes or cuts is to clean the 
wound and then swab it with vasoconstrictive 
nose drops (e.g., oxymetazoline or epinephrine) 
to stop the bleeding before applying a bandage. 
Epinephrine seems to work the fastest and is the 
widely accepted bleeding medication in boxing 
events. Remember that epinephrine is on the 
WADA list and is only allowed as a topical medi-

cal drug (dental, nasal, or ophthalmological) dur-
ing competitions and not intramuscular. 
Therefore, we generally try not to use it at all [2]. 
Blood stains on holds need to be removed before 
the next climber can compete to avoid blood-to- 
blood transmission of HIV or hepatitis [33].

The organizers and jury committee are respon-
sible for the safety of the athletes during an event. 
However, if the medical officer on site sees a 
problem (a split between bouldering mats, large 
runout between bolts, etc.), he or she can and 
should protest the problem. If this is done with 
some tact and manners, it is generally accepted 
and even appreciated [2].

19.4  Conclusion

The annual team examination is an important tool 
for prevention and early detection of orthopedic 
and/or medical conditions. It also helps to estab-
lish an element of trust between the athlete and the 
team doctor. Early signs of overstrain injuries, e.g., 
epiphyseal growth plate injuries, can be detected, 
and further harm can be prevented. The internal 
medical and pediatric components should not be 
underestimated, as recurrent infections or an 
incomplete state of vaccination is frequent. A car-
diologic evaluation is also important to minimize 
the risk of sudden cardiac death in athletes. While 
the work on competition site is mainly treating 
acute injuries and disorders, the yearly exams are 
important for prevention and securing the athlete’s 

Fig. 19.4 Acute treatment of a finger injury
Fig. 19.5 Skin bleeds on the fingers need to be stopped 
and covered before a climber can continue to compete
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future, both as an athlete and as a healthy person. 
Our main goal in working with athletes is not the 
success of the athlete but the prevention of sport-
related harm and the preservation of health. We are 
happy to see our athletes become world champi-
ons, but our goal as team doctors is to give them 
the care that they will continue to receive after 
completion of their athletic career: a healthy future 
without long-term medical consequences. Our 
patients should be able to look back at their time as 
a professional athlete with delight and look for-
ward to a prosperous future.
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20.1  Introduction

Sports climbing imposes high load demands 
on the musculoskeletal system, and periodi-
cally climbers, like all sports participants, will 
sustain injury. The evidence base in regard of 
the aetiology and pathology of climbing-related 
injuries is increasing, but currently there is a 
paucity of published research on rehabilitation 
[1]. In recent years, the rise in the popularity of 
sport climbing means it is increasingly likely 
that healthcare professionals will be required 
to diagnose and treat climbing-related injuries. 
It is therefore vital that those involved in the 
care of climbers have an understanding of the 
principles of rehabilitation [2] and an explicit 
knowledge of climbing-related injuries and their 
management [3].

20.2  Rehabilitation and Physical 
Preparation

Rehabilitation is the enhancement of tissue, func-
tional, emotional and psychological function after 
injury to structure and/or impairment in physiol-
ogy [4]. It is a planned and systematic approach 
to the judicious application of physical load for 
the restoration of function [5]. However, this def-
inition may be too restrictive for the athlete as it 
does not fully address the high- performance out-
comes sought from a rehabilitation programme. 
The philosophy must include both a rehabilita-
tion and a physical preparation mindset in which 
the performance outcome is the key driver for all 
decision-making [6].

Rehabilitation for use in the general popula-
tion is focused on the restoration of basic func-
tion such as activities of daily living. This does 
not adequately address the high functioning ath-
lete and successful return to sport [7]. Therefore, 
levels of physical restoration must go beyond 
traditional rehabilitation paradigms if the ath-
lete is to return to climbing in optimal condition 
[8]. The principles of rehabilitation and physical 
preparation are influenced by tissue healing time 
frames. The early-to-middle stages of recovery 
are often characterised by low tissue loading, 

restoration of optimal joint range of motion, soft 
tissue mobility and the re- establishment of motor 
control and movement patterns [9]. In contrast, 
the late phases and return to climbing are the 
physical preparation stages. Its focus is on the 
development of high load/force interventions to 
improve physical qualities, tissue capacity, tech-
nical skill and tactical abilities necessary for opti-
mal climbing performance [10].

20.3  Principles of Management

Rehabilitation for the climber regardless of the 
actual injury should be based upon evidence- 
informed principles. At the core of any manage-
ment, intervention is the judicious application of 
appropriate research, the clinician’s experience 
and shared decision-making with the patient 
[11]. This awareness of the need for a balanced 
appraisal of practice evidence is critical for situ-
ations where empirical research is limited which 
is the current situation in climbing-specific reha-
bilitation [3].

20.3.1  Early Stage

The principles of management can be charac-
terised into anatomically specific interventions 
and regional and global interventions [12]. 
Anatomically specific interventions involve 
management of local impairments and pathol-
ogy specific to the injury. This is often associated 
with the early to middle stages of the climber’s 
rehabilitation. For example, interventions that 
improve the material and morphological proper-
ties of isolated muscular, tendon and connective 
tissues occur at this stage [13].

Injury is often associated with a period of 
deconditioning and disuse because of pain and 
immobilisation [7, 14, 15]. It is well documented 
that lengthy periods of immobilisation can lead 
to reduced muscle strength and impaired load tol-
erance of connective and tendon tissues [16, 17]. 
The restoration of optimal joint and soft tissue 
mobility is important to establish early during the 
rehabilitation of the climbing athlete. Appropriate 
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joint and soft tissues mobility is important from 
a biomechanical perspective. Optimal joint 
mobility provides a basis for force generation, 
force transfer and force absorption [18, 19]. 
Suboptimal mobility prevents the climber from 
obtaining the most efficient body shape to facili-
tate optimal biomechanics. The integration of 
kinetic chain training early in the climber’s reha-
bilitation is of critical importance [20]. Climbing 
is a whole- body strength and power sport reliant 
on upper and lower body interactions for optimal 
performance [21, 22].

The trunk musculature [23, 24] and lower body 
[18] has been shown to provide a strong base for 
force production and kinetic energy transfer from 
the ground to the upper extremity in non-climb-
ing studies. Anecdotally, many climbing coaches 
will attest to the importance of trunk muscle 
force production for optimal performance during 
climbing (see Fig. 20.1). The case for training the 
hip musculature and lower limb strength is more 
controversial as this is not as well recognised by 
climbing coaches for influencing climbing per-
formance. Research from other upper limb-based 
sports increasingly recognises the importance of 
developing appropriate strength and power devel-
opment in the lower limb as a basis for athletic 
performance [15, 20, 25].

20.3.2  Middle–Late Stage

Regional- and global-specific interventions 
which increase kinetic chain integration are asso-
ciated with the middle to latter stages of reha-
bilitation and physical preparation [26]. At this 
stage, the management aims are twofold:

 1. To increase sport relevant physical capacities
 2. To improve and/or maintain climbing skill 

acquisition and tactical awareness

The improvement in sport relevant physi-
cal capacities such as maximal muscle strength, 
explosive strength (rate of force development) are 
not sports specific but are sport relevant to climb-
ing [27, 28]. This type of training is best achieved 
with mainly non-climbing-based activities that 

can quantifiably overload specific muscle groups 
without the complication of the climbing wall. 
It involves the development of generic physi-
cal qualities using traditional resistance equip-
ment that form the foundation for sports-specific 
climbing, skill acquisition and tactical develop-
ment. It is the expression of these physical quali-
ties in a sports-specific situation which allows 
for optimal biomechanical movement patterns 
and climbing performance (see Fig. 20.2). These 
generic capacities form the basis of a physical 
preparation programme for full return to unre-

Fig. 20.1 Retraining trunk, shoulder and lower limb 
integration

Fig. 20.2 Skill-related training at the physical prepara-
tion stage

20 Climbing Injury Rehabilitation



264

stricted climbing at a high level of performance 
[29, 30].

20.4  Other Professionals Allied 
to Performance

Optimal management of the climbing athlete 
requires a multi-disciplinary team approach [31]. 
The rehabilitation professional must understand 
their scope of practice in terms of knowledge, 
expertise and their limitations. This may often 
mean collaborative working, and communication 
with other professionals allied to the climber as 
required to the climber is required. The climber 
must always be at the centre of the decision-mak-
ing process may be coordinated by a designated 
performance manager. Therefore, an understand-
ing of when to initiate onward referrals, for 
example, to coaching staff, dietitians, surgeons, 
strength and conditioners and podiatry is impor-
tant for optimal performance management [32].

20.5  Exercise and Mechanical 
Loading

The management of mechanical load on the 
human musculoskeletal system is one the fun-
damental tenants of effective rehabilitation in 
athletic populations [32, 33]. Mechanical forces 
applied to biological tissues has been termed 
mechanotransduction [34]. The application of 
mechanical load on biological tissues has been 
shown to facilitate adaptations in the morpho-
logical, material and neurological properties of 
tissues [35]. In general, many of the physical 
therapies including soft tissue massage, electro-
therapeutics, exercise therapy and strength and 
conditioning modalities share commonalities 
with the principle of mechanotransduction [36]. 
The commonality shared by these approaches is 
the application of load to musculoskeletal tissues 
facilitates changes at cellular, organ and system 
level [37]. For example, the use of electrothera-
pies such as shockwave therapy or pulsed ultra-
sound in the early phases of rehabilitation involve 
the application of mechanical load to tissues at 

the cellular level. There is preliminary evidence 
to suggest adaptation in tissue morphology at 
cellular level with various electrotherapies. 
Connective tissues have been shown to sense 
mechanical stimuli via signalling molecules in 
the extracellular matrix (ECM) and cytoskeletal 
structures of cells [38].

At the cellular level, mechanical forces tension 
the adherent ECM which then signal mechanical 
receptors via the intergrin. It has been shown that 
simulation of the intergrin receptors in cultured 
cells respond to mechanical load by increas-
ing focal adhesions [39]. This may be an active 
adaptation to mechanical load promoting cellu-
lar growth, survival and morphological changes. 
For example, when the intergrin is stimulated 
experimentally with mechanical forces, the cel-
lular mechanisms can be seen to realign along 
the lines of stress or applied tensional loads [40]. 
While this theoretical perspective may appear 
far removed from the climbing athlete in clinical 
practice, it is noteworthy that this underlies and 
supports all the higher- level adaptations at tissue, 
organ and system levels and hence their perfor-
mance outcome. At the tissue and organ levels, 
changes in morphology, physiology and mate-
rial properties of muscular and connective tis-
sues can be achieved by long-term programming 
of the climbing athlete based upon mechanical 
loading [41–43]. For example, the cornerstone of 
physical rehabilitation and physical preparation 
programmes is the improvement of bio-motor 
capacities such as strength, endurance, power and 
rate of force development in muscular and con-
nective tissues [44, 45].

20.6  Blood Flow Restriction

In recent years, adjuncts such as blood flow 
restriction (BFR) have shown promising results 
in clinical populations with high-quality studies 
[40, 46].

Blood flow restriction training has been 
shown to produce significantly improved gains 
in muscle strength and hypertrophy in injured 
load- compromised populations [47]. The under-
ling mechanism of action is not known for sure, 
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but the occlusion of blood proximal to the muscle 
belly is thought to increase fibre type recruitment, 
metabolic accumulation, cellular swelling and 
stimulation of protein synthesis [48]. This modal-
ity shows promising results in that high intensity 
muscular adaptations can be achieved with very 
modest training loads [49]. For example, the 
American college of sports medicine (ACSM) 
recommend load intensities of 70–80% of the 
one repetition maximum (1RM) to achieve adap-
tations in muscular strength, power and hyper-
trophy [27]. However, this type of load is often 
contraindicated in an injured population because 
of pain and soft tissue insufficiency [29].

BFR has been consistently shown to elicit 
hypertrophic adaptations in muscular tissues with 
training intensities as low as 20% of 1RM [50]. 
This has several advantages for the climbing ath-
lete during rehabilitation. Firstly, it allows the 
early therapeutic application of load in contrac-
tile tissues that either cross or are closely asso-
ciated with load-compromised structures such as 
the radioulnar joint or annular pulley ligaments 
[51]. For example, after sustaining an annular 
pulley injury, a climber could potentially begin 
resisted finger exercises earlier in their rehabili-
tation. This would minimise the risk of applying 
excessive mechanical loads through the healing 
tissues while still maintaining muscle strength 
in the forearm flexors. Secondly, it theoretically 
allows the training of non-injured regions to a 
high level without compromising injured areas 
[52]. For example, hang board training or other 
specific training modalities could be utilised to 
overload the finger and forearm muscles without 
compromising a load-impaired shoulder joint.

20.7  Electrophysical Therapy 
and Other Therapeutic 
Adjuncts

20.7.1   Electrophysical Therapy

Electrophysical therapies have been long 
established in clinical practice as adjuncts or 
standalone interventions for the management 
and/or rehabilitation of injuries and disease. 

Electrophysical therapies are used for symp-
tomatic relief of pain and discomfort, to reduce 
muscle spasm, to resolve inflammation and to 
facilitate tissue healing.

During electrophysical therapy, appara-
tus (devices and accessories) is used to deliver 
energy (stimuli) into the body to provoke physi-
ological responses at cellular, tissue, organic 
and whole-body levels to maintain and optimise 
health [International Society for Electrophysical 
Agents in Physical Therapy (ISEAPT) https://
www.wcpt.org/iseapt]. Energy is delivered 
across the intact surface of the skin via conduc-
tion, convection, conversion, radiation or evapo-
ration to alter physiological processes in ‘target 
tissue’ for therapeutic benefit. Physiological 
actions include alterations in the structure and/
or activity of substrates involved in metabolism 
and healing (enzymes and proteins) or the modu-
lation of neural activity. Despite much research, 
there is insufficient robust clinical research evi-
dence from randomised controlled clinical trials 
to make confident judgements about the effec-
tiveness of most electrophysical therapies.

There are many types of therapeutic device 
available to practitioners and most have pre- 
programmed menu-driven settings that manu-
facturers claim to be beneficial for a bewildering 
array of medical conditions, often leaving prac-
titioners confused. The principles of different 
types of electrophysical techniques have largely 
remained unchanged over time. Different types 
of electrophysical therapies can be categorised as 
follows:

Thermal and microthermal
• Superficial heating using contact or radiant 

techniques
• Pulsed and continuous shortwave and radio-

frequency therapies
• Cooling (cryotherapy) using contact and radi-

ant heat

Nonthermal, microthermal and light energies
• Therapeutic ultrasound (US)
• Low level laser therapy (LLLT)
• Ultraviolet therapy
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• Magnetic and pulsed magnetic (PEMF) 
therapies

• Extracorporeal shockwave therapy (ESWT) 
(Fig. 20.3)

• Vibration

Electrical stimulation
• Transcutaneous electrical nerve stimulation 

(TENS)
• Neuromuscular electrical stimulation 

(Fig. 20.4)
• Functional electrical stimulation
• Alternating currents including interferential 

therapy (IFT) and Russian stimulation
• Electrical stimulation for wounds

Considerations for practitioners include 
selection of electrophysical modality and 
device, target tissue, energy parameters (device 
settings), dose and regimen. Failure to dose 
within the therapeutic window may result in 
harmful (toxic) or subtherapeutic effects. An 
electrophysical therapy may produce different 
physiological actions by altering the param-
eters and dose of the energy. If used appropri-
ately, electrophysical therapies are considered 
less harmful than medical interventions such as 

drugs, especially to provide symptomatic relief. 
Watson and Nussbaum [53] and the International 
Society for Electrophysical Agents in Physical 
Therapy [54] provides comprehensive evidence-
based coverage of the main electrophysical ther-
apies used in clinical practice.

Professional bodies recommend only a minor-
ity of electrophysical therapies as adjuncts to core 
treatment for specific medical conditions (e.g. 
TENS for osteoarthritis and rheumatoid arthritis). 
Hypothetically, PSWT, US, LLLT and electri-
cal currents may increase the rate of division of 
malignant tissue and for other rapidly dividing tis-
sue (embryo/foetus), so they are not applied over 
areas of malignancy in treatable cancer. Generally, 
a history of malignancy is not a contraindication. 
Pregnancy is not a contraindication provided that 
energy is not applied close to embryonic/foetal 
tissue. Nevertheless, if used appropriately, electro-
physical therapies are considered less harmful than 
medical interventions such as drugs, especially 
to provide symptomatic relief. A comprehensive 
resource of contraindications and precautions have 
been reported previously [55].

The principles of treatment are to assess con-
traindications and appropriateness of treatment 

Fig. 20.3 A therapist using extracorporeal shockwave 
therapy

Fig. 20.4 Electrical stimulation used to superimpose 
muscle contractions on normal movement patterns for 
motor relearning
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modality for the patient and to seek informed 
consent. Further considerations include:

• Technique: The sequence of actions necessary 
to administer the treatment

• Dose: Quantity of treatment to be adminis-
tered at one time

• Dosage: Size (amount/concentration), fre-
quency and number of doses of the treatment 
(per treatment session)

• Regimen: A program of treatment sessions, 
e.g. the course of treatment, how many ses-
sions and how often

20.7.2  Extracorporeal Shockwave 
Therapy

Extracorporeal shockwave therapy (ESWT) is 
a therapy that has recently gained popularity in 
tendon-related disorders in clinical practice and 
within the literature.

