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ABSTRACT
Objective This study aims to prospectively analyse 
current demographics, distribution and severity of climbing 
injuries in adolescents. We hypothesised that the injury 
distribution of adolescent climbers would differ from 
adults, as presented in the literature and that primary 
periphyseal stress injuries of the finger (PPSI) will be very 
common and correlate with training hours and climbing 
level.
Methods We performed a prospective single- centre 
injury surveillance of all adolescent (<18 years of age) 
climbers who presented between 2017 and 2020. A 
standard questionnaire, including questions for medical 
history, injury and training data and an examination 
protocol, was conducted in all patients. Injuries were 
graded, and risk factors, anthropometric specifics and 
stages of development were analysed. Injury epidemiology 
of adolescents was then compared with adults as 
presented in the literature.
Results 137 independent climbing- related injuries 
were found in 95 patients. Injury onset was acute in 67 
(48.9%) and chronic in 70 (51.8%). Forty- one injuries 
(29.9%) occurred during bouldering, 18 (13.1%) during 
lead climbing, 2 (1.5%) in speed climbing and 1 (0.7%) 
while training on the campus board. Average International 
Climbing and Mountaineering Federation injury score was 
1.5±0.5 (range 0–3). Females had more training hours 
(p=0.004), more campus board use (p=0.004) and more 
acute injuries than males (p<0.001). 82% of the injuries 
affected the upper extremity and the most frequent injury 
was PPSI (45.3% of all injuries). Finger injuries were 
significantly more common in males than in females 
(p<0.05). The injury distribution in adolescent climbers 
differed significantly from adults (p<0.001).
Conclusions Injured adolescent climbers had mostly 
chronic injuries affecting the upper extremity, with almost 
half of the injuries being PPSIs of the fingers. Further 
preventive measures targeting this type of injury need to 
be identified. Reducing the use of the finger crimp grip, 
monitoring the load, ensuring adequate recovery and 
targeted education appear to be crucial.

INTRODUCTION
Climbing developed into a modern trend 
sport, both at a leisure and at a highly compet-
itive level. As a weight- sensitive sport (gravity 

sport), especially adolescents benefit from 
their high relative ‘strength to bodyweight 
ratio’.1–13 Thus, it is a logical consequence that 
adolescent climbers perform well in competi-
tions and can often be found in the finals.14 15 
Even before climbing debuted at the 2021 
Olympic Games in Tokyo, it was already 
presented as a new sport at the 2018 Youth 
Olympic Games in Rio de Janeiro.16 Injury 
analysis of this event showed a low injury inci-
dence in competition climbing, a trend which 
was also later found in the Olympic Games 
in Tokyo.17 So far, many studies on climbing 
injuries in adults have been conducted in 
recent years,3 8 18–33 but less work has specif-
ically looked at adolescent climbers (<18 
years).4 10–14 16 34–50 In adult climbers, most 
frequent acute traumatic injuries are strains 
and sprains from falls onto the ankle, while the 
most frequent sport- specific injuries are onto 
the hand and fingers, involving pulley inju-
ries, tenosynovitis and capsulitis of the small 
finger joints.3 8 18–33 Most studies on youth and 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Chronic overstrain injuries onto the upper extrem-
ity are the most frequent sport- specific injuries in 
climbers. Is this true in adolescent climbers as well?