ESWT is an electrotherapeutic modality 
that uses acoustic wave formations to deposit 
high energy into musculoskeletal tissues (see 
Fig.  20.5) [56]. It is a form of mechanotrans-
duction which aids the regeneration and repara-
tive process of bones, tendons and connective 
tissues [57]. ESWT is an increasingly popular 
therapeutic modality in the management of ten-
dinopathy and connective tissues disorders [58]. 
From a physiological stand point, the acoustic 
waves utilise both positive and negative phases 
of the shockwave. The positive phase creates 
direct mechanical forces, and the negative phase 
generates high speed cavitation’s [41]. The pro-
posed mechanisms of action include the promo-
tion of neovascularisation at the tendon bone 
interface, the simulation of tenocytes, increased 
leukocyte infiltration and the proliferation of 
growth factor and protein synthesis [56]. This 
may stimulate collagen synthesis and tissue 
remodelling [57].

Electrophysical therapies may be beneficial 
when used as an adjunct to core treatment or 
within a package of care. For example, electri-
cal stimulation therapies (see Fig.  20.4) can be 

used to prevent muscle atrophy after injury [42] 
or to superimpose muscle contractions on normal 
movement patterns for motor relearning [37]. 
These modalities likely yield the most benefit dur-
ing the early stages of rehabilitation when mus-
culoskeletal tissues may be load compromised 
due to pain and/or effusion and/or immobilisa-
tion [38, 39]. However, as the athlete progresses 
through the stages of rehabilitation and physical 
preparation, these modalities become less impor-
tant, and exercise-based loading regimes take on 
greater significance.

Glossary of terms: electrical qualities

Current Flow of positive electric charge. The 
strength of current flow in any 
medium is related to voltage 
differences in that medium, as well as 
the electrical properties of the 
medium, and is measured in amperes

Voltage Measure of the difference in electric 
potential between two points in space, 
a material, or an electric circuit, 
expressed in volts

Amp Unit of electric current. One ampere 
corresponds to a certain number of 
electrons passing a fixed point each 
second

Resistance Opposition offered by a body to the 
passage through it of a steady electric 
current

Impedance Measure of the total opposition to 
current flow in an alternating current 
circuit, made up of two components, 
ohmic resistance and reactance

Reactance Opposition to the flow of alternating 
current caused by the inductance and 
capacitance in a circuit rather than by 
resistance

Inductance Property in an electrical circuit where 
a change in the electric current 
through that circuit induces an 
electromotive force (EMF) that 
opposes the change in current

Capacitance Measure of the ability of a 
configuration of materials to store 
electric charge. In a capacitor, 
capacitance depends on the size of the 
plates, the type of insulator and the 
amount of space between the plates

Wavelength Distance between one peak or crest of 
a wave of light, heat or other energy 
and the next corresponding peak or 
crest
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Frequency Number of crests of a wave that move 
past a given point in a given unit of 
time. The most common unit of 
frequency is the hertz (Hz), 
corresponding to one crest per second. 
The frequency of a wave can be 
calculated by dividing the speed of the 
wave by the wavelength. Thus, in the 
electromagnetic spectrum, the 
wavelengths decrease as the 
frequencies increase and vice versa. 
More simply the number of 
occurrences of an event per unit time

Intensity Magnitude, as of energy or a force per 
unit of area, volume, time

Pulse 
frequency

Pulses per second

Pulse 
duration/
width

Length of time for each pulse

Pulse shape 
(waveform)

Refers to the build-up and reduction in 
intensity during a single pulse

20.7.3  Manual Therapies

Manual therapies are approaches and techniques 
that involve the skilled use of the hands to rub, 
knead, mobilise and manipulate musculoskel-
etal and neural tissue in and around joints [33]. 
Manual therapies are primarily used to treat 
conditions affecting musculoskeletal structures. 
They do this by increasing tissue extensibility 
and decreasing muscle tone and tension which 
improves range of motion at joints and move-
ments that are restrictive. Manual therapies are 
also used to reduce swelling, inflammation and 
pain [59]. There are basic physiological princi-
ples underpinning manual therapy and diversity 
in philosophies, concepts, approaches and tech-
niques according to specialism.

There is a paucity of robust research evidence 
to judge whether there are differences in benefit 
and harm between manual therapy specialisms 
or between different approaches and techniques 
within specialisms. Consequently, practitioners 
often base clinical decisions on their previ-
ous experience, resulting in inconsistencies in 
approaches and techniques selected for patients 
with similar clinical presentations.

20.7.4  Joint Mobilisation 
and Manipulation

Joint mobilisation and manipulation are manual 
therapy techniques used in isolation or in com-
bination to restore normal function at spinal and 
peripheral joints.

Joint mobilisations are active and/or passive 
physiological movements and/or low velocity 
passive accessory movements of varying ampli-
tude within or at the end of range of motion 
and are used primarily to restore movement by 
inducing sympathetic nervous system excitation 
[60]. Joint manipulations (see Fig. 20.5) are high 
velocity, low amplitude, thrust techniques, within 
or at the end of range of motion and are used pri-
marily to restore movement by inducing cavita-
tion and the separation of articular surfaces at the 
joint [33].

Treatment effects are broad, may be imme-
diate and/or long-term and include reduction in 
pain, lengthening of periarticular tissue, increase 
range of motion and reduced joint stiffness.

Fig. 20.5 A therapist using spinal manipulation as a 
treatment modality
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Contraindications and precautions should 
be checked prior to treatment and include frac-
tures, dislocations, cauda equina, rheumato-
logical conditions, osteoporosis and vertebral 
artery insufficiency (cervical mobilisations). 
Joint mobilisation is considered a safer adjunct 
to core treatment. Potential risks are generally 
considered to be low and include increased pain, 
proximal and/or distal to the treatment site [61]. 
A variety of  mechanisms of action have been 
offered to explain the therapeutic outcomes for 
joint mobilisations. In 2020, a systematic review 
and meta-analysis of 17 studies provided evi-
dence that joint mobilisation elicited sympa-
thetic-excitatory effects [62], such effects may 
reduce pain and stiffness.

20.7.5  Evidence for Clinical Efficacy

There is a paucity of robust clinical evidence to 
establish optimal technique for joint mobilisa-
tions and manipulations. Thus, in clinical practice, 
techniques vary considerably according to the 
background and previous clinical experience of 
the practitioner and poses challenges when decid-
ing appropriate techniques to use in randomised 
controlled clinical trials, and when synthesising 
findings from previous research. In 2013, a sys-
tematic review of 22 studies found moderate evi-
dence to support the use of joint mobilisations for 
lateral epicondylalgia and insufficient evidence 
to support use in conditions of the wrist and hand 
[63]. In 2019, a meta- analysis of seven studies 
provided strong evidence that joint mobilisations 
improve pain and/or functional grip in people 
with lateral epicondyle tendinopathy [64].

20.7.6  Summary

Joint mobilisations and manipulations are often 
used in conjunction with other treatments; it is 
therefore difficult to ascertain the effect of mobil-
isations per se. Nevertheless, evidence supports 
consideration of their use as an adjunct therapy 
to reduce pain and increase range of motion in 
musculoskeletal conditions.

20.8  Specific Conditions

20.8.1   Lower Limb

20.8.1.1  Acute Hamstring Injury
This is often associated with a heel hook mecha-
nism of injury and is characterised by an over-
strain of the contractile fibres of the hamstring 
muscle group [65]. This can inculde the bicep 
femoris, semimembranosus and semi tendinosis 
muscles [66]. The mechanism of injury is often 
an acute presentation with the climber complain-
ing of a sudden onset of pain and weakness dur-
ing the heel hook technique [67]. This hamstring 
injury is unique in that the mechanism of injury is 
a concentric muscle action [68] which contrasts 
the eccentric mechanism of injury often seen in 
high speed sprinting and team sports [69].

20.8.1.2  Initial Management
Initial management involves the standard protec-
tion, rest, ice, compression and elevation protocol 
(PRICE) (see Table 20.1) [70]. The injured muscle 
group can be taped or splinted into a shorten posi-
tion to avoid excessive tensional forces during the 
first 1–5 days dependent upon the grade of injury 
[71]. The injury severity is generally graded from 
grade 1–3. Grade 1 is associated with minimal 

Table 20.1 PRICE protocol [70]

Protection Protection of the injured area from 
further insult avoids healing delay

Rest Relative rest of the injured area is 
encouraged to allow healing. This 
includes avoidance of activities that 
are stressful to the injured area. 
Complete rest is often to be avoided as 
controlled pain-free mobilization of 
injured tissues can aid recovery

Ice Cooling reduces local tissue 
metabolism and limits the extent of 
injury. This may reduce secondary cell 
necrosis. Cooling of tissues may 
provide pain modulation via the active 
pain gate mechanism

Compression Compression of the injured area helps 
to reduce swelling and oedema

Elevation Elevation of the injured area reduces 
blood flow to the injured area and 
reduces swelling
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disruption of the contractile fibres and connective 
tissues, grade 2 is associated with more significant 
disruption of the contractile and connective tissues, 
and grade 3 is associated with catastrophic failure of 
the tissues leading to complete rupture [14].

20.8.1.3  Definitive Managment
The cornerstone of optimal management for an acute 
hamstring injury is a progressive tissue strengthening 
programme [68, 72]. The programme should aim to 
address the force- generating capacity of the muscle 
with a bias towards concentric muscle actions. In the 
initial phase of management, strength training of the 
injured tissues can begin with isometric exercises 
but should rapidly progress to concentric exercise 
as pain, irritability and tissue healing allow [69]. In 
the early stages, when tissues are load compromised, 
adjuncts such as blood flow restriction can be used 
to facilitate high intensity muscular adaptations with 
modest training loads [49]. In the latter stages of the 
rehabilitation programme, maximal strength in both 
isometric and concentric muscle actions take prior-
ity (Fig. 20.6). The programming of high velocity 
strength training will be specific to the performance 
requirements of the climber. For example, there 
may be a greater performance requirement for high 
velocity strength training for a boulder and speed 
climber than a lead climber [70, 71]. At the return 
to climbing stage, the athlete should have no pain 
or hesitancy during the heel hook manoeuvrer in 
various climbing-specific positions. Additionally, 
there should be no more than a 5% deficit or less in 
concentric muscle strength between the affected and 
contralateral side [29, 72].

20.8.2  Ankle Sprains

Injury to the ligaments of the ankle and foot is a 
common cause of chronic disability and recurrent 
instability in athletes [73]. Sprains of the lateral 
ankle ligamentous complex involving the ante-
rior talofibular ligament, +/− the lateral and pos-
terior calcaneofibular ligaments are often injured 
when the ankle is inverted and planter flexed at 
the time of injury [74].

This injury often involves a high-energy 
mechanism of injury in all but a few cases. 
The mechanism of injury is normally associ-
ated with a fall from height when bouldering 
[75] or an uncontrolled fall during sport or tra-
ditional climbing [76]. The injury mechanics 
classically involve inversion for the midtarsal 
and subtalar joints and planter flexion of the 
talocrural joint.

The ankle complex is unique in its anatomical 
configuration in that the shape of its bones are 
irregular conforming to very precise anatomical 
relationships. This provides a friction-free envi-
ronment for weight bearing locomotion [77]. The 
ligamentous structures act as somatosensory force 
transducers to control precise joint motion. Injury 
to the ligaments affects the mechanical properties 
of the collagenous tissues and also the mechano-
receptors responsible for conveying information, 
influencing joint position sense and kinaesthesia 
to the central nervous system [78]. Poor initial 
management and rehabilitation of ankle sprains 
can lead to pain, disability and functional insta-
bility [79]. Chronic functional ankle instability is 
associated with lower satisfaction, lower rates of 
return to sports participation and increased refer-
ral rates for surgical opinion [80]. Therefore, we 
believe that appropriate initial management of 
ankle ligamentous injuries and subsequent reha-
bilitation is critical for the functional restoration 
of the climbing athlete.

20.8.2.1  Initial Management
The initial management of an ankle sprain should 
follow the principles of PRICE to prevent further 
insult to the injured tissues and to create optimal 
conditions for the restoration of tissue homeosta-
sis. Appropriate ankle bracing or taping to mini-

Fig. 20.6 Single leg hamstring muscle strengthening 
with core muscle integration
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mise mechanical directional stress on the injured 
ligamentous structures has been shown to pro-
mote early mobilisation [81].

20.8.2.2  Definitive Management
The management approach should include a 
comprehensive rehabilitation programme which 
addresses all deficits in range of motion, mus-
cle strength and proprioceptive control [82]. 
Appropriate range of motion into both dorsal 
flexion and planter flexion is important for shock 
absorption during landings and for propulsion 
during climbing. Failure to restore functional dor-
sal flexion range of motion may inhibit the trans-
fer of momentum [79] during activities such as 
rockovers and prevent optimal mechanics during 
activities such as Egyptians and frog positions. 
Ankle planter flexion is part of the coordinated 
system of lower quadrant triple extension for 
dynamic propulsive activities such as dynos [83]. 
Failure to restore this movement range of motion 
frequently leads to reduced ability to overcome 
the effects of gravity such as is the case when 
executing dynamic movements.

The restoration of balanced strength develop-
ment is also important from a force absorption 
and force generation perspective [12]. Pain inhi-
bition and disuse is a frequent cause of impaired 
muscle performance in the injured climber. Often 
this impairment is exacerbated by inappropriate 
muscle conditioning and too rapid a return to 
sports participation [84]. Therefore, we recom-
mend that muscle strength of the planter flexor, 
dorsal flexor, inversion and eversion muscle 
groups be within 5% of the contralateral side 
before return to unrestricted climbing. Ankle 
sensory motor retraining is also important after 
injury to ligamentous structures (see Fig. 20.7). 
This is most important for optimal foot posture 
during landing to prevent reinjury [85] and for 
effective and precise footwork when climbing. 
Therefore, consideration should be given to pro-
gressive training of landing technique on stable 
and then unstable surfaces [80]. This progres-
sion should take account of standard rehabilita-
tion progressions involving landing from low 
heights to progressively higher heights [78]. This 
will increase the ground reaction forces and load 

 tolerance through the ankle complex in a progres-
sive manner. Consideration should also be given 
to skill-related training to develop sensory motor 
control of precise footwork during simulated 
conditions and while climbing. All rehabilitation 
systems should be process driven with therapeu-
tic exercise progressing from low load to high 
load, simple movements to complex movements 
and small ranges of motion to large ranges of 
motion [10].

20.8.3  Upper Limb

20.8.3.1  The Painful Wrist
The wrist is a common area of pain and dysfunc-
tion in climbing populations [76]. Wrist pain in 
climbers is often situated around the radiocar-
pal joint and typified by a chronic aetiology of 
impaired functional capacity during mechanical 
load [86]. In chronic wrist pain, it is often difficult 

Fig. 20.7 Climber participating in ankle sensory motor 
retraining
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to identify a specific anatomical target to focus 
rehabilitation interventions [87]. Therefore, local 
management of the chronically painful wrist is 
unlikely to change the systemic load transferred 
and absorbed by the complex during climbing. It 
is often more pragmatic for the clinician to inves-
tigate why the wrist complex has failed to man-
age the applied loads imposed by climbing [88].

20.8.3.2  Definitive Management
Local management of pain-sensitive structures 
should be instituted to reduce the effect of pain 
inhibition and localised inflammation if that is 
present. Standard procedures utilising PRICE 
and nonsteroidal anti-inflammatories may have 
a place in the initial management of the climber 
with persistent wrist pain [88]. In addition, the 
climbers training and competition volumes 
should be modified to unload the pain-sensitive 
and load-intolerant structures [26].

20.8.3.3  Local Assessment
A local assessment of the wrist should include 
the following:

 1. Palpation of the radioulnar joint lines and 
associated palmer and volar ligaments

 2. Palpation of the carpal bones and associated 
ligaments

 3. Assessment of muscle performance of the 
following:
 – Flexor carpi radialis
 – Flexor carpi ulnaris
 – Extensor carpi radialis longus and brevis
 – Extensor carpi ulnaris
 – Abductor pollicis longus
 – Abductor digiti minimi

 4 Distal and proximal radioulnar joint acces-
sory movements

 5 Joint position sense in low and high load 
situations

20.8.3.4  Global Assessment
A comprehensive assessment of the climber’s 
technique on the wall should be examined to 
establish its relationship to movement efficiency. 
This can be done by the therapist depended upon 
their expertise or in conjunction with a climbing 

coach. The practitioner is looking for evidence of 
movement inefficiency that might be contribut-
ing to excessive load through the hand and wrist 
complex [33], refer to Chap. 21.

The neuromuscular assessment should exam-
ine the strength of the shoulder girdle in particu-
lar the rotator cuff muscles and axial scapula 
adductors and retractors. A general assessment 
of static shoulder girdle and trunk posture should 
be undertaken to establish muscular balance 
between the anterior and posterior upper body 
musculature [57]. We have noted an anecdotal 
relationship between the poor muscular develop-
ment of the shoulder girdle abductors muscles 
when compared to the shoulder adductors and 
internal rotators in climbers with chronic wrist 
and elbow pain.

The rotational profile of the proximal and dis-
tal radioulnar joints should also be assessed for 
total range of motion into supination and prona-
tion. Loss of range of motion and excessive soft 
tissue tightness can lead to impaired function of 
the wrist complex during climbing. The loss of 
pronation range of motion can theoretically lead 
to increased shear forces at the wrist complex. 
This is because the radiocarpal joint attempts 
to compensate for the reduced rotatory range 
of motion at the proximal and distal radio ulna 
joints [89]. The radiocarpal joint has two degrees 
of freedom: flexion and extension and ulna and 
radial deviation. Rotation occurs functionally 
at the superior and distal radioulnar joints [90]. 
Therefore, assessment of soft tissue compliance 
at bicep brachialis and supinator muscles is indi-
cated in addition to the accessory movement of 
the proximal and distal radioulnar joints.

20.8.3.5  Rehabilitation
The rehabilitation programme should be prescrip-
tive based upon the impairments found after a 
comprehensive evaluation of the climber’s wrist, 
hand and upper quadrant. Rehabilitation should 
then aim to restore optimal function where this 
can be extrapolated to load intolerance of the wrist 
complex (Fig. 20.8). There is often an underly-
ing cause for tissue incompetence and persistent 
symptoms, for example, poor joint position sense 
or reduced proximal radioulnar range of motion. 
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Significant impairments must be addressed based 
upon the principles of rehabilitation and physical 
preparation already discussed to ensure optimal 
management and return to climbing.

20.8.4  Closed Traumatic Flexor 
Tendon Pulley Rupture

Injuries to the annular flexor pulley ligaments are 
one the most common injuries to afflict climbing 
populations [91]. This type of injury is particularly 
debilitating because of the significant impairment 
in climbing performance associated with rupture 
[3]. The pulley ligaments are connective tissue 
structures composed primarily of type 1 collagen 
[92]. The pulley ligament provides a critical biome-
chanical role ensuring optimal force transfer from 
the strong flexor tendons to the finger and climb-

ing interface [93]. Anatomically, the flexor pulley 
ligaments are extracapsular thickenings of the joint 
capsule and are supported by the cruciate ligaments 
laterally [83]. There are five annular pulleys which 
alongside the cruciate ligaments and fibrous capsu-
lar thickening act to constrain the movement trajec-
tory of the long flexor tendons [94].

20.8.4.1  Initial Management
The initial management regardless of the severity 
of the injury will follow the standard principle of 
PRICE [70]. The management of pain and the pre-
vention of further soft tissue insult is the primary 
objective in the first 24–48 h after the injury. The 
suppression of inflammation at the onset of injury 
is less important and only becomes a priority if it 
continues beyond an acceptable time frame [95]. 
The protection of injured structures with rest and 
appropriate splinting [96] or taping [97] is helpful 
to facilitate the approximation of the bone tendon 
interface [96]. This theoretically assists with scar 
tissue formation and helps to prevent excessive 
bowstringing of the tendon which may delay heal-
ing. The number of pulley ligaments injured and 
the degree of disability will determine whether sur-
gical or conservative management is chosen [98].

20.8.4.2  Definitive Management
The management process for rehabilitation of 
the partial or ruptured pulley ligament follows 
the principle of progressive overload [95]. In the 
initial stages, mechanical load can be adminis-
tered with electrotherapeutic modalities such as 
ultrasound and laser therapies [34]. However, the 
cornerstone of load management is active resis-
tance training [16, 41, 99]. This should be applied 
judiciously in the early stages of tissue healing 
(see Table 20.2) with resistance training to isolate 
load to the digit of the injured pulley. Loading 
progressions can start with active flexion at the 
proximal interphalangeal joint (IPJ), middle IPJ 
and then distal IPJ. Resistance training bands are 
a pragmatic method to titrate mechanical load to 
the recovering pulley ligament via the injured dig-
its. Light and then eventually moderate to heavy 
resistance bands can be progressively added as 
tissue healing progresses. In the early stages of 
rehabilitation climbing should not be permitted 

Fig. 20.8 The restoration of mechanical wrist function 
using resistive loading
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[102]. The maintenance of soft tissue mobility to 
promote an extensible scar and fibroblastic reor-
ganisation along the lines of mechanical stress 
can be achieve with mobility interventions such 
as tendon gliding exercises [103].

In accordance with Wolff’s law of mechanical 
loading and adaptation, resistance loads should be 
increased for continued adaptation [16]. Loading 
stimulates and increase the morphological and 
material properties of the connective tissue [16], 
muscle [104] and tendon [105]. Although this has 
not been shown directly in vivo, there is substan-
tial evidence from animal studies [106], in vivo 
tendon studies [107] and cross-sectional studies 
[108] in competitive climbers which suggest that 
mechanical load induces morphological changes 
in connective tissues such as ligaments.

Therefore, the aim of rehabilitation and physi-
cal preparation is the restoration of tissue strength 
to preinjury levels. As the stage of tissue healing 
progresses from the proliferative to the remodel-
ling stages, the degree of loading can increase to 
include training modalities which apply greater 
concentrated loads to the digits with fingerboards 
utilising holds with progressively smaller contact 
areas [108, 109] (Fig.  20.9). This will thereby 

Table 20.2 Stages of soft tissue healing (Adapted from Jimenez and Jimenez (2004) and Watson (2008) [100, 101])

Phase Description Time course Interventions
Bleeding 
phase

This phase occurs after the initial injury and is characterised 
by an increase in vascularity at the site of injury

Start 0–1 h
Peak 
re-activity
4–6 h

PRICE 
interventions

Inflammatory 
phase

The inflammatory phase is a necessary component of soft 
tissue healing. It is composed of both a vascular and 
cellular cascade which have direct effects on the tissue 
repair sequence

Start 0–4 h
Peak 
re-activity
1–3 days

PRICE 
interventions

Proliferative 
phase

This phase begins with the formation of granulation tissue 
which eventually matures to become scar tissue. The 
catalyst for this phase is via cytokine mediators from the 
inflammatory phase

Start 24 h
Peak 
re-activity 
2–3 weeks
End 
4–6 months

Low to higher 
resistive exercise 
loads

Remodelling 
phase

The remodelling phase is characterised by the refinement of 
the collagen from immature to more robust tissue. The 
deposition of collagen fibrils with appropriate loading 
contributes to orientational alignment along the lines of 
stress

Start 24 h
Peak 
re-activity
not known
End 
12 months

Moderate to high 
resistive exercise 
loads

Fig. 20.9 Training modality with concentrated mechani-
cal loading for the fingers
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encourage further tissue adaptation. Resistance 
bands can eventually be replaced with traditional 
weighted pulley systems that stress the injured 
digit in insolation and collectively.

Participation in climbing-specific activities 
should be reserved for the intermediate stages of 
the climber’s physical preparation programme. It 
is often tempting to return to climbing early with 
an open grip hand position because the pulley 
tendons (A2 and A4) are loaded to a significantly 
lesser degree than the full crimp position [110]. 
This is often the anecdotal rational for early 
return to climbing using an open grip. However, 
this strategy is problematic.

The A2 and A4 pulleys are at most risk of 
injury because of their larger internal moment 
arms compared to the A3, A1 and A5 pulleys 
ligaments [111]. Therefore, although under less 
load during open hand grips, the A2 and A4 are 
still vulnerable in the early stages of rehabilita-
tion. It is also practically difficult to quantify 
tendon and pulley mechanical loading during 
climbing because of the various configurations 
of hold types [105]. We therefore suggest it is 
safer to restrict climbing until the injured digit 
can be loaded with no symptomatic reaction dur-
ing four finger isolated finger strengthening in a 
half crimp position. This reduces the risk of over 
training and reinjury and ensures a degree of 
tissue strength [88, 94]. Return to climbing too 
early increases the risk of overzealous risk taking 
which could cause accidents such as foot slips 
and excessive application of loads when negoti-
ating difficult climbing problems [102].

Progressive resistance training principles 
should be followed [32]. We recommend isolated 
digit strengthening proceed climbing specific 
activities. The injured digit should be loaded in 
insolation starting with isometric muscle actions, 
progressing to concentric actions and then finally 
to eccentric actions [12]. Each muscle actions 
must be accompanied with symptom-free partici-
pation of the affected digit before progression to 
the next muscle action [10]. This rational is borne 
out by the high mechanical forces attributed to 
eccentric loads in the contemporary literature 
[112, 113] which may predispose the ligamen-
tous tissues to excessive load if used prematurely.

The resumption of climbing should begin 
when the affected digit is able to tolerate concen-
tric forces within 5% of the contralateral digit. 
The range of motion along the course of the flexor 
tendons in both flexion and extension should be 
full range and asymptomatic. On palpation of the 
soft tissues overlying the pulley ligaments this 
region should not reproduce the patient’s origi-
nal symptoms. This return to sport criteria is in 
accordance with other published literature for 
other regions of the body [29, 114, 115].

The resumption of climbing is a phased 
approach with a progressive increase in volume 
load over several weeks and months depending 
upon the grade of injury. In the initial phases, 
the duration of climbing, the grade and number 
of hold types is limited. For example, in the first 
1–2 weeks of climbing practice, the climber may 
only climb 2× per week restricted to only an open 
grip, accumulating up to a maximum of 100–150 
isolated hand grips in each session. At week 5–6, 
the frequency of climbing may remain the same, 
but the climber is allowed to use half crimp or 
open crimp holds in addition to open grip holds 
accumulating between 150 and 200 isolated hand 
grips during a session. As the rehabilitation and 
physical preparation progresses, there will be a 
progressive increase in the volume of climbing 
each week, the use of full crimp holds, duration 
of each climbing session and inclusion of steeper 
over hanging terrain. The cardinal rule which 
must be enforced during this phase is that climb-
ing at each stage must be symptom free.

20.9  Shoulder

20.9.1   Chronic Subacromial Pain 
Syndromes

The shoulder complex is often a common source 
of pain and dysfunction in climbers. Traditionally, 
pain within the shoulder complex has been man-
aged from an anatomical perspective. This aims 
to establish which of many pain-sensitive struc-
tures is the source of the patient’s symptoms. 
While this may be possible with a traumatic 
injury, this is often not possible in cases of per-
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sistent shoulder pain [116]. It is difficult to differ-
entiate which structures are at fault with physical 
examination tests because of their low diagnostic 
accuracy [117]. Most physical examination tests 
for the shoulder complex are pain provocation 
tests. This renders it difficult to obtain a struc-
turally specific diagnosis [118]. Other evidence 
supportive of this position is diagnostic imaging 
studies. Research from imaging interventions 
such as magnetic resonance imaging [119] and 
ultrasound sound studies [120] often report inci-
dental findings in asymptomatic populations.

In patients with chronic persistent shoulder 
pain, it is highly probable that several structures 
will be symptomatic acting in combination as a 
source because of the close anatomical relations 
of pain-sensitive structures such as bursa, tendons, 
capsule and joint articular surfaces [121]. For 
example, the supraspinatus tendon, bicipital ten-
don and hypertrophied subacromial bursa can all 
be symptomatic during common climbing posi-
tions which require shoulder elevation. In respect 
to this difficulty, treatment approaches based upon 
specific tissue pathology and structural diagnosis 
may be therefore problematic [122].

Rehabilitation of the climber with persistent 
shoulder pain should be based upon manage-
ment of the underlying physical impairments 
which have contributed to tissue sensitivity and 
load intolerance [123]. It is therefore important 
that the clinician establish the dominate features 
that are contributing to the climber’s symptom 
provocation [124]. A comprehensive upper quad-
rant assessment should be undertaken including 
[125]:

 1. Functional demonstration of the activities or 
climbing movements producing symptoms

 2. Contractile function of the rotator cuff muscu-
lature and axioscapular muscles (middle tra-
pezius and rhomboids)

 3. Soft tissue muscle length of the shoulder 
adductors and internal rotators (pectoral 
major, teres major and latissimus dorsi)

 4. Glenohumeral joint accessory movement 
assessment

 5. Static upper quadrant postural assessment for 
muscle balance

An assessment of the trunk musculature, 
lower quadrant, the neck and its associated nerve 
plexus may be indicated if there is evidence from 
the patient’s history and/or evidence from the 
patient’s functional climbing demonstration that 
these factors may be a contributing to shoulder 
dysfunction. The assessment of the symptomatic 
regions should be compared to the contralateral 
side where applicable and used to decide the 
management approach based upon the impair-
ments present. This approach to the management 
of shoulder pain is distinctly different from a tra-
ditional sports medicine approach of structural 
tissue failure [126]. It does not attempt to isolate 
a singular pathological tissue in which to direct 
medical management. Instead, this approach 
utilises a holistic approach identifying regions 
and tissues which are functioning poorly and 
potentially contributing to ongoing tissue irrita-
tion and mechanical sensitivity during high load 
situations [125]. Rehabilitation interventions are 
then directed at the areas of failed load tolerance 
using progressive exercise, adjuncts and electro-
therapeutic modalities to restore optimal tissue 
function and capacity.

20.10  Traumatic Anterior 
Glenohumeral Dislocation

In first-time traumatic anterior glenohumeral dis-
locations (FTAGD) in young adults, therapeutic 
management is often conservative physiotherapy 
and rehabilitation [127]. Surgery controversial 
for FTAGD however there are combinations of 
patient - specific factors  such as the presence of 
menaingful bone loss, significant apprehension 
and athletes athletes involved in contact sports 
[128].

Rehabilitation of the FTAGD is predicated 
upon the stages of soft tissue healing and remod-
elling (see Table  20.2). The initial stages of 
rehabilitation should involve appropriate con-
servative measures to protect the injured tissues 
from further insult [70]. This will encourage 
unhindered fibroblastic and proliferation activ-
ity. Modalities and adjuncts such as splints and 
braces to maintain optimal soft tissue length 
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should be emphasised. Bracing the glenohumeral 
joint in a shortened position to minimise tensile 
forces through the injured tissues should be stan-
dardised 1–5  days post injury depending upon 
its severity and degree of associated soft tissue 
pathology [129]. After a period of initial immo-
bilisation which should be short to prevent com-
plications such as contracture and joint stiffness, 
a reactivation process should be enacted to allow 
progressive loading of the injured tissues.

Mechanical loading of the shoulder complex 
is a cornerstone of rehabilitation at this stage: to 
reverse arthrogenic muscle inhibition and associ-
ated muscle atrophy [130]. It is well accepted that 
an effusion within or in close proximity to a joint 
can lead to muscle inhibition [131]. For example, 
atrophy of the vastus medialis oblique muscle 
(VMO) in the knee is initiated by minimal effu-
sion. This muscle has similar physiological [132] 
and morphological [133] characteristics to that of 
the rotator cuff group in the shoulder. Therefore, 
muscle activation strategies to preferentially target 
intramuscular coordination should be instituted as 
early as possible [133]. Muscle stimulation has 
been shown to preferentially activate high thresh-
old motor units in atrophied muscles [43].

Isometric muscle training is a safe and effec-
tive method to stimulate motor unit recruitment 
without excessive mechanical load. This is 
important in the initial 1–2 weeks after the injury 
because the ligamentous structures are still load 
compromised [128]. In the middle stage of reha-
bilitation, higher mechanical loads to stimulate 
development of connective and muscular tissues 
is of paramount importance. The mechanical 
loads should be progressed from isometric to con-
centric muscle training. Initially, this should be in 
mid-ranges of motion and positions to lessen the 
mechanical load on healing structures [134]. This 
can gradually progress to end of range of motion 
strengthening in accordance with the climber’s 
functional restrictions, location, direction of 
apprehension and the mechanism of injury. Low 
force to higher loading forces is the approach of 
choice to facilitate appropriate force production 
and increases in the tissue’s material and mor-
phological properties for joint stability [135]. 
Eccentric loading at a low level can be started 

with appropriate regard for the stage of soft tis-
sue healing.

Joint stability is dependent upon effective sen-
sory motor control [134]. Injury to the capsule and 
ligamentous structures affects the afferent feed-
back, regulation of joint stability and upper quad-
rant posture and movement [128]. Proprioception 
offers protection against potentially injurious 
forces subjected to the shoulder during climb-
ing-related activities [136]. Therefore, sensory 
motor retraining should be interwoven through-
out the rehabilitation after FTAGD (Fig. 20.10). 
Therapeutic exercise is the primary adjunct. The 
exercise programme will utilise training exer-
cises that challenge joint position sense in vari-
ous positions and ranges of motion which are 
relevant to the climber’s return to sport [135]. 
Late stage rehabilitation will focus on higher 
level physical conditioning which is specific to 
climbing. This will include off the wall resis-

Fig. 20.10 Sensory motor retraining of the glenohumeral 
joint
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tance training modalities to ensure a high degree 
of tissue robustness [130]. Climbing practice and 
skill development similar to other rehabilitation 
modalities starts with low load climbing training 
and progresses to high load climbing activities. 
For example, simple climbing problems are pro-
gressed to complex climbing problems with high 
ranges of motion and force demands.