WHAT THIS STUDY ADDS
 ⇒ Overstrain injuries onto the upper extremity are 
the most frequent injuries in adolescent climbers. 
Climbers who are younger than 16 years mostly 
have primary periphyseal stress injuries of the fin-
gers. Injuries in adolescent climbers differ signifi-
cantly from those of adults.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ As chronic overload is the main cause for injuries in 
young climbers, medical monitoring and recording 
of the overall training load are crucial for injury pro-
phylaxis. Targeted prevention is especially important 
in boys to raise awareness of the injury and to seek 
medical attention.
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adolescent climbers specifically look into periphyseal 
growth plate fractures (primary periphyseal stress inju-
ries (PPSIs)), an almost climbing- specific pathology in 
adolescents.11 13 14 35 39–43 45–47 51–57 Since the first reported 
case in 1997, more than 200 of these fractures have been 
reported in the literature.11 35 39 42 45 52 58 59 Recent reports 
showed an increase in their incidence.35 46 This rise is 
expected to continue with sport climbing’s inclusion 
into the Olympic programme and the ongoing increase 
in training intensity and load.8 45 Other studies on youth 
climbing athletes focused onto a possible early onset of 
osteoarthritis in the fingers,15 60 61 self- reported injury 
patterns in competitive youth climbers10 or the effect 
of early specialisation and past injury.38 Nevertheless, 
all studies looking into the injury distribution of adoles-
cent climbers were cross sectional retrospectively with 
self- analysis of the injury by the study participants only, 
while a prospective evaluation of medically confirmed 
diagnosis is lacking.10 35 37 38 62 Thus, we now aimed to 
prospectively record climbing injuries medically diag-
nosed in outpatient sports medicine clinic with focus 
on climbing medicine and analyse their epidemiology, 
grading and risk factors as well as the anthropometric 
specifics, stages of development and gender differences 
in adolescent climbers. We hypothesised that the injury 
distribution of adolescent climbers would differ from 
that of adult climbers and that PPSI will be very common 
and correlate with training hours and climbing level.

METHODS
We performed a prospective single- centre injury surveil-
lance of all adolescent (<18 years of age) climbers who 
presented between 2017 and 2020. Our outpatient 
sports medicine clinic with a focus on climbing medicine 
serves as a national and international referral centre for 
climbing injuries. Diagnoses were made based on clinical 
investigation and radiological findings by three experi-
enced orthopaedic surgeons with expertise in climbing 
medicine (MS, CL, and VRS) and one radiologist (TB) 
specialised in the field of climbing- related injuries. All 
final diagnoses were reviewed and confirmed by the 
first author (VRS). The study was part of an evaluation 
of all adolescent climbing injuries and their risk factors 
as well as an evaluation of an algorithm for epiphysial 
growth plate fractures40 and was approved by the ethical 
board of the Friedrich- Alexander University Erlangen- 
Nuremberg, FRG (No. 64_17B). All patients and/or their 
legal guardian provided informed consent. Study infor-
mation and informed consent forms were age adapted 
and presented in three various age- related adopted texts, 
which were also approved by the ethical board.

Only adolescents (<18 years) suffering from pain during 
or after climbing were included in the study. Participa-
tion was voluntary. Climbing was defined as all climbing 
subdisciplines: sport climbing, bouldering, outdoor rock 
climbing, trad climbing and alpine climbing. Ice- climbing 
and mountaineering were not included. Injuries caused 
by climbing activities were defined as medical conditions 

forcing the athlete to rest from his sport due to pain or 
dysfunction and the necessity to seek help from a physi-
cian.8

A standard questionnaire, including questions for 
pre- existing medical conditions, medical history, 
demographics, adolescent development stage and an 
examination protocol, was conducted in all patients.8 A 
differentiation was performed regarding onset of injury 
(acute or chronic) and overstrain (yes or no). Acute inju-
ries were defined as injuries with a sudden onset during 
climbing or bouldering without any history of symptoms, 
while overuse injuries were defined as chronic injuries 
without an explicit event or a specific trauma during the 
sport.8 However, while periphyseal growth plate frac-
tures may have an acute onset, they are still considered a 
chronic injury by their pathophysiology.35 39–41 45 51 53 This 
is also seen in the following other climbing- specific finger 
injuries: tenosynovitis, capsulitis and ganglion cysts.35 51

The Union Internationale des Associations d’Alpinisme 
(UIAA) metric scale was used for evaluation of climbing 
levels and the V- scale (Verm scale) was used for evalua-
tion of bouldering levels.8 63 The Orchard Sports Injury 
Classification System 10 (OSICS 10) scale was used to 
categorise the injury distribution.63 64 In the event that 
more than one independent injury has been detected in 
an individual, we analysed the patient individual data at 
the date of injury in accordance to each individual injury.

To compare the injury distribution of adolescents to 
adults without a selection bias, we performed a statistical 
comparison to the studies from the literature8 46 65 in 
which the same selection methods in a population were 
used.