20.11  Elbow

20.11.1   Tendinopathy

The elbow is a common site of pathology 
in climbers [137]. The largest contributor to 
this sequelae is tendinopathic pathology [91]. 
Tendinopathy occurs along a continuum from 
an acute exacerbation because of abusive 
mechanical overload due to unaccustomed 
activity to chronic disrepair and irreversible 
degenerative changes [138]. The tendons in 
this region most affected by tendinopathic 
changes are the common extensor tendons and 
the common flexor tendons of the elbow [81]. 
The pathophysiology of tendinopathy is worthy 
of some consideration because an understand-
ing of the causation will impact the subsequent 
management. Tendinopathy is associated with 
pain and disordered collagen within the tendon 
which lowers its ability to manage mechanical 
load [139]. It is important to note that tendi-
nopathy represents a non-inflammatory condi-
tion with degenerative changes within the body 
of the tendon and suboptimal collagen synthe-
sis [140]. In this regard, tendinopathy is char-
acterised by a failure of the tendon to remodel 
after unfavourable mechanical loading. There 
are several non-mechanical risk factors that 
can contribute to an impaired tissue response, 
but this is beyond the scope of this chapter. 
Tendons are designed to withstand mechanical 
forces, and appropriate loading has been shown 
to produce favourable adaptations [141].

The management principles for tendinopa-
thy in the elbow region can be applied to both 
the common extensor tendons and the common 
flexor tendons [142]. The point on the continuum 

where the climber resides determines the man-
agement approach.

In the acute or reactive stage, the tendon has 
been subject to acute overload or microtrauma, 
and inflammatory cytokines may be present 
because of the need for matrix synthesis and deg-
radation [143]. There is a concomitant increase 
in proteoglycans which attract water and pro-
mote changes in the tendon matrix. This has been 
shown to cause a thickening of the tendon which 
may or may not serve to reduce further stress and 
allow some degree of adaptation [144]. However, 
this thickening is a different response from what 
would be expected from normal progressive 
loading. Normal progressive loading results in 
a stiffer tendon with less thickening [145]. The 
management of climbers in this stage is one 
of immediate load reduction. Palliative mea-
sures such as the PRICE protocol in the initial 
stages and taping techniques to offload the pain- 
sensitive structures are indicated [122, 146]. The 
reactive tendon then requires a period of slow and 
progressive mechanical loading over 1–3 weeks. 
Care must be taken to identify the causative fac-
tors that led up to the onset of symptoms, and 
the climber should be counselled on prevention 
strategies.

The disrepair stage is a progression of the 
reactive stage in that the tendon has attempted to 
heal, but the degree of extracellular matrix deg-
radation exceeds adaptation [147]. This stage is 
characterised by an increase in fibroblasts and 
chondrocytes resulting in enhanced proteoglycan 
production. This leads to a reduction in loading 
capacity because of disorganisation of the matrix 
and displacement of the collagen fibres. There is 
also evidence of neovascularization and neuronal 
ingrowth [148].

Clinical and empirical evidence appears to 
suggest that resistance training modalities that 
promote appropriate mechanical loading con-
sistently perform well [17, 149]. However, no 
loading scheme (e.g. eccentric, isometric or 
concentric) has been consistently shown to be 
superior to another loading scheme. However, 
there is some evidence that eccentric loading is 
efficacious when compared to other non-exercise 
modalities such as ice and therapeutic ultrasound 
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[150]. There is limited evidence that eccentric 
loading is superior to any other loading scheme 
[46]. Therefore, we recommend a combined con-
centric—eccentric training approach with due 
regard for symptom provocation. The tendon 
should be loaded with isolated wrist flexion or 
extension exercises (dependent upon the site of 
injury) which cause muscular fatigue at 8–10 rep-
etitions (Fig. 20.11). Using this repetition maxi-
mum theorem equates to approximately 75–82% 
of the muscle’s maximum capacity before failure 
[151]. This degree of loading is appropriate for 
improving contractile function, reducing force 
deficits and improving the material and morpho-
logical properties of tendon [152].

The training programme should be progres-
sive and adapted to the needs of the climber’s 
functional goals [153]. For example, a boulder-
ing specialist will have greater need for strength, 
power and shock loading energy storage training 
[22] during their rehabilitation than an alpine 
climber. The alpine climber will need tendons 
that are conditioned to withstand long periods of 
lower demand loading because of the sport’s high 
endurance demands [8]. Extracorporeal shock 
wave therapy is an evidence-based modality that 
has shown efficacy in the management of tendon 
related disorders [41, 56]. In the climber with a 

protracted history of persistent pain and reduced 
function, this modality can be beneficial as an 
adjunct to exercise-based training interventions 
[58].
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21.1  Introduction

The International Olympic Committee consensus 
statement recommends the accurate monitoring 
of training load to reduce injury risk in athletes. 
Although a high level of physical preparedness is 
likely protective against injury occurrence, fail-

ure to manage athletic workloads effectively have 
been found to be predictive of injury [1]. The cal-
culation of workload is reliant on the accurate 
recording of exposure. In the published climbing 
literature to date, methods used by authorship 
teams to record exposure and operational mea-
sures of performance are inconsistent. At pres-
ent, there is no published consensus statement on 
design characteristics for use in epidemiological 
cohort studies in climbing.

In terms of injury prevention, this raises sev-
eral issues. Firstly, differences in epidemiological 
design characteristics used by researchers impede 
accurate comparisons between climbing- related 
studies to be made. Therefore, our understand-
ing of injury burden and associated risk factors is 
limited. Secondly, what are the variables that may 
be utilised to estimate athletic workload in climb-
ers? Finally, given that exercise prescription is a 
key tenant of injury prevention, what additional 
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physical preparation strategies need to be consid-
ered for the climbing athlete? In addressing these 
issues, effective injury prevention strategies may 
be developed.

The Aims of This Chapter Are to:
• Critically evaluate epidemiological design 

characteristics used in climbing research.
• Report methods and considerations for calcu-

lating athletic workload in climbing.
• Provide an overview of contemporary strate-

gies used to develop soft tissue robustness and 
fatigue management.

• Report the role of skill development in the 
management of injury risk.

21.1.1  Evaluating Injury Terminology

The definition of injury used in climbing-related 
studies varies considerably and are not always 
clearly stated. The criteria used to define injury 
commonly include bodily damage, pain, dis-
ability, medical consultation, medical interven-
tion, hospital admission, and withdrawal. For 
example, Neuhof et  al. [2] only reported those 
injuries that required professional medical treat-
ment intervention, whilst Bowie et  al. [3] only 
included participants who had sustained an injury 
that required hospital treatment. Both injury 
definitions require participants to have received 
medical treatment but may exclude a participant 
based on the location of that treatment. In con-
trast, Van Middelkoop et al. [4] stated injury to be 
‘any damage as a result of climbing that caused 
pain and or disability irrespective of whether a 
treatment or medical intervention was adminis-
tered’. Importantly, this definition acknowledges 
the reporting of pain, defined by the International 
Association for the Study of Pain (IASP) as ‘an 
unpleasant sensory and emotional experience 
associated with actual or potential tissue damage, 
or described in terms of such damage’ [5]. Pain is 
rarely stated in injury definitions used in climb-
ing studies, yet it is not uncommon for climbers 
to continue in their given activity, or modify their 
activity, whilst perceiving some level of pain or 
discomfort.

Injury definitions need to account for both 
time-loss and non-time loss injuries. Chronic 
overuse injuries often have an insidious onset 
which is manifested subclinically before being 
raised in the consciousness of the individual. 
Even then, initial symptoms do not usually result 
in the termination of activity as they are generally 
mild in severity. Importantly, individuals may not 
consider themselves to be in an injurious state or 
in a sufficiently injurious state to withdraw from 
activity regardless of the mechanism. Failure 
to capture such data may result in the under- 
reporting of injury occurrence and confounds 
comparison of estimates between studies.

Recurrent injuries in sport are common, and 
it is widely accepted that subsequent injury is 
strongly associated with previous injury occur-
rence. Authorship teams need to correctly catego-
rise first injury, re-injury and multiple re-injury of 
the same or different type and identify the under-
lying mechanism. A study by Jones et al. [6] was 
the first attempt to analyse previous injury as a 
risk factor for re-injury in climbers. Individuals 
were categorised as sustaining a re- injury, if 
they reported an injury at the same anatomical 
site, precipitated by the same cause, on at least 
two occasions within the 12-month reporting 
period. Individuals were categorised as sustain-
ing a multiple re-injury if they reported an injury 
at the same anatomical site, precipitated by the 
same cause, on at least three occasions or greater 
within the 12-month reporting period.

Injuries in climbing may be broadly catego-
rised as ‘acute’ or ‘traumatic’ and ‘chronic’ or 
‘overuse’. The classification systems used need 
to clearly differentiate between acute impact inju-
ries, acute non-impact injuries and chronic over-
use injuries. Critical reviews by Jones et  al. [7, 
8] categorised climbing-related injuries as: acute 
impact injury caused by the climber falling onto a 
climbing surface and/or ground, or an object such 
as a rock falling on to the climber, and acute non-
impact injury resulting from acute trauma to the 
body and chronic overuse injury of the body from 
repetitive climbing. The Union Internationale 
des Associations d’Alpinisme (UIAA) recom-
mend the use of the MedCom Score [8] to clas-
sify injury. However, the MedCom Score does 
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not account clearly for chronic overuse injuries 
and therefore may fail to capture this type of 
data. Inconsistency and ambiguity of classifica-
tion between studies limit our ability to correctly 
identify and attribute an injury mechanism. The 
percentage of climbers sustaining at least one 
injury due to acute impact is difficult to estab-
lish because many studies combine acute impact 
and acute non-impact injury data. For example, 
Backe et  al. [9] reported a high percentage of 
lower limb injuries inclusive of contusions and 
lacerations and categorised these as traumatic. 
This does not accurately account for the aetiol-
ogy of injury, which is likely a result of impact 
with the climbing surface and/or ground and/
or climbing equipment, for example, the rope. 
Failure to inform the reader of the exact category 
of injury makes interpretation of the findings 
of limited use as individuals may sustain injury 
multiple times and at multiple body sites.

21.1.2  Evaluating Study Design 
and Data Collection 
Procedures

Studies determining incidence and prevalence 
of injury in climbing utilise prospective and 
retrospective cross-sectional survey methods. 
Although prospective cohort studies are consid-
ered the gold standard of observational research 
and should provide accurate and reliable data of 
injury and exposure, they are difficult to conduct 
in large sample climbing populations. Conversely, 
retrospective studies are particularly prone to 
measurement error. Jones et al. [7] reviewed four 
retrospective cohort studies that estimated inci-
dence rate based on data captured by postal sur-
vey [10], memory recall [2], medical records and 
interview [3] and national park registrant data on 
accident occurrence [12]. Relying on the mem-
ory of participants to recall the number of inju-
ries that they have experienced over a period of 
time is particularly error prone, especially when 
the recall period extends in excess of 12 months. 
However, retrospective studies that use survey 
methods do allow relative ease of access to large 
sample populations. Jones et al. [12] surveyed a 

large sample of climbers: Injury and performance 
behaviour questions were framed to remind par-
ticipants of the recall period, i.e. ‘how many 
times in the last 12 months’. In contrast, partici-
pants in a study by Neuhof et al. [2] were asked to 
recall injuries that occurred over a 5-year period. 
All study designs can introduce measurement 
error due to imprecise recording, interpretation, 
calculation and recollection of climbing exposure 
and injury occurrence.

The UIAA Medical Commission recom-
mends that incidence rate of injury in climbing 
be expressed as injuries per 1000 h of exposure 
to control for variation in exposure, especially 
between different types of climbing activity [8]. 
However, reporting injuries per 1000 h of expo-
sure is an imprecise measure because it may not 
account for non-climbing activities such as prep-
aration, rest periods between attempts and belay-
ing a fellow climber. The Medical Commission 
further recommends studies that do not mea-
sure the hours of exposure record 4 h for sport 
climbing outdoors and traditional climbing and 
2  h for any indoor climbing activity per day. 
Outdoor bouldering is not accounted for in this 
recommendation; moreover, calculating climbing 
exposure using such methods is likely to intro-
duce significant error into estimates. Performing 
secondary analysis of data to produce estimates 
of exposure per 1000 h is also likely to produce 
errors. Schoffl et al. [13] performed a secondary 
analysis of data reported by Limb [10], Bowie 
et  al. [3] and Schussman et  al. [11] to estimate 
the respective incidence rate of injury per 1000 h 
of climbing exposure. The survey methods used 
by each study were significantly different and 
raise a legitimate concern in regard of conducting 
analysis to generate such data on heterogeneous 
studies.

The incidence rate in climbing may addition-
ally be expressed as the number of new injuries 
in a specified time period (e.g. per year), number 
of new injuries per number of visits to a climb-
ing venue (e.g. injuries per one million visits) or 
number of new injuries per number of athletic 
exposures (injuries/100 participants). The cal-
culation total is inclusive of first injury, multiple 
injuries and re-injuries. In their systematic review 
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Woolings et al. [14] reported incidence as a func-
tion of athlete exposures. For example, incidence 
of injury over the entire career was reported as 
300 (95% CI 250, 357) injuries/100 participants 
[15] and incidence in regard of a type of climbing 
behaviour as 103 (95% CI 71,146) and 127 (95% 
CI 85,184) injuries/100 participants/year for out-
door and indoor bouldering respective [16]. Such 
measures are perceived as a useful method for 
estimating resource utilisation for healthcare pro-
viders and clinicians [17]. However, the problem 
with reporting incidence of injury in a specified 
time period, in relation to visits to a climbing 
venue or as a function of athlete exposures, is that 
the duration of individual exposures will vary and 
again introduce error into estimates. Therefore, 
such methods may not reliably indicate the extent 
of the injury problem.

In a study by Jones et  al., individual climb-
ing exposure was captured using estimates of 
the frequency of ascent [12]. Climbers were also 
asked to provide additional information regard-
ing consistency of their performance standard. 
This better reflects actual participant exposure 
in climbing and importantly controls for perfor-
mance standard as a potential confounder in the 
calculation of risk. To date this published work is 
the only study that has considered both frequency 
of ascent and the operational standard of ascent 
to calculate risk of injury across a wide range of 
climbing behaviours. As such, this method may 
be used to predict risk based on an individual 
climber’s profile of climbing behaviours and ath-
letic load.

Precise information about the environment, 
climbing behaviour and practice of climbing 
populations is needed. Correctly categoris-
ing exposure allows a direct link to be made 
between the specific situation and injury occur-
rence. Study reports are often not explicit in 
how other climbing behaviours of participants 
are accounted or controlled for. Moreover, even 
when precise information about the cause of 
the injury is captured, it is possible that other 
climbing activity may have contributed to the 
injury. For example, a traditional climber who 
was sampled in an outdoor climbing setting may 
be undertaking indoor bouldering far more fre-

quently, and this may be the precipitating factor 
for injury occurrence. Inconsistency in cat-
egorising the type of climbing activity between 
studies can cause under- or over-reporting of a 
particular type of injury to a climbing behav-
iour. It is imperative that injury data is captured 
with the exact climbing behaviour and practice 
that caused the injury.

21.1.3  Evaluating Data Processing

A variety of different grading systems exist 
worldwide to report the operational standard 
of climbing performance. Although the use of 
number- based scales is commonly reported by 
authorship teams, inconsistencies in the conver-
sion of identical operational standards of perfor-
mance exist. As a consequence, the International 
Rock Climbing Research Association (IRCRA) 
produced a positional statement in regard of com-
parative grading scales for future use in climb-
ing research [3, 18]. The authors developed a 
reporting scale to standardise the conversion of 
climbing performance, regardless of behaviour, 
into a numerical value suitable for data analysis. 
The authors acknowledged a limitation of the 
proposed scale is the use of the British technical 
grade for traditional climbing only. Traditional 
climbing in Britain is graded using a combined 
system that assigns both an adjectival and tech-
nical grade, for example, Very Severe 4c. The 
adjectival grade provides information about 
the level of difficulty, overall seriousness and 
potential risks to the climber. The correspond-
ing technical grade provides information about 
the hardest technical movement required to com-
plete the climb. The comparative grading scale 
proposed by IRCRA [20] contains considerable 
overlap between the British technical grade and 
the recommended reporting value, for example, 
British technical grade 6a may be recorded as 13, 
14, 15, 16 or 17. Therefore, the use of the IRCRA 
scale in its current format may introduce signifi-
cant measurement error when applied to sample 
populations of British traditional climbers. An 
amendment to the IRCRA comparative grading 
scale was presented to the 4th International Rock 
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Climbing Research Congress in 2018 [18] to 
address this issue (see Table 21.1).

21.1.4  Summary

Inconsistency in the use of injury terminology, 
data collection procedures, calculation of expo-
sure and operational measures of performance 
by researchers exist. Such inconsistencies likely 
contribute to the large variance in the incidence 
and prevalence of injury reported. Continued 

reporting of heterogeneous results in population 
samples limits meaningful comparison of studies 
to be made and an understanding of injury burden 
and risk factors to be known. Standardising the 
criteria used to attribute injury and climbing activ-
ity, coupled with more accurate methods of calcu-
lating exposure, will overcome such limitations.

21.2  Monitoring Athletic Load

21.2.1  Introduction

An International Olympic Committee consen-
sus statement defined load as, ‘the sport and 
non- sport burden (single or multiple physiologi-
cal, psychological or mechanical stressors) as a 
stimulus that is applied to a human biological 
system (including subcellular elements, a single 
cell, tissues, one or multiple organ systems, or 
the individual)’ [21]. The key variables that are 
required to accurately calculate load include the 
type, duration, frequency and intensity of activ-
ity. Load can be further quantified as external 
load, i.e. the objective work undertaken (training 
and competition), and internal load, i.e. an indi-
vidual’s physiological and perceptual response 
[20] The differentiation of load type is important 
as an identical external load stimulus can elicit a 
range of stressors. Furthermore, an individual’s 
response to the same external stimulus may dif-
fer, at different time points [20].

Challenges in accurately calculating load and 
interpreting the evidence of associations between 
load, injury and illness exist. Primarily, athletes 
undertake high training loads to prepare for the 
demands of competition. A high level of physical 
preparedness likely mitigates some injury risk, 
but failure to manage load effectively could be 
detrimental to the athlete’s health.

21.2.2  Session Rating of Perceived 
Exertion (Session-RPE)

Session-RPE is a simple method of calculating 
athletic load by multiplying the session intensity 
(normally measured using a modified Category 

Table 21.1 Amendment to IRCRA comparative grading 
scale [19]

IRCRA
Reporting 
scale

British adjectival and 
technical grade

French 
sport

1 M 1
2 D 2
3 VD 2+
4 S 3-
5 HS/VS 4a 3
6 VS 4b 3+
7 VS 4c 4
8 VS 5a/HVS 4c 4+
9 HVS 5a 5
10 HVS 5b/E1 5a 5+
11 E1 5b 6a
12 E1 5c/E2 5b 6a+
13 E2 5c 6b
14 E3 5c 6b+
15 E3 6a 6c
16 E4 6a 6c+
17 E4 6b 7a
18 E5 6b 7a+
19 E6 6b 7b
20 E6 6c 7b+
21 E7 6c 7c
22 E7 7a 7c+
23 E8 6c 8a
24 E8 7a 8a+
25 E9 6c 8b
26 E9 7a 8b+
27 E9 7b/E10 7a 8c
28 E11 7a 8c+
29 E11 7b 9a
30 E11 7c 9a+
31 E12 7b 9b
32 E12 7c 9b+
33 E13 8a 9c

21 Injury Prevention



290

Ratio 10 scale) by the duration of the individual 
session measure in minutes [22]. The subsequent 
calculation is considered a quantity of total load 
and measured in ‘arbitrary’ units. It is recom-
mended that session intensity recording using a 
modified Category Ratio 10 scales (CR 10) be 
undertaken 30 min after cessation of activity and 
familiarisation of the athlete with the scale neces-
sary prior to use [22]. A review of session-RPE 
by Haddad et al. [23] reported the validity, reli-
ability and internal consistency of session-RPE 
across a wide range of sports and physical activi-
ties. RPE is appropriate to use as a measure of 
internal load [20] and valid to use with men and 
women of different ages, including children and 
adolescents [23]. Session-RPE may be used as 
a standalone method of calculating load but can 
be combined with other factors to create a sport- 
specific measure [24].

Derivative characteristics of session-RPE are 
‘monotony’ and ‘strain’ and are suggested to 
relate the onset of overtraining [23]. Monotony is 
a measure of training load fluctuations, and strain 
is a measure of how hard an athlete is working for 
a fixed time period, usually a week. Monotony 
and strain are characteristics of training variabil-
ity derived from session-RPE and are suggested 
to relate to the onset of overtraining [23]. The 
research underpinning these measures used ill-
ness as a proxy marker of overtraining syndrome: 
currently insufficient evidence and data to quan-
tify the risk of illness in response load fluctua-
tions exist, and further studies are required [22].

Measuring the intensity of a climbing session 
using time likely provides an imprecise statistic 
that fails to capture significant performance data. 
In order to create a sport-specific sessional mea-
sure of external load, we suggest the following 
factors to be considered and appropriate weight-
ings applied: sum of ascents; grade of ascents; 
climbing behaviour; nature of ascent, e.g. red-
point; and completions to non-completion ratio. 
The IRCRA comparative grading scale could be 
used to provide a single value that accounts for 
both operational performance grade and climbing 
behaviour. Internal load could be captured using 
the CR10 scale and multiplied with external load 
to calculate total load.

21.2.3  Acute Chronic Workload 
Ratios

High levels of physical preparedness and muscu-
loskeletal adaptation likely protect against injury, 
but it is vital athletes achieve this in a controlled 
and systematic manner. The acute/chronic work-
load ratio (ACWR) is proposed as an effective 
method of monitoring training and competition 
load by means of modelling the relationship 
between changes in load and injury risk in ath-
letes [23]. The ACWR is calculated by dividing 
an athlete’s current training load (acute), usually 
gathered over the last 7 days by the typical train-
ing load the athlete has completed (chronic), usu-
ally gathered over the last 4 weeks. The typical 
training load may be calculated using a rolling 
average method or an exponentially weighted 
moving average. A ratio of greater than 1.5 is 
suggested to indicate an increased risk of injury; 
a ratio of 0.8–1.3 is suggested optimal and indi-
cates a reduced risk of injury [23].

The IOC consensus group reviewed data in 
relation to relative load, rapid changes in load 
and injury risk in athletes and reported that team- 
sport athletes reacted significantly better when 
imposed load variations were controlled and 
relatively small in magnitude [24]. Furthermore, 
the consensus group reported ACWR to be appli-
cable for use with individual sports participants 
[24]. A review of 22 studies supported the use of 
ACWR as part of a range of measures to monitor 
training load in athletes but concluded that fur-
ther research across a range of sports is needed 
[25]. Legitimate conceptual and methodological 
concerns in regard of ACWR to predict injury 
risk have been raised. Impellizzeri et al. [26] and 
the Australian Institute of Sport now advise it 
should not be used as an indicator of injury risk.

21.2.4  Summary

Athletes need to be physically prepared to fully 
meet the demands imposed upon them.

Despite a paucity of empirical research evi-
dence in climbing populations and methodologi-
cal concerns of the efficacy of ACWR to predict 
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injury risk, we recommend coaches and medical 
teams use monitoring protocols to better plan for 
the training and competitive requirements of their 
climbing athletes.

21.3  Contemporary Strategies 
Used to Develop Soft Tissue 
Robustness and Fatigue 
Management

21.3.1  Physical Preparation 
and Athletic Development

Injury is an inherent consequence of professional 
and amateur sport. The cause of injury is often 
multifactorial and rarely the preserve of one inde-
pendent factor [23]. Therefore, the prevention of 
injury in sport per se is governed by logical prin-
ciples that provide the athlete, healthcare profes-
sional and coaching team with direction. In the 
sport of climbing, these concepts are no different. 
Climbing, due to its heavy burden on the muscu-
loskeletal system, clearly lends itself to an injury 
profile which is bias towards injury of the upper 
quadrant, e.g. the shoulder elbow, wrist and hand 
[27], but must also consider the lower limb as the 
spectrum of injury changes with better injury sur-
veillance [25] The principles of acute and chronic 
load management, protective equipment, skill 
development and physical conditioning act as the 
cornerstone of injury prevention strategies simi-
lar to other sports [26].

Injury to musculoskeletal tissues causes a 
cascade of events which ultimately lead to tis-
sue trauma. The insult to musculoskeletal tissues 
is often the cause of acute or chronic manifes-
tations of mechanical load to biological tissues 
[27]. The biological load imposed upon muscu-
loskeletal tissues may lead to adaptation, main-
tenance or maladaptation [28]. Adaptation occurs 
when tissue is subjected to load and modifies to 
the imposed demands through positive changes 
in its material, morphological and/or physi-
ological properties [29]. In maintenance the load 
applied to tissues is within its biological capac-
ity such that no appreciable changes occur. In 
the maladaptive state, the tissues are subjected 

to mechanical and/or physiological loads that 
exceed the capacity of the tissue to tolerate the 
imposed demand [32]. This may cause a chronic 
injury state from excessive cumulative micro-
trauma, leading to insidious tissue disruption 
before being raised into the consciousness of the 
athlete. Contrastingly, injury can be the result of 
acute traumatic insult in which the force profile 
causes rapid catastrophic failure of tissues. The 
underpinning theories which encapsulate these 
ideas of biological adaptability to mechanical 
and physiological stress are numerous [31, 34, 
35]. However, all purport to optimally elevate tis-
sue capacity to higher levels of performance and 
ultimately protection of the athlete.

Pragmatically, healthcare professionals and 
members of the multidisciplinary team from an 
injury prevention perspective should familiarise 
themselves with the following strategies:

• Strategies to increase the ultimate load profile 
of tissues to mechanical stress

• Strategies to increase the metabolic capacity 
of the athlete to encourage fatigue resistance

• Strategies to decrease the acute and chronic 
stress imposed upon tissues

• Strategies to manage fatigue without affecting 
performance

21.3.2  Strategies to Increase 
the Ultimate Load Profile 
of Tissues to Mechanical 
Stress

Although, it may be self - evident that reducing 
the mechanical stress imposed upon musculoskel-
etal tissues in the sport of climbing can be injury 
protective. It is important to realise that mechani-
cal load is a potent stimulus for positive adapta-
tions of biological tissues [35]. In order for the 
athlete to develop physical expertise in bio-motor 
capacities (such as strength, rate of force develop-
ment, endurance, work capacity and power) which 
provide a performance advantage, there must be 
physiological stress [36]. The adaptive capabilities 
of the athlete’s musculoskeletal tissues are influ-
enced by the process of mechanotransduction.
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Mechanotransduction is the biological pro-
cesses in which tissues respond to mechanical 
load at cellular level [37]. The cells of mechani-
cally responsive tissues sense mechanical stimuli 
at the extracellular tissue level. This causes a 
cascade of events in most but not all musculo-
skeletal tissues. In responsive tissues, this leads 
to the deposition of collagen in architectural 
arrangements aligned to stress adaptation [38]. 
The stress adaptation is governed by the applica-
tion of appropriate mechanical stress which does 
not exceed the capabilities of the target tissues. 
This leads to positive adaptations in the tissues 
tolerance to manage stress and impose loads 
associated with physical activity [39]. Therefore, 
with appropriate physical training and athletic 
preparation, it is possible to alter the material and 
morphological properties of biological tissues. In 
the literature, this has been shown to be beneficial 
in both muscular [38], bone [39], tendon [42] and 
connective tissue models [41] both in  vivo and 
in  vitro and in cross-sectional studies in upper 
limb-based sports [42] and [45] climbing.

From a pragmatic perspective, the ability of 
a tissue to generate force provides an obvious 
performance advantage in a sport such as climb-
ing [46]. Morphological changes in muscle, 
tendon, bone and connective tissue are also asso-
ciated with improved muscular force capacity 
[39]. The nature of adaptations sought should 
be determined by the specific needs of the ath-
lete and the injury profile of the sport [47]. For 
example, increasing the stress tolerance of the 
wrist and forearm flexor muscles with resistance 
training may reduce injury risk in boulderers that 
are required to generate high levels of force at 
high velocities (Fig.  21.1). However, compare, 
for example, the alpine climber in which their 
sports-specific conditioning needs lend itself to 
lower force-velocity requirements.

Furthermore, it is important to realise that 
the technical demands of climbing are such that 
a significant reduction in chronic training load 
may not be advantageous for the climber’s yearly 
performance progression. A chronic reduction in 
training load would cause insufficient adaptive 
stress and also reduce the opportunity for techni-
cal improvement. This technical improvement or 

skill development is important in body weight- 
dominated sports [48]. The opportunity to refine 
movement skills and tactical awareness can be 
lost if too great a reduction in training load is 
used as a strategy for injury prevention.

21.3.3  Strategies to Decrease 
the Acute and Chronic Stress 
Imposed upon Tissues

Climbing is a sport based upon the skilful appli-
cation of force to optimise athletic performance 
[48]. Climbing requires the awareness and appli-
cation of temporal and spatial relationships 
between the centre of gravity and the base of 
support. The centre of gravity is a point of equi-
librium in all directions and a focal point for the 
earths gravitational pull on the body [49]. The 
climber must be cognisant of their line of grav-
ity and the orientation of the body to this line. 
This understanding of the centre of mass in rela-
tion to the base of support allows the climber to 
 minimise the effect of gravity and make progress 

Fig. 21.1 Bouldering athlete displaying high force out-
put during a bouldering problem
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during climbing [50]. These basic biomechani-
cal concepts affect balance and movement effi-
ciency of the climber. Balance and efficiency are 
governed by skill development [51]. A skill is an 
action or task directed towards achieving a spe-
cific goal [52]. In climbing, a motor skill requires 
voluntary movement of the athlete’s body seg-
ments to achieve a specific task. Motor skills in 
climbing require both gross motor skills involv-
ing large muscle groups and fine motor skills 
involving small muscle groups. Climbing is a 
continuous motor skill which is distinguished by 
its arbitrary beginning and end points [53].

Skill development utilises the application 
of physics to ensure effective force generation, 
force transfer and force absorption [54]. Skilful 
movement is a strategy that aims to reduce the 
stress placed upon the musculoskeletal system. 
This is achieved by optimising energy-efficient 
movement patterns [55]. In essence the objective 
is to ensure that the climber does not place exces-
sive force through structures that are either not 
suited to the role or lack the capacity to adapt to 
load because of their biology. This requires an in- 
depth understanding of both functional anatomy 
and clinical biomechanics to make a reasoned 
hypothesis about the potential effects of move-
ment inefficiency as a basis for pathomechanics 
[56]. In this regard, it is important to understand 
that strategies to decrease acute and chronic stress 
on musculoskeletal tissues are often interrelated. 
For example, the climber’s body position during 
movement is important because it influences the 
centre of gravity in relation to the base of sup-
port and hence the climber’s degree of balance 
on the wall (Fig. 21.2). These issues ultimately 
affect the metabolic cost of climbing and likely 
the performance outcome.

The mechanical output of an activity is sup-
ported by the body’s metabolism and the ener-
getics of exercise [57]. Therefore, the energy 
cost of a given mechanical output to ascend 
a climbing route is dependent upon the climb-
er’s efficiency of movement. Inefficiency has 
the potential to increase the metabolic cost of 
mechanical work leading to premature fatigue 

[58]. Fundamentally, poor body positioning 
and technique regardless of its cause can affect 
the interplay between biomechanics, injury and 
performance [59]. Biomechanical moment arms 
both at a whole body, body segment and local 
joint muscle region are important in human 
movement. Moment arms influence the magni-
tudes of force which must be overcome and gen-
erated by the climber during all activities. The 
musculoskeletal system generally works at a 
mechanical disadvantage when compared to the 
external environment. This often means the mus-
cular system is required to generate significant 
forces to overcome external resistances because 
of this disadvantageous arrangement [60]. This is 
why movement efficiency is theoretically of crit-
ical importance in delaying the onset of fatigue. 
Fatigue has been shown consistently to cause 
a reduction in muscle force [61], joint stability 
[60], impaired decision making [63] and reduced 
proprioception [64]. Fatigue of the muscular sys-
tem may place greater demands on noncontrac-
tile neuromuscular components such as bone, 
connective tissues and articular cartilage. This 
may manifest as a challenge to soft tissue integ-
rity and the maintenance of optimal anatomical 
relationships within and between joints. This 
may potentially contribute to increased injury 
risk.

Fig. 21.2 Lead climber displaying technical skill whilst 
ascending a competition route
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21.3.4  Strategies to Increase 
the Metabolic Capacity 
of the Athlete to Encourage 
Fatigue Resistance

Epidemiological evidence consistently reports 
a high occurrence of injuries to the upper limbs 
[27, 65]. Mechanical load imposes significant 
stressors on key structures such as muscle, ten-
don, peri-articular connective tissues and bone 
[64]. Contemporary models of training in climb-
ing reinforce modalities which stimulate tissue 
adaptations using mechanical load [48]. There 
is an abundance of research and contemporary 
thought recommending the use of physical prep-
aration modalities which condition the finger 
and forearm musculature [67]. Activities such 
as finger board training, use of campus boards, 
system boards and climbing-based activities are 
common [48]. However, while this has signifi-
cant sports specificity, such modalities impose 
high mechanical loads on musculoskeletal tis-
sues [69–71]. Repetitive high mechanical load 
will likely result in injury unless planned appro-
priately and utilised judiciously.

Broadly speaking climbing with the exception 
of speed climbing is by definition near maximal 
intermittent exercise interspersed with periods of 
submaximal exercise [71]. This suggests partici-
pants  need to have a well-developed capacity to 
support both aerobic and anaerobic metabolism. 
Therefore, alternative modalities that stimulate 
positive training adaptations should be con-
sidered as an injury prevention strategy for the 
climber. The ability to endure mechanical work 
through effective training of the metabolic sys-
tem is arguably an important parameter differen-
tiating optimal and suboptimal performance [72]. 
The climber, whose body is conditioned to offset 
fatigue yet maintain optimal force output over the 
duration of a climbing route, will often determine  
sucess [46]. The ability to resist fatigue, regard-
less of the event duration, is associated with an 
effective metabolic system [71].

The physiological attributes associated with 
climbing has been extensively reported else-
where [68, 75]. It is fundamentally important 
that the basic energetic requirements of climb-

ing are adequately understood by healthcare pro-
fessionals and support teams when developing 
training programmes. An appropriate training 
programme is one which prepares the climber for 
the demands of their specific discipline [75]. The 
metabolic demands of climbing are varied by the 
rate and duration of energy utilisation undertaken 
by the respective disciplines. For example, lead 
climbing and speed climbing imposed very dif-
ferent physiological demands upon the climber’s 
metabolism to sustain mechanical work. The lib-
eration of chemical energy for mechanical work 
occurs by the resynthesise of adenosine triphos-
phate (ATP) within the muscle cell [50]. The bio-
chemical process by which this energy source is 
liberated is dependent upon the rate and duration 
of mechanical work.