Microsoft Excel (Microsoft) was used for data collec-
tion. Statistical analyses were performed with IBM SPSS 
Statistics V.28 (IBM Corp.) including descriptive statis-
tics for continuous and categorical variables. Categorical 
variables were collated in cross tables to perform either 
Fisher’s exact tests or χ2 tests. For continuous variables, 
normal distribution was analysed with the Shapiro- Wilk 
test. Groups with normally distributed, continuous 
values were compared using unpaired Student’s t test, 
while for non- normally distributed data the comparison 
was performed with the Mann- Whitney U test. P values 
<0.05 were considered as statistically significant. If not 
stated otherwise, all data are presented as mean±SD and 
median (min, max).

RESULTS
95 adolescent climbing patients were identified and 
further investigated. Overall, a total number of 137 
independent climbing injuries was detected. 31 athletes 
presented with several independent climbing injuries 
(up to 4 injuries). The cohort consisted of 38 female (56 
injuries) and 57 male climbers (81 injuries). The mean 
age was 15.1±1.5 years, mean height 171.2±9.2 cm, mean 
body weight 60.3±10.1 kg and mean body mass index 
20.4±2.2 kg/m2 (table 1). Climbing level averaged 9.1, 
ranging from almost beginners with 6 to expert level with 
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Table 1 Patient demographics

All patients Female Male P value

Number of patients 95 38 57

Number of injuries 137 56 81

Age (years) 15.1±1.5 15.1±1.5 15.0±1.5 0.653 (U test)

Range 9–17 11–17 9–17

Age at first recorded injury (years) 15.1±1.5
9–17

14.8±1.5
11–17

15.0±1.6
9–17

0.524 (U test)

Height (cm) 171.2±9.2
130–189

166.0±5.5
154–173

174.9±9.5
130–189

< 0.001 (U test)

Weight (kg) 60.3±10.1
28.0–80.0

55.5±6.2
38.0–63.9

63.7±11.0
28.0–80.0

< 0.001 (U test)

Body mass index (kg/m²) 20.4±2.2
15.2–25.4

20.1±1.8
15.6–23.4

20.7±2.4
15.2–25.4

0.209 (T test)

Climbing level (UIAA scale) 9.1±1.1 9.3±0.6 8.9±1.3 0.414 (U test)

Range 6–11 8–11 6–11

Bouldering level (Vermin scale) 8.3±2.5
1–13

8.2±1.8
5–13

8.4±3.0
1–13

0.536 (U test)

Climbing years 7.7±3.4
0.5–16

8.2±3.7
0.5–16

7.4±3.2
2–16

0.234 (T test)

Bouldering years 7.1±3.3
0.5–16

7.6±3.9
0.5–16

6.8±2.7
2–11

0.427 (U test)

Climbing time spent per discipline:

  Sport climbing 36.9±17.5% 36.0±14.8 37.6±19.3 0.859 (U test)

  Bouldering 47.5±17.7% 47.4±17.7 47.7±17.9 0.572 (U test)

  Other* 19.9±13.0% 17.9±11.2 21.3±14.1 0.211 (U test)

Competition participation 0.091 (χ2)

  Yes 60.6% (83/137) 71.4% (40/56) 53.1% (43/81)

  No 8.8% (12/137) 5.4% (3/56) 11.1% (9/81)

  No answer 30.7% (42/137) 23.2% (13/56) 35.8% (29/81)

Warm up before climbing 0.060 (χ2)

  Yes 62% (85/137) 71.4% (40/56) 55.6% (45/81)

  No 0 0 0

  No answer 38% (52/137) 28.6% (16/56) 44.4% (36/81)

Climbing training hours/week 11.9±4.8 13.3±4.2 10.7±5.0 0.004 (U test)

Range 1.5–25 1.5–25 2–20

Additional strength training 0.138 (χ2 square)

  Yes 59.9% (82/137) 69.6% (39/56) 53.1% (43/81)

  No 3.6% (5/137) 3.6% (2/56) 3.7% (3/81)

  No answer 36.5% (50/137) 26.8% (15/56) 43.2% (35/81)

If, average hours per week 3.2±1.7 3.6±2.0 2.9±1.4 0.375 (U test)

Campus board training 0.004 (χ2)

  Yes 40.9% (56/137) 57.1% (32/56) 29.6% (24/81)

  No 21.2% (29/137) 12.5% (7/56) 27.2% (22/81)

  No answer 38.0% (52/137) 30.4% (17/56) 43.2% (35/81)

If, average hours per week 1.1±0.7 1.0±0.5 1.3±0.8 0.130 (U test)

Training with additional weights 0.123 (χ2)

  Yes 29.2% (40/137) 30.4% (17/56) 53.1% (23/81)

  No 32.8% (45/137) 41.1% (23/56) 28.4% (22/81)

  No answer 38.0% (52/137) 28.6% (16/56) 44.4% (36/81)

Continued
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grade 11. In accordance with the injury grading scale of 
the International Rock Climbing Research Association, a 
UIAA lead climbing level of 9.1 is an elite level for women 
and an advanced level for men.66 Bouldering level aver-
aged Vermin 8.3 and ranged from 1 to 13 (table 1). A 
bouldering level of 8.3 on the Vermin scale reflects an 
elite level in women and an advanced level in men.66 The 
climbing level was higher in females than males, while the 
bouldering level in males was higher (not significant). 
Injured climbers had been in average climbing since 
7.7 and bouldering for 7.1 years. Of those 83 injured 
competing athletes, 45 (54%) did local competitions, 65 
(78.3%) regional, 67 (81.7%) national level, 50 (60.2%) 
international (youth) level competitions and 12 (14.5%) 
regular senior World Cups. Training hours ranged up to 
25 hours per week in females and 20 in males. Most of 
the climbers (62%) warmed up with a regular routine 
using stretching, rope jumping, rubber band or soft 
ball exercises (or similar devices for warming up the 
fingers), running and climbing easy routes. No climber 
reported about no warm- up, but 38% did not answer to 
this question. Additional strength training with either 
free weights or body weight exercises was performed by 
59.9%, with an average of 3.3 hours per week. Female 
athletes (57.1%) trained significantly more frequently 
at the campus board than males (29.6%) (p=0.004) but 
had less overall training hours per week (0.96 vs 1.3) 
(p=0.130). A total of 29.2% of the athletes trained with 
additional weights to increase the load during hanging 
exercises (30.4% women, 53.1% men). Compensatory 
training was reported by 53.3% of the cohort only with an 
average of 1.8 hours per week. 35.8% did not answer to 
this matter. The preferred hand position was a ‘hanging’ 
position in 38%. Typical compensatory training consisted 
of stretching, running, antagonist training, yoga, rubber 
band exercises and cycling. Patient demographic, anthro-
pometric and climbing- specific data are shown in table 1.

Injuries
Overall 137 injuries in 95 climbers were recorded. Injury 
onset was acute in 67 (48.9%) and chronic in 70 (51.8%). 
Females had more acute injuries than males (p<0.001). 
Of the 137 injuries, 41 (29.9%) occurred during boul-
dering, 19 (13.9%) during lead climbing, 2 (1.5%) 
in speed climbing and 1 (0.7%) while training on the 
campus board. In 74 (54%), the climbing activity during 
which the injury occurred was not specified. Pain was 
reported overall since 131.9±193.9 days (females since 
91.5±160 and males since 163.4±219.5 days (p=0.03)). All 
injuries were presented to a physician. The time to see a 
doctor was significantly longer in males than in females 
(p=0.004). Next to the physical examination, the MRI 
was the most frequent diagnostic tool (163.4±219.5), 
followed by X- ray 73 (56.6%) and ultrasound 64 (49.6%). 
Males were significantly more likely to receive a CT scan 
than female climbers (p=0.002). 74% reported about a 
break from climbing with an average of 60.4 days and a 
range of 5–365 days. Climbing break was significantly 
longer in males than females (p=0.01). The average 
UIAA injury score was 1.5±0.5 (range 0–3). 75.2% of the 
injuries were chronic overstrain. In 11 injuries, a surgical 
treatment was necessary, in three of them as inpatients. 
Females were more frequently hospitalised, which almost 
was statistically significant (p=0.066). Injury data are 
presented in table 2.

The injury distribution shows most injuries onto 
the upper extremity (81.8%). According to the OSICS 
classification, we found 84 P (finger), 13 W (wrist), 
nine A (ankle), seven K (knee), six S (shoulder), six E 
(elbow), three F (foot/toe), three D (thoracic spine), 
two B (lumbar spine) injuries, and one H (head) injury 
(table 3).