The energetics of exercise broadly falls into 
three different categories which ensure opti-
mal energy production for sports performance. 
Alactic, anaerobic glycolytic and oxidative phos-
phorylation energetics are the primary systems 
[77]. These systems while discrete in their con-
figuration are interrelated and active to varying 
degrees during all activities. However, during 
specific activities, there is often a strong predom-
inance of one system over another. For example, 
speed climbing because of its short duration 
(<10  s) and mechanical force output at high 
velocities utilises predominantly alactic energy 
systems of ATP and stored phosphagens [78]. 
Contrastingly, sport climbing routes utilise pre-
dominantly slow glycolytic and oxidative energy 
systems [79]. This contrast in energetics is attrib-
uted to the longer durations of physical activity 
associated with this type of climbing. There is 
an inverse relationship between the duration of 
a physical activity and the rate of energy produc-
tion permissible and hence the system utilised for 
the resynthesise of ATP [80].

Traditionally, training to improve the meta-
bolic capacity of the climber has focused upon 
modalities which target the sports-specific quali-
ties of climbing. This has traditionally included 
climbing-based activities and off the wall train-
ing, for example, finger boards and campus 
boards [51, 80] (Figs. 21.3, 21.4, and 21.5). This 
type of training arguably provides sports specific-
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ity because of the similarity in energetics, move-
ment patterns, neuromuscular force profiles and 
specific muscle groups used. However, while this 
is sports specific, it imposes a high mechanical 
load on musculoskeletal tissues. Contrastingly, 
other modalities whilst not climbing specific may 
be relevant in regard to the underpinning physical 
qualities that are important for climbing perfor-
mance [73, 80]. These modalities stimulate cen-
tral and peripheral adaptations in the metabolic 
pathways that support climbing performance 
without the mechanical load [70]. The aerobic 
oxidative system is the primary system respon-
sible for exercise at submaximal work rates. The 
efficiency of this system is of particular impor-
tance for achieving peak exercise performance 
in most sports [81]. The oxidative system has 
been suggested to contribute up to 50% of the 
energy requirement for force production after 
75  seconds of maximal exhaustive exercise 
[81]. Oxygen uptake (V02max) ranging from 54 
to 55 mL kg−1 min has been shown in climbers 

during treadmill running [82] which is consis-
tent with that seen in team sports and gymnastics 
[73]. However, peak VO2 of 43.8  mL  kg−1  min 
has been reported during treadmill climb-
ing [83]. This lower oxygen uptake is possibly 
attributed to the smaller muscle mass associated 
with climbing when compared to running and 
cycling. Therefore, this data, may suggest cen-
tral factors such as cardiac output and oxidative 
capacity are not limiting factors affecting climb-
ing performance. However, cardiac output is the 
delivery mechanism for oxygen and nutrition to 
exercising muscles [82]. This system facilitates 
the resynthesis of ATP between bouts of high-
intensity exercise and sustains high submaximal 
work rates [79]. At the site of  muscular tissue, 
the skeletal muscle cell needs energy to perform 
mechanical work [78].

Fig. 21.3 Climber using a fingerboard to develop finger 
and forearm muscle capacity

Fig. 21.4 Climber using a campus board to develop high 
velocity climbing-specific mechanical loading
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High-intensity exercise close to VO2 peak 
using various modalities has been shown to 
improve left ventricular contractile force and 
increased cardiac filling pressures [83]. Metabolic 
efficiency in skeletal muscle has also been shown 
to cause up regulation of oxidative and glycolytic 
enzymes [86]. Increase capillarisation within the 
muscle has been reported in addition to increased 
mitochondria protein transcription [85]. These 
central and peripheral adaptations collectively 
lead to a greater reliance on oxidative metabo-
lism at any given workload [82]. This for the 
climber is suggestive of a reduced reliance on 
anaerobic pathways because the point of transi-
tion to glycolytic metabolism is delayed. This 
adaptation is performance enhancing due to the 
delay in fatigue. However, of greater relevance 
is that these adaptations may be achieved using 
training modalities which minimise mechanical 
stress through musculoskeletal structures. High 
intensity interval training (HIIT) has been shown 
to be a viable method for developing both aero-

bic and anaerobic performance in various upper 
and lower limb-dominant sports [88, 89]. HIIT 
can be used for climbing-related training [77]. 
However, from an injury reduction perspective, 
we would recommend a boarder remit in which 
it is used as an adjunct to stimulate both central 
and peripheral adaptations to enhance energetics 
in non- climbing activities. This can involve pro-
gramming long and short HIIT interval training 
to target cardiopulmonary and oxidative muscle 
fibres, the glycolytic and alactic phosphate sys-
tems [73, 85]. This might include intervals ses-
sions based upon predetermined work to rest 
ratios using, for example, medicines ball throws, 
battle rope conditioning and power bag drags for 
upper body conditioning or cycling and/or run-
ning bases activities to upregulate central adapta-
tions [90] (Fig. 21.6).

21.3.5  Strategies to Management 
Fatigue Without Affecting 
Performance

A critical component underpinning injury pre-
vention in a physical preparation model for 
the recreational climber or climbing athlete is 
the systematic management of training-related 
fatigue. Stress reduction in the musculoskeletal 
system can be achieved by the management of 
fatigue [91]. The practical application of fatigue 
management over a training and competition 
year is the planned variation in training load on 

Fig. 21.5 Climber using a circuit board with additional 
system mass (weighted backpack) to mechanically over-
load the skill of climbing

Fig. 21.6 An athlete using battle ropes to develop high 
intensity metabolic fitness
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a daily, weekly and monthly basis to reduce the 
monotony of training [92]. Over a training and 
competition year, monotony can influence the 
climber’s risk of injury and illness. However, 
fatigue is an important part of the training and 
adaptation process and therefore must be man-
aged appropriately.

Periodization is a system and philosophy of 
training management whose aim is to apply the 
manipulation of intensity and volume during 
the course of a training or competition cycle 
[34]. The cycle may be one month, one year or 
a quadrennial cycle such as used for Olympic 
sports planning. Planning the training loads and 
sequencing periodic recovery to allow biologi-
cal adaptation is a critical step in the process 
[91]. Performance in any sport is often depen-
dent upon on the interplay between the mechan-
ical and metabolic work capacity the athlete can 
tolerate during physical activity. Periodization 
from a performance perspective has been 
shown to produce superior results for develop-
ing athletic performance [92]. This approach 
is driven by long-term planning to maximise 
the probability of physical preparedness of the 
climber. This minimises the risk of suboptimal 
underload or overload of bio-motor capacities 
deleterious to optimal performance and tissue 
robustness [93].

Periodization of mechanical and metabolic 
load is defined by training phases. In general, 
there are two major phases in the training sys-
tem: the preparatory phase and the competitive 
phase. The preparatory phase can be further 
subdivided based upon the needs of the climber 
into the general physical training phase and the 
sports- specific training phase. The subphases 
allow the detailed manipulation of training loads 
and volumes based upon the intended physiologi-
cal adaptations sought for optimal performance 
at a time point in the future [37, 90, 94]. There are 
various periodization approaches within the lit-
erature based on the needs of the athlete and phi-
losophies of athletic development. However, we 
would recommend a linear approach to program-
ming because this appears to offer a straightfor-
ward system for managing fatigue and load in a 
climbing athletes programme.

The methodology is operationalised by the 
structured variation in bio-motor capacities over 
the training year [94]. The principle of phase 
potentiation is an important construct of this 
method. Phased potentiation is the sequencing 
and ordering of physical qualities into training 
blocks. This ordering of bio-motor capacities is 
designed to ensure that physical qualities trained 
prior support the next phase of metabolic and 
mechanical loading of the climber. The manip-
ulation of volume, load, work to rest ratios and 
progression of bio-motor capacities (e.g. muscle 
strength/endurance >strength >power) potentates 
the adaptive process [95]. The strategy is foun-
dational in nature setting the framework for sub-
sequent phases of training. This is designed to 
minimise inappropriate fatigue while optimising 
athletic performance [96]. From this position, the 
material and morphological (mechanical) drivers 
for developing tissues robustness are achieved 
to support higher work demands for subse-
quent phases of the climber’s physical prepara-
tion plan. This type of systematic planning can 
also be applied to the metabolic development 
of the climber. In a similar manner to mechani-
cal loading, the phases of development also are 
structured in a way that lay the foundations for 
subsequent sports-specific metabolic condition-
ing [99]. Central cardio respiratory adaptations 
may be used early in a training year to develop 
a foundation for sports-specific conditioning 
and recovery in later months [90]. The need to 
develop intra-muscular adaptations in sports- 
specific muscles for high levels of performance 
may be less relevant at this stage of the training 
year [84]. However, as the training year pro-
gresses, the emphasis will change to target the 
energetics of sport-specific musculature [100].

In the competitive phase, training modalities 
should mimic the kinetics and kinematic profile 
of climbing and the climber’s end performance 
goals [101]. The training modalities will be 
highly sports specific and involve the refinement 
of climbing under realistic loads. The power 
and force output profiles should closely relate to 
either speed, sport, boulder, multi-pitch or other 
climbing speciality with identical work to recov-
ery ratios. At this juncture of the training cycle, 
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actual climbing will be the primary method of 
metabolic and mechanical development. This, 
for example, may involve competition simula-
tion at or slightly higher intensities than normal 
for competitive athletes. Correspondingly, it may 
involve long indoor routes laden with gear to 
simulate the demands of alpine climbing for the 
alpine climber. The specifics of this phase will 
be determined by the needs of the climber, type 
of climbing and performance level sought [95, 
103, 104]. The underpinning theoretical rational 
which supports a periodisation-based approach 
to training is the fitness fatigue model [34] and 
the general adaptation syndrome [31]. These 
theories elucidate how organisms adapt to train-
ing stress with positive or negative physiological 
adaptations.

21.3.6  Summary

Athletic development and physical preparation 
strategies are a cornerstone of climbing per-
formance and injury prevention. The ability of 
musculoskeletal tissues to adapt its material, 
morphological and physiological properties to 
the imposed demands provides a performance 
advantage. However, this load must not exceed 
the physical capacity of the tissues. The princi-
ples of skill development, fatigue management, 
metabolic development and effective tissue load-
ing underpin injury prevention management.
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22.1  Basics

Taping the hand and fingers for crack climbing 
has long been a commonplace practice to pre-
vent skin injuries. Professional boxers, football 
players, and basketball players often use tape to 
prevent injuries and to allow an early return to 
competition after an injury. Taping can help an 
athlete to work at his sport with some protection 
while not completely immobilizing the injured 
area as with a cast. Using tape correctly requires 
a proper diagnosis of the injury and the correct 
application of the tape. Several procedures used 
as treatment may also be used to prevent injury 
or to support recovery [1]. In the following chap-
ter, we will focus on therapeutic, static taping. 
Dynamic Kinesio® Taping (k-taping), which has 
a completely different ratio and approach, is 
used less frequently in rock climbing and will 
therefore not be included. Protective taping of 
the skin for crack climbing or for some finger 
pockets will help to reduce pain and skin dam-
age; nevertheless, general prophylactic taping is 
not recommended. Surprisingly, a study by 
Woollings et  al. [1] even highlighted it to be a 
risk factor for finger injuries! Nevertheless, in 
the rehabilitation after finger injuries, it is an 
essential tool when returning to climbing. So far, 
little scientific work has been performed con-
cerning taping and climbing [2–9]; thus, some of 
the information in this chapter may have only 
level 4 evidence. Nevertheless, we try to present 
this topic with as much scientific evidence as 
possible.

Applying static tapings in climbing should 
follow certain guidelines as insufficient taping 
can be ineffective or even harmful.
General Taping Guidelines [10]:
 – Tape should never be applied to the skin 

directly off the roll. To tape correctly, a strip of 
tape should be torn off at the desired length 
and then carefully applied to the injured area. 
Taping an injury straight from the roll usually 
makes the application too tight and causes 
skin breaks.

 – The width of the tape must relate to the size of 
the finger. It is crucial to apply the correct ten-
sion while applying the tape. This being said, it 
is also necessary to create soft tissue “win-
dows.” Thus, the subcutaneous tissue can 
release in these areas without being exces-
sively compressed underneath the tape. A fin-
ger that is fully covered underneath one or 
several layers of tape is not advisable and 
harmful.

 – As a general principle, taping should not be 
circular around a limb, as to not compromise 
blood flow. The fingers are an exception 
because, otherwise, the tape would not be sta-
ble enough and would loosen while climbing. 
Nevertheless, the tape should not restrict the 
blood flow or damage the finger nerves.

 – During the application of the tape, the finger 
must be in a functional position, depending on 
what effect the tape should accomplish. For 
example, if a complete extension of the PIP 
joint should be prohibited, as in the case of a 
joint capsule injury, the tape must be applied 
in a 30° flexion of the PIP joint.

Taping is used in climbing for various 
reasons:

 1. A preventative (protective) taping 
against skin abrasions and injuries is 
performed in crack climbing as well as 
for certain finger pockets. In certain, 
repetitive work on one hard move in a 
climb, a preventive joint capsule tape 
may be used [10]. A general prophy-
lactic finger taping is not recom-

mended and was even found to increase 
injury incidence [1].

 2. A therapeutic taping represents one 
part of therapy for (finger) overstrain 
injuries or during return to (climbing) 
sports after an acute (finger) injury. 
Also, some acute finger injuries (e.g., 
collateral ligament injuries) can receive 
therapeutic tapings for partial 
immobilization.
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305

 – The respective body region should not be 
shaved directly before taping, as this may 
cause micro skin abrasions which can cause 
infections.

 – The skin should be dry and clean before 
taping.

22.2  Pulley Taping (Pulley Injury, 
Tenosynovitis) (H-taping)

Indication: Pulley injury, Tenosynovitis
After closed pulley injuries in climbers, a spe-

cific technique of finger taping is recommended 
to decrease the increased tendon bone distance 
(bowstring). Originally, circular taping around 
the base of the phalanx was recommended [7, 
11]. Schweizer et al. [8] determined a more distal 
and oblique tape position to be more effective. 
Further biomechanical studies by Roloff et  al. 
[12] lead to the invention of an even more effec-
tive technique, the H-tape [6]. This effectiveness 
of this technique was confirmed by a cadaver 
study in which human fingers were loaded with 
various tapings in various grip positions [6]. The 
new taping method decreased the tendon bone 
distance in the injured finger significantly by 
16% and was superior to other taping methods. 
The strength development was significantly bet-
ter with the new tape for the crimp grip position 
(+13%), while there was no significant improve-
ment for the hanging position [6]. The study 
could not observe any increase in strength in the 
healthy finger after having applied the tape, 
which undermines the observations of Schweizer 
et al. [8] and Warme and Brooks [7] that taping 
can never approximate or improve upon the 
effectiveness of an intact pulley system [6].

This taping technique is also effective in the 
therapy of tenosynovitis of the finger flexor ten-
dons as it decreases the deflection of the tendons 
at the distal rim of the A2 and the proximal rim of 
the A4 pulley, thus decreasing friction [13, 14].

In a pulley injury, the flexor tendons experience 
an increased distance to the bone while flexing the 
finger. This is called the “bowstring phenomenon,” 
and it increases with the grade of finger flexion. 
The forces acting on the pulley are strongest in a 

flexed position. The force being applied on the fin-
ger flexor tendon pulley system is a function of the 
tension being developed in the flexor tendons and 
the angle between the tendon and the pulley [12]. 
In order to decrease the force on the pulley (poten-
tially causing the rupture), the goal must be to 
diminish this angle since the tendon tension can-
not be influenced [12]. While the A2 and A4 pul-
leys are rather stiff, the A3 pulley is weak, thin, 
and very flexible as it is attached on the palmar 
plate, which increases its flexibility during motion, 
as shown by an MRI study by Bayer et al. [15]. In 
an A2 or A4 injury, the flexor tendons separate 
from the bone (bowstring) as the A3 stretches and 
do not influence the path taken by the tendon.

A biomechanically effective tape thus needs to 
counteract the bowstring of the tendon, which is 
most effective at the point of the most pronounced 
distance between the tendon and bone. The maxi-
mum distance is situated at the point of maximum 
joint flexion of the PIP which coincides with the 
A3 pulley and on the outside, the crease in the skin 
over the PIP joint on the palmar aspect of the fin-
ger. Additionally, at the level of the pulleys, there 
is a substantial amount of subcutaneous tissue, 
whereas at the level of the flexor crease at the PIP 
joint, this is minimal. In consequence, tape applied 
over the crease of the skin at the PIP joint can 
deliver maximum support to the flexor tendons in 
comparison to other anatomical landmarks. After 
the initial study and invention of the H-tape, mul-
tiple variations have been discussed online. 
However, only the original technique has been 
investigated scientifically so far [10].