Finger injuries were significantly more common in 
males than in females (p<0.05), but preferred finger 
grip positions (crimping, hanging, and sloper) did not 

All patients Female Male P value

If, average hours per week 1.1±0.7 1.2±0.4 1.0±0.8 0.312 (U test)

Compensatory training 0.335 (χ2)

  Yes 53.3% (73/137) 60.7% (34/56) 48.1% (39/81)

  No 13.9% (19/137) 10.7% (6/56) 16.0% (13/81)

  No answer 32.8% (45/137) 28.6% (16/56) 35.8% (29/81)

If, average hours per week 1.9±1.1 1.9±0.9 1.9±1.2 0.954 (T test)

Preferred finger grip position: 0.032 (χ2)

  Hanging grip 35.0% (48/137) 39.3% (22/56) 32.1% (26/81)

  Crimping grip 19.7% (27/137) 28.6% (16/56) 13.6% (11/81)

  Sloper 8.8% (12/137) 3.6% (2/56) 12.3% (10/81)

  No answer 36.5% (50/137) 28.6% (16/56) 42.0% (34/81)

Bold typeface indicates significance.
*Other climbing disciplines include speed climbing, trad climbing and alpine climbing.

Table 1 Continued
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significantly affect finger injuries. The most frequent 
injury was a PPSI of the fingers, which accounted to 45.3% 
of all injuries. 15 (24.2%) of the 62 PPSIs were only stress 
reactions with sometimes oedema in the MRI but without 
the detection of a fracture. Other frequent injuries were 
finger joint capsulitis (5.1%), wrist strains and sprains 
(5.1%) and ankle sprains (5.1%). Looking at different 
age groups (up to 15 years or 16 years and older), age did 
not significantly influence the onset of PPSI (fractures 
and overstrain). Gender significantly influenced the 
onset of PPSI overall (p=0.005) and specifically PPSI frac-
tures (p=0.009) with male athletes having significantly 

more of these finger injuries. Gender did not influence 
PPSI overstrain. Preferred grip position did not signifi-
cantly influence PPSI (fractures and strains). Training 
on the campus board, additional strength training and 
training with additional weight did not significantly 
influence the incidence of PPSI. Also, training hours 
per week and climbing years did not significantly influ-
ence the incidence of PPSI. The lead climbing grade 
showed an almost significant adverse influence onto the 
incidence of PPSIs (p=0.06) and reached significance if 
looking at the younger injured climbers with PPSIs (<16 
years). In this group, athletes who climbed in lower UIAA 

Table 2 Injuries

All injuries Female Male

Number of patients 95 38 57

Number of injuries 137 56 81

Injury cause: 0.154 (χ2)

  Bouldering 41 (29.9%) 14 (25%) 27 (33.3%)

  Lead climbing 18 (13.1%) 11 (19.6%) 7 (8.6%)

  Speed 2 (1.5%) – 2 (2.5%)

  Campus board 1 (0.7%) 1 (1.8%) –

  Not specified 75 (54.7%) 30 (53.6%) 45 (55.6%)

Injury onset < 0.001 (Fisher’s exact test)

  Acute 67 (48.9%) 37 (66.1%) 30 (37.0%)

  Chronic 70 (51.1%) 19 (33.9%) 51 (63.0%)

Pain duration (days) 141.9±190.9 104.4±160.8 173.6±209.6 0.032 (U test)

Diagnostics: n=127 n=52 n=75 Fisher’s exact test:

  X- ray 75 (59.1%) 28 (53.8%) 47 (62.7%) 0.362

  Ultrasound 67 (52.8%) 23 (44.2%) 44 (58.7%) 0.148

  MRI 89 (70.1%) 39 (75.0%) 50 (66.7%) 0.333

  CT 16 (12.6%) 1 (1.9%) 15 (20.0%) 0.002

Climbing break n=127 n=54 n=73 1.000 (Fisher’s exact test)
0.010 (U test)  Yes 93 (73.2%) 40 (74.1%) 53 (72.6%)

  No 34 (26.8%) 14 (25.9%) 20 (27.4%)

  Days 61.0±73.1 38.4±29.2 76.8±89.1

  Range (d) 5–365 5–150 7–365

Consultation with physician (%) 100 100 100

Consultation after how many days: 20.0±27.0 11.6±22.8 26.5±28.5 0.004 (U test)

  Range (d) 0–120 0–120 0–120

UIAA injury score 1.5±0.5 1.5±0.5 1.5±0.5 0.811 (U test)