For the application of a correct H-tape, a 
1.5 cm-wide and 8–10 cm-long strip of tape is cut 
(size varies according to finger size). The strip is 
then split longitudinally from both ends in such a 
way that a central “bridge” of 1 cm width remains 
(branches ~0.75  cm wide, Fig.  22.1) [13]. The 
central “bridge” of the tape is pressed onto the 
flexor fold of the PIP joint. The two proximal 
branches are then applied rather tightly onto the 
base phalanx. With the PIP joint flexed at about 
45–60°, the two distal branches are then tight-
ened over the middle phalanx (Fig.  22.2). The 
tape should be rather tight; thus, it should only be 
applied directly before climbing to minimize 
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potential blood flow restriction (Fig. 22.3). It is 
crucial to know that the tape will loosen during 
climbing. To enhance the tape, a second layer (a 

thin figure-eight-shaped tape) can be applied on 
top of the H-tape to protect the base-layer [10].

 1. As the tape is exactly positioned over the fin-
ger middle joints folding crease, it accom-
plishes various effects. The finger’s 
subcutaneous fat and tissue is minimal at this 
point; the tape’s pressure can directly work on 
the force transmission of the flexor tendons.

 2. The tape supports the A3 pulley. The A3 pul-
ley is thinner and weaker, thus more flexible 
than the A2 and A4 pulleys. Additionally, it is 
not attached directly to the bone but to the pal-
mar plate, which increases its flexibility dur-
ing motion.

 3. The tape indirectly decreases the forces acting 
on the injured A2 or A4 pulley [13] (Chap. 
6.3.1. Figs. 11 and 12).

The effect of the H-tape also works similarly 
for tenosynovitis. During the crimping grip posi-
tion, the flexor tendons are bent at the distal end 
of the A2 pulley and at the proximal end of the 
A4 pulley [16, 17]. This leads to an increased 
flexion of the tendons and thus increased friction 
on the rim of the pulley [13, 17]. Repetition of 
this position can lead to a chronic inflammatory 
reaction of the tendon sheath [18]. As the H-tape 
decreases the angle of flexor tendon deflection, 
friction will be reduced, and the tenosynovitis 
can recover [14, 18]. In an ultrasound study, 
Schöffl et al. [6] showed that only the H-tape can 
significantly decrease the tendon bone distance 
and increase finger strength taping after finger 
pulley rupture. No benefit was found for any tape 
in an intact pulley system. After a pulley rupture, 
taping during climbing should be performed for a 
few months (see Chap. 6 “Finger Injuries”). This 
helps to reduce the risk that symptoms will 
become chronic or an onset of tenosynovitis 
based on finger pulley injury. While the H-tape is 
found to work effectively in tenosynovitis [13, 
14], circular tape at the base of the proximal pha-
lanx can also be effective in cases of minor teno-
synovitis [10]. Alternatively, a more distal taping 
method as shown by Schweizer et al. [8] can be 
used for both pathologies.

Fig. 22.2 Applying the tape: the PIP joint is flexed, and 
first the distal branches and then the proximal branches 
are fixed (Photo: Michael Simon)

Fig. 22.3 The bridge of the tape is directly upon the 
flexor fold of the PIP joint (Photo: Michael Simon)

Fig. 22.1 The tape is split from both ends, and the branches 
should not be too wide. Normally, we use a 1.5 cm-wide and 
8–10  cm-long strip of tape; thus, the branches are about 
0.75 cm wide each (Photo: Michael Simon)
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22.3  Finger Middle Joint (PIP 
Joint)

Indication: Middle joint capsule injury, capsuli-
tis, strain of the flexor tendons, and lumbricals

The proximal interphalangeal joint can be best 
supported by a “figure eight” (or 8-shaped) tape. 
It is important to apply it in a functional finger 
position, meaning a 45° flexion of the PIP joint, 
so the tape reduces the overall extension, while 
the full finger flexion is still attainable. Fist clo-
sure, rope and belay device management, and 
other hand functionalities are guaranteed [10]. 
The finger middle joint’s capsule undergoes the 
most stress in passive overextension. The same 
applies to the flexor tendons, which are sensitive 
to overextension. Thus, the aim of the tape is to 
avoid finger hyperextension, which is why it 
needs to be applied in a flexed finger position. If 
the tape were to be applied in an extended finger 
position, it would be ineffective.

Starting at the base of the finger, the first wrap 
of tape should go around the base phalanx, as 
close to the palm as possible. While crossing the 
middle joint, it is important to keep 30–45° of 
flexion in this joint. The tape then encircles the 
middle phalanx and comes back to the base pha-
lanx, crossing palmar sided at the PIP joint. At 
this point, the 30–45° flexion is highly important. 
The tape is finished by encircling the base pha-
lanx. Similar to the H-tape, it is important that the 
tape branches are not too wide, enabling stress to 
be applied to certain areas, while other areas 
work as stress release for (sub-)cutaneous tissue. 
Therefore, a soft tissue window should be kept 
free of tape on the palmar side of the proximal 
joint. As previously stated, full coverage of the 
finger with tape is insufficient and harmful [10] 
(Figs.22.4, 22.5, 22.6, 22.7, and 22.8).

22.4  Finger Middle Joint 
Collateral Ligament Injury

Indication: Collateral Ligament Injury PIP
A collateral ligament injury to the PIP joint 

can also be effectively supported by a modified 
figure eight tape. In the initial phase of the injury, 

a splint immobilization is advised followed by a 
buddy-taping [18]. In the next phase of recovery, 
a modified figure eight tape is used. Therefore, 
the crossing of the eight is not applied to the pal-
mar side at the PIP joint but onto the injured lat-
eral side. It is highly important that the finger is 

Fig. 22.4 Taping of the finger middle joint: starting at the 
base of the finger, the first wrap of tape should go around 
the phalanx as close to the palm as possible (Photo: 
Michael Simon)

Fig. 22.5 While crossing the middle joint, it is important to 
keep 30–45° of flexion in this joint (Photo: Michael Simon)

Fig. 22.6 The tape circles around the middle phalanx 
(Photo: Michael Simon)
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flexed at 30–45°, while the lateral crossings are 
performed. The collateral ligaments of the fingers 
are mostly tensioned in a slight flexion of about 
30°; while in a complete extension, the PIP joint 
has some bony lockage. Alternatively, various 
single straps can be taped out by doing a base 
circulation at the finger’s middle and base pha-
lanx combined with longitudinal straps based on 
top of both sides which are finally fixed by 
another layer of circulations at the base and mid-
dle phalanx. As this tape consists of multiple lay-
ers, it tends to protrude more and also tears off 
more easily. We therefore recommend the 
 lateral- sided figure eight [10] (Figs. 22.9, 22.10, 
22.11, and 22.12).

22.5  Finger End Joint (DIP Joint)

Indication: Joint capsular injury, capsulitis, gan-
glion cyst

As the distal interphalangeal joint (DIP) is 
tiny, a figure eight taping does not work there. 
Additionally, it would cover too much of the fin-

Fig. 22.7 It then crosses again palmar sided the PIP joint 
(Photo: Michael Simon)

Fig. 22.8 A soft tissue release window is important 
(Photo: Michael Simon)

Fig. 22.9 In a collateral ligament injury, the tape starts as 
with a classic figure of eight tape close to the fingers base 
but crosses the PIP joint in 30–45° flexion at the respec-
tive side of the injured ligament (Photo: Michael Simon)

Fig. 22.10 After circling around the middle phalanx, the 
tape is lead back to the base phalanx, crossing the PIP 
joint sideways, which is in a 30–45° flexion (Photo: 
Michael Simon)

Fig. 22.11 The tapes’ crossing is sideways at the PIP 
joint (Photo: Michael Simon)
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gertip and decrease friction while climbing. 
Thus, for the finger end joint, we recommend 
plain circular tape directly around the joint [10] 
(Figs. 22.13 and 22.14).

22.6  Finger Base Joint (MCP Joint)

Indication: Joint capsular injury, capsulitis, liga-
ment injuries, injuries to the connexus interten-
dineus of the extensor tendons

Taping of the finger base joint (MCP joint) is 
a bit trickier but can be effective. For this taping 
technique, the skin must be dry and clean, as the 
tape has free ends. During its application, the 
MCP joint is flexed at about 20°. The branches of 
the tape should cross each other, one distal and 
the other proximal to the knuckle (head of the 
metacarpal). The ends of the tape are only pressed 
onto the dorsal aspect of the hand, without any 
additional reinforcement (tape sticks better to 
tape than to skin). We found that these free ends 
still hold onto the skin well and do not come off 
too easily [10] (Figs. 22.15 and 22.16).

Fig. 22.12 The tapes’ crossing is sideways at the PIP 
joint (Photo: Michael Simon)

Fig. 22.13 To stabilize the DIP joint, it is directly encir-
cled by a thin tape layer (Photo: Michael Simon)

Fig. 22.14 To stabilize the DIP joint, it is directly encir-
cled by a thin tape layer (Photo: Michael Simon)

Fig. 22.15 Tape stabilization of the MCP joint needs to 
be performed in 30° flexion with the tape branches cross-
ing each another. These crossings are distal and proximal 
of the “knuckle” (Photo: Michael Simon)

Fig. 22.16 Tape stabilization of the MCP joint needs to 
be performed in 30° flexion with the tape branches cross-
ing each another. These crossings are distal and proximal 
of the “knuckle” (Photo: Michael Simon)
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22.7  Buddy-Taping

Indication: Collateral ligament injury PIP, joint 
capsular injury, lumbrical injury

In severe PIP joint capsular injuries, collateral 
ligament injuries, and lumbrical muscle tears, 
buddy-taping is very effective for both therapy 
and during the process of returning to sport. The 
healthy finger thereby works as the “buddy,” sta-
bilizing the injured finger [10] (Fig. 22.17).

22.8  Lumbrical Tape

Indication: Lumbrical muscle strain or tear
Lumbrical muscle injuries can be very effec-

tively treated with taping [19]. In the acute phase, 
a “buddy”-tape is used; later, we recommend the 
lumbrical tape, as shown here. The tape is applied 
dorsally to the injured finger. This allows the fin-
ger to freely bend but prevents the adjoint fingers 
from flexing far if the injured finger is pulling in an 
extended position. Thus, the lumbrical muscle can 
be relieved from stress (Figs.  22.18, 22.19, and 
22.20). This taping technique is also very helpful 
in restarting climbing after a lumbrical strain.

22.9  Wrist

Indication: Tenosynovitis, discus lesion, synovi-
tis in the ulnocarpal recesses

With the increasing number of people who 
have become interested in climbing, climbing- 

Fig. 22.17 One tape fixes the base phalanx, and the other 
fixes the middle phalanx to the adjunct finger. If the 
lengths of the phalanges are very different, these strips 
must be attached obliquely (Photo: Michael Simon)

Fig. 22.18 The tape starts at the index finger and runs 
dorsally behind the (injured) middle finger to the ring fin-
ger (Photo: Michael Simon)

Fig. 22.19 After encircling the ring finger, the tape 
comes back to the extensor side of the ring finger and is 
attached to itself (Photo: Michael Simon)

Fig. 22.20 The tape then ends at the index finger and 
prevents the adjunct fingers from being bent far in a 
mono-pull of the middle finger. Thus, the lumbricalis 
muscles are relieved from stress (Photo: Michael Simon)
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related injuries of the wrist and the forearm are 
currently seen more frequently than they have 
been in the past. As more and more athletes per-
form the sport on a level which had previously 
only been reached by a few top athletes, injuries 
such as hamate fractures or other pathologies of 
the wrist have become more common [20–22]. 
Circular wrist taping is a technique commonly 
used by athletes in different sports to both 
strengthen and stabilize the wrist for a high- 
compression load (e.g., weightlifting [23, 24], 
gymnastics [25, 26]) or to stabilize the wrist for 
tensile stress as present in climbing when the ath-
lete is pulling on his/her hand [10, 20]. However, 
in their 1997 study, Rettig et al. proved that circu-
lar wrist tape, with or without additional taping 
of the fingers, does not increase wrist strength 
[9]. Contrary to the perceptions of the athletes, 
Takahashi et  al. even showed that tight circular 
wrist tape can even slightly decrease grip strength 
when applied too tightly. However, no climbing-
specific data on grip strength variations under 
wrist tape has been published so far.

Climbers suffering from a feeling of instabil-
ity in the wrist or nonspecific wrist pain are often 
diagnosed with injuries of the ligaments and cap-
sules or even with bone marrow edema of the car-
pal bones or carpal fractures [10, 20]. The pain 
and discomfort mainly arise in radial/ulnar 
abducted positions of the hand or while grasping 
an undercling (position of the hand in maximum 
supination) [10, 20].

During climbing or bouldering, the majority 
of thenar and hypothenar muscular strength is 
transferred to the carpal bones and the distal 
part of the radius by the transverse carpal liga-
ment, causing frequent reactions of the lunate 
and the distal radius [22, 28]. If maximum 
strength is applied in a slightly ulnar abducted 
and dorsally flexed position of the hand, the 
carpal bones (especially the lunate) are in a 
relatively unstable position, as biomechanical 
analyses have shown [4, 28]. Lutter et al. [20] 
published a study which showed that high 
stress to the flexor tendons can even cause frac-
tures of the carpal bones. It is comprehensible 
that radioulnar joint instability or anatomic 
predispositions such as incongruent wrists 

(pos./neg. ulnar variance) can exacerbate the 
development of problems in this region [4, 22].

22.9.1  Taping Technique

Unlike finger tapes, for which thin strips of tapes 
are used [6], wider tapes are recommended for 
circular wrist tapes [4]. As climbers need both 
stability within the wrist and a high level of flex-
ibility, the tape strips are recommended to be 
approximately 2.5  cm wide. This width allows 
for an increase of pressure within the carpal while 
maintaining the flexibility of the wrist. Due to the 
fact that this taping technique increases the carpal 
and thus adds stability within the wrist and not 
the distal part of the forearm, it is recommended 
to place the tape distally to the styloid process of 
the ulna (skin fold of the wrist) [4] (Fig. 22.21). 
This supports the carpal architecture, including 
the transverse carpal ligament. In contrast to 
Takahashi et  al. and Rettig et  al., who investi-
gated athletes directly after taping the wrist, we 
recommend applying the circular wrist tape 
rather firmly (two to three layers) due to the fact 
that even non-elastic tape loosens a little bit 
within the first minutes of climbing [4, 9, 10]. 
Additionally, in mantle and stemming moves, the 
climber applies high pressure to the distal radio-
ulnar joint, which allows some grade of divergent 
movement. If the tape is too tight, this would be 
painful. It must be considered that not all wrist 
conditions benefit from circular taping, which 

Fig. 22.21 The wrist is encircled one and a half to two 
times with a 2  cm-wide tape, as far distally as possible 
(Photo: Michael Simon)
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may be explained by the intra-articular increase 
of pressure due to the tape [4]. If the climber’s 
pain worsens with the tape, it should not be con-
tinued [4].

22.10  Base Joint of the Thumb

Indication: Joint capsule and collateral ligament 
injuries, hypermobility

Strains or tears of the ulnar collateral ligament 
of the thumb, commonly suffered in falls while 
skiing, can cause a severe pain in the respective 
area. If a serious injury or complications (e.g., 
Stener lesion) are excluded, taping the thumb can 
help reduce pain and offer stabilization and pro-
tection. The tape starts with two base layers 
around the wrist and the proximal phalanx of the 
thumb. The following layers are then applied like 
roof tile, with one layer stacking over the previ-
ous one. The crossing point of the tapes should be 
at the point of the injury; thus, the tape can be 
varied accordingly. This technique creates sup-
port for the thumb similar to a soft splint 
(Figs. 22.22, 22.23, and 22.24) [10].

22.11  Hand Taping in Crack 
Climbing

Indication: Prophylactic in crack climbing
There are a number of products that help pro-

tect the hands when crack climbing. The tradi-
tional form of protection is athletic tape; we 
demonstrate a simple “one-strap” method to pro-
duce a “crack glove” [10]. There are more com-
plicated methods of taping around the fingers; 
however, this method is effective and simple. 
This is one of the few methods in which the tape 
is attached to the hand directly off from the roll. 
The tape is pulled out from the roll in 20–30 cm 
increments before being wrapped around the 
hand. The tape should not be pulled while wrap-
ping, as this will inadvertently make the glove 
too tight.

To start, the end of the tape is placed on the 
back of the wrist with the fingers spread as wide 
as possible. The tape glove is started with one to 

two circular wraps around the wrist and then con-
tinued diagonally across the back of the hand. At 
the base of the finger, the tape makes a slight turn, 
the hand is turned over, and the tape is placed at 
the very end of the palm. The tape is then brought 

Fig. 22.22 The tape branches will be set so they cross 
each another at the dorsum, starting distally and continu-
ing stepwise proximally, partially overlapping (Photo: 
Michael Simon)

Fig. 22.23 This is continued proximally (Photo: Michael 
Simon)

Fig. 22.24 Finally, an anchoring strip is placed on top 
horizontally (Photo: Michael Simon)
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back to the dorsal aspect of the hand, placed just 
over the MCP joints and again across the same 
area of the palm. Rounding the blade of the hand, 
the tape is pulled toward the wrist. Another wrap 
is performed around the wrist, finishing the glove. 
This method covers part of the palm, but that area 
usually separates from the tape while climbing, 
allowing the tape to roll into a wide strip that is 
independent of the palm (Figs.  22.25, 22.26, 
22.27, 22.28, 22.29, and 22.30) [10].