Range 0–3 0–3 0–3

Overstrain: 0.232 (Fisher’s exact test)

  Yes 103 (75.2%) 39 (69.6%) 64 (79%)

  No 34 (24.8%) 17 (30.4%) 17 (21.0%)

Hospitalised 3 (2.2%) 3 (5.4%) 0 0.066 (Fisher’s exact test)

Surgical treatment 11 (8.0%) 4 (7.1%) 7 (8.6%) 1.000 (Fisher’s exact test)

Bold typeface indicates significance.
UIAA, Union Internationale des Associations d’Alpinisme.
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grades (7.9±1.3) had a significantly higher risk for PPSI 
than those climbing in higher grades (9.2±0.9). Type 
of climbing did not significantly influence the onset of 
PPSIs. All medical diagnoses of the various injuries are 
given in box 1.

Comparison to studies with a similar patient selection
To answer the second part of our hypothesis, the results 
of the present study were statistically compared with 
two studies of adults with a similar selection bias. After 
weighting the values, the frequencies were compared 
using the χ2 test. This showed that the distribution of 
injuries was significantly different between children 
and adults (p<0.001). Bonferroni’s post hoc test showed 
significant differences between children and adults for 
finger/hand, shoulder and other (p<0.05). The other 
sites did not differ significantly in frequency (table 4).

DISCUSSION
The main findings of the present study were that the 
injury distribution of adolescent climbers differed signifi-
cantly from that of adults and that PPSI was the most 
common specific injury in young athletes. Therefore, 
these hypotheses were proved to be correct. We further 
hypothesised that PPSI correlates with training hours and 
climbing or bouldering levels. However, this hypothesis 
was only partially proven to be correct since no correla-
tion with training hours or bouldering level was found. 
Lead climbing level (UIAA), however, did influence the 
occurrence of PPSIs significantly in athletes<16 years, 
which is the risk group for this injury.

So far, many studies on climbing injuries in adults have 
been conducted in recent years,3 8 18–33 but less work has 
specifically looked at adolescent climbers.4 10–14 16 34–49 
Cohorts of young climbers were mostly only analysed via 
cross- sectional questionnaires10 12 13 or as part of general 
climbing injuries reporting.8 18 21 25–28 32 35 41 46 67–70 The 
present study is the only one verifying the diagnosis 

through medical examination and not only self- reporting. 
As the prior studies showed that the most common 
climbing injury in adolescents differs from that one in 
adults a specific youth injury analysis is important. Also, 
with the progression of the sport, these youngsters will be 
the Olympic champions in the near future and load moni-
toring and injury prevention are of upmost importance.2 7 
While the mean age of our adolescents was around 15 
years, they were already climbing up to the highest levels 
with UIAA grade 11. Training time ranged up to 25 hours 
per week, being here on almost even levels to top- level 
athletes.8 46 Since these adolescents still need to manage 
time attending school and are not full professionals, this 
is quite a high number. BMI was within a normal range 
and in average around 20. While this is a ‘hot topic’ in 
the climbing community, considering the cases of relative 
energy deficiency syndrome (REDs),5 9 48 71–74 we found 
no case of suspected REDs in our cohort. It is surprising 
that the female climbers of our study trained significantly 
more hours; nevertheless, also their climbing level and 
years were higher (not significant) and this may be just a 
random finding. Overall, the top level in climbing does 
not differ much anymore in between both genders.75

Table 3 Injury distribution in OSICS classification2

All injuries Female Male

  137 56 81

Number of patients 95 38 57

Injury location 0.052 
(χ2)

  Hand/finger/thumb 84 (61.3%) 24 (42.9%) 60 (74.1%)

  Wrist 16 (11.7%) 10 (17.9%) 6 (7.4%)

  Spine 5 (3.6%) 3 (5.4%) 2 (2.5%)

  Knee 8 (5.8%) 5 (8.9%) 3 (3.7%)

  Elbow 6 (4.4%) 3 (5.4%) 3 (3.7%)

  Foot 4 (2.9%) 2 (3.6%) 2 (2.5%)

  Ankle 7 (5.1%) 5 (8.9%) 2 (2.5%)

  Shoulder 6 (4.4%) 3 (5.4%) 3 (3.7%)

  Head 1 (0.7%) 1 (1.8%) 0 (0.0%)

Bold typeface indicates significance.
OSICS, Orchard Sports Injury Classification System.