22.12  Elbow Taping

Indication: Epicondylitis, hypermobility of the 
ulnar nerve, brachialis tendinosis

Taping the elbow is used as therapy and pro-
phylaxis for epicondylitis (medial or lateral), bra-

chialis tendinosis, and an irritated, hypermobile 
ulnar nerve. As many larger taping techniques 
and external braces reduce venous blood back-
flow and increase the feeling of “pumped” fore-
arms, we use a singular tape directly over the 
epicondyles at the elbow’s flexor fold [10]. This 
technique is applied by wrapping a 2–2.5  cm- 
wide strip of tape around the elbow. It is impor-
tant to flex the elbow at 90° and tense the biceps 
when closing the tape. With elbow flexion and 
biceps tension, the diameter of the elbow 
increases; tape applied onto a relaxed muscle in 
extension would cause an excessively tight tape 
that is prone to rupture. Correctly applied tape 
should be rather loose and lay in folds on the 
skin. When the elbow is flexed and the bicep 
muscle is tensed, pressure is applied to the epi-
condyles. For this taping technique, the effective 

Fig. 22.25 The tape starts with one to two circulations 
around the wrist and then runs dorsally diagonally over 
the back of the hand. Then, it wraps around the palm twice 
and comes back diagonally over the back of the hand to 
the wrist, where it is wrapped around again (Photo: 
Michael Simon)

Fig. 22.26 The tape starts with one to two circulations 
around the wrist and then runs dorsally diagonally over 
the back of the hand. Then, it wraps around the palm twice 
and comes back diagonally over the back of the hand to 
the wrist, where it is wrapped around again (Photo: 
Michael Simon)
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mechanism is more through stimulation of the 
proprioceptors than a pure mechanical effect. 
Overall, this taping technique is more accommo-
dating during climbing than external braces, as 
these decrease blood flow and thus increase 
“pumped” forearms (Figs.  22.31, 22.32, 22.33, 
and 22.34) [10].

22.13  Taping of the Ankle

Indication: Sprains, chronic instability
Ankle injuries (strains and sprains) are fre-

quent, especially in bouldering, and supportive 
taping can be used as therapy, depending on the 
extent of the injury, as well as during the pro-
cess of returning to sport. There are many varia-

tions of ankle-joint tapings presented in 
literature. We demonstrate an easy and repro-
ducible technique.

First, a base layer (anchor strips) of two 
semicircular straps is applied at the forefoot 
and the lower leg. Then, the actual holding 
strips, which are “U”-shaped (stirrup), are 
applied to the front and to the lower leg. There 
should be three strips of each, applied alternat-
ingly. The most important strip is then applied, 
fixing the foot in a pronation through elevation 
of the lateral foot edge. While this being 
applied, it is crucial that the foot is kept in a 90° 
flexion and pronation. Finally, the tape can be 
covered with optional semicircular sheeting. 
We would definitely apply the sheeting to 
severe injuries (following the acute phase), but 

Fig. 22.27 The tape starts with one to two circulations 
around the wrist and then runs dorsally diagonally over 
the back of the hand. Then, it wraps around the palm twice 
and comes back diagonally over the back of the hand to 
the wrist, where it is wrapped around again (Photo: 
Michael Simon)

Fig. 22.28 The tape starts with one to two circulations 
around the wrist and then runs dorsally diagonally over 
the back of the hand. Then, it wraps around the palm twice 
and comes back diagonally over the back of the hand to 
the wrist, where it is wrapped around again (Photo: 
Michael Simon)
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if the tape is supposed to support the foot in a 
climbing shoe, it may be too thick. It must be 
mentioned that this taping technique is circular 
and cannot be used directly after an acute 
trauma, as this may cause compartment syn-
drome. After completion of this taping tech-
nique, the distal tape is cut from distal to 
proximal for about 1–1.5 cm in the first inter-
digital space. In a normal standing position, the 
metatarsals yield transversally to the weight, 
and the actual diameter of the forefoot increases; 
thus, the tape would be too tight (Figs. 22.35, 
22.36, 22.37, 22.38, 22.39, 22.40, 22.41, 22.42, 
22.43, 22.44, 22.45, 22.46, and 22.47).

22.14  Conclusion

Taping techniques, especially for the hand and 
fingers, are important therapeutic tools for climb-
ers, especially during rehabilitation and the pro-
cess of returning to. Specific biomechanical tapes 
can relieve stress on the finger flexor tendon pul-
leys, the tendons, and the joint capsule. Correct 
application of these tapings is essential, and soft 
tissue “windows” are important in order to ensure 
that a certain pressure can be applied to various 
areas, while other areas release the (sub-)cutane-
ous tissue. Fully covering a finger with tape is 
ineffective and harmful.

Fig. 22.29 The tape starts with one to two circulations 
around the wrist and then runs dorsally diagonally over 
the back of the hand. Then, it wraps around the palm twice 
and comes back diagonally over the back of the hand to 
the wrist, where it is wrapped around again (Photo: 
Michael Simon)

Fig. 22.30 The tape starts with one to two circulations 
around the wrist and then runs dorsally diagonally over 
the back of the hand. Then, it wraps around the palm twice 
and comes back diagonally over the back of the hand to 
the wrist, where it is wrapped around again (Photo: 
Michael Simon) 
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Fig. 22.31 The tape runs directly over the ulnar epicon-
dyle, goes around the back of the arm, and comes to the 
lateral epicondyle. It is then closed at the front. For clo-
sure, the biceps must be tensed and the tape must be 
applied very firmly. In a relaxed arm, the tape should have 
folds which these unfold as the tape is under tension dur-
ing muscle activation and flexion. Thus, it works with 
direct pressure onto the epicondyles and muscle insertions 
while guaranteeing free blood flow when the arm is 
relaxed (Photo: Michael Simon)

Fig. 22.32 The tape runs directly over the ulnar epicon-
dyle, goes around the back of the arm, and comes to the 
lateral epicondyle. It is then closed at the front. For clo-
sure, the biceps must be tensed and the tape must be 
applied very firmly. In a relaxed arm, the tape should have 
folds which these unfold as the tape is under tension dur-
ing muscle activation and flexion. Thus, it works with 
direct pressure onto the epicondyles and muscle insertions 
while guaranteeing free blood flow when the arm is 
relaxed (Photo: Michael Simon)
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Fig. 22.33 The tape runs directly over the ulnar epicon-
dyle, goes around the back of the arm, and comes to the 
lateral epicondyle. It is then closed at the front. For clo-
sure, the biceps must be tensed and the tape must be 
applied very firmly. In a relaxed arm, the tape should have 
folds which these unfold as the tape is under tension dur-
ing muscle activation and flexion. Thus, it works with 
direct pressure onto the epicondyles and muscle insertions 
while guaranteeing free blood flow when the arm is 
relaxed (Photo: Michael Simon)

Fig. 22.34 The tape runs directly over the ulnar epicon-
dyle, goes around the back of the arm, and comes to the 
lateral epicondyle. It is then closed at the front. For clo-
sure, the biceps must be tensed and the tape must be 
applied very firmly. In a relaxed arm, the tape should have 
folds which these unfold as the tape is under tension dur-
ing muscle activation and flexion. Thus, it works with 
direct pressure onto the epicondyles and muscle insertions 
while guaranteeing free blood flow when the arm is 
relaxed (Photo: Michael Simon)
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Fig. 22.35 A base layer with an adhesive bandage is 
applied to avoid skin alterations (Photo: Michael Simon)

Fig. 22.36 A base layer with an adhesive bandage is 
applied to avoid skin alterations (Photo: Michael Simon)

Fig. 22.37 Proximal and distal tape anchors are fixed in 
two half strips (Photo: Michael Simon)

Fig. 22.38 Proximal and distal tape anchors are fixed in 
two half strips (Photo: Michael Simon)

Fig. 22.39 The first retaining strap is applied in a 
“U”-shape (stirrup). It starts at the plantar aspect and is 
then attached at the lower leg. In the next step, the rest of 
the tape is molded onto the base layer with the palms 
(Photo: Michael Simon)
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Fig. 22.40 The second retaining strap comes dorsally to 
secure the talus. Three of these two respective strips are 
applied, alternating and partially overlapping each another 
(Photo: Michael Simon)

Fig. 22.41 It is crucial that the foot is bent at 90° and is 
in pronation during the taping (Photo: Michael Simon)

Fig. 22.42 The next strap is the most important for sta-
bility and runs obliquely underneath the medial malleolus 
(Photo: Michael Simon)

Fig. 22.43 The tape starts medially proximally (Photo: 
Michael Simon)

Fig. 22.44 The tape runs around the lateral side of the 
foot to work as a pronation strap and is continued to the 
cranial aspect (Photo: Michael Simon)

Fig. 22.45 Optional sheeting is applied with half wraps 
(Photo: Michael Simon)
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23.1  Competitive Sport Climbing

Climbing is currently experiencing a “boom” 
that has rapidly transformed it from a niche 
sport to a widely practiced popular sport [1]. 
The worldwide “boom” of the sub-discipline of 
bouldering and increasingly exciting competi-
tion formats in competitive sports has certainly 
played a decisive role in this development 
(Figs. 23.1 and 23.2) [2]. The great public inter-
est is emphasized by the World Cup livestreams 
of all climbing disciplines, the participation in 
major sporting events such as the “World 
Games,” and the inclusion in the Olympic pro-
gram. The IFSC (International Federation of 
Sport Climbing) World Cup circuit as well as 
major national and international competitions 
(world championships, Olympic qualifying 
competitions, etc.) has recently been attracting 
an increasingly large audience (Fig. 23.3). One 
of the main reasons for this is a new competi-

tion format adapted to the interests of world-
wide (TV) viewers, in which two or more 
athletes no longer climb simultaneously but 
start one after the other. Optimized camera set-
tings and specialized commentators provide 
additional excitement. Spectator records at the 
competition sites are regularly broken, and TV/
livestream ratings continue to increase.

Fig. 23.1 Competitive athlete in a boulder final 2020. 
(M. Kleesattel, Germany; Photo: Lutter)

Fig. 23.2 Jernej Kruder (left) and Adam Ondra (right) 
during the IFSC Boulder World Cup in Munich 2019. 
(Photo: Lutter)

Fig. 23.3 A large crowd of visitors during the qualifica-
tion day of the IFSC Boulder World Cup in Munich 2019. 
(Photo: Lutter)
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After the initial euphoria, the inclusion in the 
Olympic program caused a certain amount of 
uncertainty in the climbing community, espe-
cially among the athletes [1]. Due to the strict 
specifications of the organizing committee, a 
“climbing triathlon” was initially chosen as the 
competition format for Tokyo 2020, combining 
the previously separate competition formats of 
bouldering, lead and speed climbing (so-called 
Combined). For the 2024 Games in Paris, a sepa-
ration of the sub-disciplines is planned. Based on 
the changed demands on the athletes, well- 
thought- out support of new talents is indispens-
able in order to avoid known climbing injuries 
and to prevent new injury patterns and overload 
reactions associated with the competition for-
mats [3].

In addition, a trend that has been apparent for 
some time is likely to continue in the coming 
years; the average age of the top athletes is con-
tinuously decreasing, and both on real rock and 
in competition formats, most records are set by 
young or even very young athletes [1]. The inclu-
sion in the Olympic program could reinforce this 
trend. Therefore, special attention must be paid to 
typical climbing injuries and overuse injuries in 
young athletes [4]. Injuries in the growth plates 
of the fingers and eating disorders (anorexia ath-
letica) are the two most frequent and important 
entities among young athletes.

The authors therefore recommend the follow-
ing steps and measures to ensure that the sport is 
safe and free of injuries in the future:

 1. Structured, evidence-based, sport-specific 
medical supervision for all ambitious athletes

 2. Supervision and adjustment of training and 
competition sites according to official recom-
mendations and standards

 3. Further development and consistent use of 
low-injury climbing holds and adapted route 
construction

 4. Age-specific training and competition adjust-
ment, especially for “Combined” athletes [1]

If these measures are considered and consis-
tently implemented, it should also be possible to 
ensure largely injury-free training and competi-

tion conditions for competitive athletes in the 
future of climbing sports.

23.2  Anti-Doping

For athletes, trainers, and fans of the sport, the 
rapid rise of climbing as a competitive sport is an 
exciting development. However, the new 
Olympic status as well as the increasing profes-
sionalization comes with added responsibility. 
With the growing pressure to perform in com-
petitive sports, the doping problem will inevita-
bly become more important. In modern sport 
climbing, performance-enhancing substances 
can be used for both physical and mental perfor-
mance enhancement. Competition climbing fed-
erations have adapted anti-doping rules or 
adopted regulations that had been standardized 
in other sports many years ago. So far, there is no 
corresponding scientific basis or evidence 
regarding the doping problem in climbing sport 
[2, 5]. This is in contrast to other new Olympic 
sports such as baseball or karate and reveals an 
urgent need to catch up. The state of knowledge 
about performance- enhancing substances in 
modern climbing is therefore still manageable 
and is largely based on anecdotal evidence and 
assumptions. Since a high strength-to-body 
weight ratio is crucial in climbing, low body 
weight has always been one of the decisive per-
formance-limiting factors. Various substances 
such as appetite suppressants, diuretics, and 
other supplements have been used by climbers in 
the past. To prevent anorexic disorders in ath-
letes, body weight or body mass index limits 
have been introduced in competition. However, 
severe sanctions have not yet been implemented. 
Instead, recommendations and warnings are 
issued to the relevant federations in the event of 
abnormalities. There is still little evidence of the 
use of stimulants to prevent fatigue, optimize 
training, or improve performance in competition. 
However, prohibited substances used in other 
sports also allow more intense and frequent 
training sessions in climbing, a shortened recov-
ery period, and improved performance in 
competition.
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Special importance is attached to anxiolytic 
and disinhibitory substances such as THC, which 
have positive psychological effects on the athletic 
performance of climbers and are unfortunately 
widespread in parts of the climbing community. 
The use of so-called low psychoactive cannabi-
noids (CBD oils, etc.) must also be viewed criti-
cally, even though these substances are not 
currently considered doping substances by the 
World Anti-Doping Organization (WADA) [2].

A further problem within the climbing sport is 
the partially insufficiently developed sports- 
medical supervision of (top) athletes. While 
internationally competing athletes from larger 
federations receive appropriate support from 
their national federations, athletes from smaller 
nations without sufficient funds sometimes do 
not receive sufficient sports-medical support at 
all (especially anti-doping).

The following measures are therefore 
recommended:

 1. Increased awareness of sports ethics in 
climbing

 2. Increased anti-doping education of fans, ath-
letes, trainers, and officials

 3. Sports-medical supervision for all competi-
tive athletes

 4. Cooperation between national sports organi-
zations in anti-doping efforts

 5. Increased monitoring and anti-doping con-
trols (training and competition)

23.3  Newbie Syndrome

Due to the enormous popularity of bouldering, 
there has been a significant shift in the number 
of climbing sport injuries in the last 5 years [6]. 
Among these injuries, more severe injuries have 
been reported, with the emphasis on indoor 
bouldering. In contrast to older surveys of injury 
severity in climbing and bouldering, a slightly 
higher number of more severe climbing injuries 
are currently being observed. When analyzing 
this current trend, the change of the bouldering 
sport and the development of modern boulder-

ing gyms must be especially considered. With 
the emergence of bouldering competitions, the 
design of bouldering routes has changed. The 
attractiveness of the sport for athletes and spec-
tators is improved by adapting the route con-
struction, demanding more and more spectacular 
and acrobatic movements. Modern boulder 
problems are often a combination of classical 
climbing and bouldering and acrobatic elements 
as seen in parkour. This requires different skills 
than in the past, both from competitive athletes 
and from recreational athletes who often do sim-
ilarly spectacular boulder problems. Most of the 
movements are dynamic and are often performed 
in a three-dimensional, overhanging wall struc-
ture. Special foot techniques such as so-called 
heel hooks are increasing frequently, which 
explains the increase of knee and hip injuries as 
a logical consequence of the changes in the 
sport. While the climbing or bouldering style 
and thus the athletic requirements change, 
another development can be observed parallel to 
this: a change in the athlete collective. 
Bouldering gyms have become popular meeting 
points and destinations for various events; now, 
company events and meetings, children’s birth-
day parties, etc. are sometimes held in boulder 
gyms. Visiting a bouldering gym has also 
become an important leisure activity for many 
people. This leads to a new injury mechanism, 
which we recently called “newbie” syndrome 
[7]. Among the large number of absolute begin-
ners, there are some physically unfit and coordi-
natively limited climbers who are interested in 
climbing. In such cases, even small falls can 
cause serious injuries, such as vertebral or luxa-
tion fractures (Fig. 23.4). Balance, body aware-
ness, and control are also less developed in 
absolute beginners than in athletes who have 
been practicing the sport for a long time and 
who had started climbing before acrobatic ele-
ments became common. Therefore, the current 
standards of modern boulder gyms must be 
adapted for injury prevention. Structured train-
ing (correct falling and rolling, etc.) and an 
introduction to the sport and its hazards is of 
utmost importance for beginner athletes.
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23.3.1  Conclusion

Regarding the large stage upon which climbing 
sports can and will present itself in the future, 
high demands are placed on sports physicians. 
Not only must injury patterns and overuse dam-
age be quickly recognized and treated, but the 
sports physicians also play an important role in 
the implementation of preventive measures and 
anti-doping work. Coaches, parents, and athletes 
rely on appropriate advice; only then can this 
inspiring sport continue to be valued and prac-
ticed by everyone as a spectacular, easily acces-
sible, and health-promoting sport.
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