Box 1 Medical diagnoses (n=137)

Primary periphyseal stress injury of the fingers (PPSI) 62*
Capsulitis finger 7
Wrist strain/sprain 7
Ankle Sprain 7
Back sprain (including overstrain bone marrow oedema) 5
Knee contusion/sprain 4
Epicondylitis/brachialis tendonitis 4
Tenosynovitis finger/hand 4
Lumbrical strain 4
SLAP/Andrews or Bankart lesion 3
Finger joint capsular injury 3
Bone marrow oedema (carpus) 2
Finger flexor tendon strain 2
Ganglion wrist 2
AC joint inflammation 2
Wrist fracture 2
Finger pulley injury 2 (only sprain)
Ankle fracture 2
Plantar fasciitis
Meniscus Injury
Collateral ligament injury elbow joint
Tendonitis knee
Forearm fracture
Finger joint capsule sprain
Osgood Schlatter knee
Morbus Panner elbow
LBS tendonitis
Hallux valgus
Finger fracture
Cerebral concussion
Bone bruise talus
*15 of the 62 PPSI were only stress reaction, but no fracture was detected.
AC, acromiclavicular; LBS, long biceps tendon; SLAP, superior labrum anterior 
to posterior tear.
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Many climbers reported on a warm- up routine, addi-
tional strength training and additional compensatory 
training. Especially for shoulder injuries, compensatory 
training as, for example, the ‘Adjunct Compensatory 
Training for rock climbers’ programme (www.act.clinic) 
has shown its value in treating unspecific shoulder pain.76 
Nevertheless, potential injuries through a failure (tearing 
apart) of older exercise resistance bands (elastic bands) 
and whiplash injuries should be considered.77 It is quite 
surprising that the females reported a much higher pref-
erence of the crimp grip than the male athletes (females 
39.3% and males 13.6%), as well as a significantly higher 
preference of training at the campus board. While it is 
widely accepted that the crimp grip poses a high risk to 
the cartilage and is a risk factor for PPSI39–42 55 78–80 even 
in the present study, we had only 16/62 cases of PPSI in 
girls (25.8%). Also, in these girls with a PPSI, we found 
an almost even distribution of grip preference between 
hanging and crimping. The most frequent diagnostic 
tool was the MRI followed by normal X- ray. This is prob-
ably40 81 attributed to the high proportion of PPSI in the 
injuries and goes along with the latest algorithms on 
diagnostics of PPSI.40 41 An early MRI diagnostic is report-
edly important to detect early- stage PPSI in adolescent 
climbers.37 54 55 62 Males did receive more CT scans than 
females which probably was due to the fact of a higher 
number of long- time PPSI in this group. In long- time 
complaints in a PPSI, CT scans are recommended to 
detect a possible sclerosis of the former fracture zone, 
which would then indicate a surgical procedure, as other-
wise long- time non- union is to be expected.

The injury score overall was for all injuries in between 
UIAA grade 1–3 and thus within the same range as 
described in prior studies and in adults.3 4 8 10–14 16 18–49 67–70 
Also, the number of chronic injuries was high in the 
present study and higher than in adults in a similar 
setup.8 46 The high number of chronic injuries is certainly 
based partially on a selection bias. As our department 
serves as a reference centre for climbing injuries, we see 
many patients for second or third opinions as well as 
patients from various regional, state and national teams. 
Acute injuries are likewise treated closely to the place of 
injury in a local hospital or ER and thus this number is 

underrepresented in our setup. This also explains why, 
for example, Müller et al,26 Buzzacott et al21 or Sabbagh et 
al18 do see mostly lower extremity injuries due to falls and 
thus acute trauma. This was already previously discussed 
but needs to be considered when discussing these 
data.8 35 37 46 62 The same bias applies if one compares our 
findings with those of Pirrucio et al34 who recently used 
the NEISS data to examine the difference in between 
climbing injuries in adults versus adolescents and found 
for adolescents mainly head, neck and upper extremity 
injuries. These NEISS data are emergency room reporting 
in the US and will very likely miss minor finger injuries 
as PPSI.21 67 70 82–84 While injury onset was almost evenly 
distributed between acute and chronic onset, it is inter-
esting that in females injury onset was much more acute 
than chronic. Overall, boys had more overstrain injuries, 
which may go along with the fact that their boulder level 
was higher but in contradiction to the analysis of the 
overall time spent training. This overall time was higher 
in the girls in our study. Woollings et al37 found that of 
self- reported injuries in adolescent climbers, repetitive 
overuse had the highest incidence rate of injury at 1.13 
injuries per 1000 athlete- exposure hours, while falls 
accounted for 0.88 injuries per 1000 hours, and stren-
uous moves caused 0.56 injuries per 1000 hours. Barille 
et al10 performed a retrospective, cross- sectional study 
to estimate the current frequency and impact of inju-
ries sustained by competitive youth climbers. Fifty- two 
respondents aged 7–18 years completed all mandatory 
portions of the survey. 34 climbers reported an injury 
(acute or chronic). Hand/Finger injuries represented 
the most common type of injuries reported (36%). 91% 
of reported acute injuries occurred during bouldering 
which goes along with our findings, as we also had most 
acute injuries in bouldering.

Also, Chen et al38 examined injury distribution in 
a study on early sport- specific specialisation and its 
possible influence on injury patterns. They found 49% 
of the injuries onto the upper extremity. In contra-
diction, Carraro et al report about a high prevalence 
(74.4% of the sample group) of lower back pain in 
young climbers (age 13–19 years).50 This high number 
is not reflected in any of the other studies presented 

Table 4 Injury distribution according to body area as presented previously (data of trunk, spine and pelvis merged)

Body area Present study (n=137) 2017–2018 (n=633) 2009–2012 (n=911) 1998–2001 (n=604)

Finger/hand 100 (73%)† 310 (48.9%) 593 (65.1%) 294 (48.7%)

Shoulder 6 (4.4%) 128 (20.2%) 157 (17.2%) 30 (5%)

Forearm and elbow 6 (4.4%) 49 (7.7%) 83 (9.1%) 81 (13.4%)

Lower leg/foot 12 (8.7) 67 (10.6%) 35 (3.8%) 55 (9.1%)

Knee 7 (5.1%) 45 (7.1%) 19 (2.1%) 22 (3.6%)

Trunk, spine, pelvis 5 (3.6 %) 34 (5.4%) 21 (2.3%) 43 (7.1%)

Other 1 (0.7%) – 3 (0.3%) –

Values are n (%).1 3 4

Bold typeface indicates significance.
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yet.12 35 37 62 Unfortunately, their study is specifically only 
focusing on the incidence of lower back pain in adoles-
cent climbers; no reporting of other injuries is given. 
Table 5 shows the comparison of the injury distribution 
of our current study to those on adolescent climbers 
given in the literature.

Considering the injury distribution, the best way 
to exclude a selection bias in the current paper is to 
compare it with studies8 46 65 who used the same selection 
methods in a population containing adult and junior 
rock climbers (table 5). This comparison is quite inter-
esting. While there is a strong trend in adults to a higher 
portion of shoulder injuries, this is not found in adoles-
cents. Shoulder injuries do apparently only play a minor 
role in adolescents. One cause would be likely the fact 
that a lot of these shoulder injuries in climbers, such as 
for example SLAP and rotator cuff injuries, have a degen-
erative and chronic onset and thus need many years of 
exposure.85–90

Injury types
Almost half the injuries in our study group were PPSI, 
which is, even since we serve as a reference centre for 
climbing- specific injuries a high number. PPSIs typically 
present during periods of accelerated growth velocity, 
around 13–15 years of age, predominantly affecting 
males, and most commonly affecting the middle and ring 
fingers.35 40 45 54 55 Unfortunately, comparison to other 
studies on youth climbers is difficult as, for example, 
Barille et al10 do not give numbers of PPSI at all. They 
report about three cases of fractures but don’t specify 
if these were PPSI or standard fractures from falls or 
contact to the wall. Schöffl et al46 analysed 911 climbing 
injuries, and of these 26 were to adolescents (<18 years). 
50% (13/26) of these were PPSI while the other injuries 
were a wide distribution onto the whole body. Chen et 
al38 performed a survey on adolescent climbers and 
reported that hand and ankle injuries occurred most 
often. Only 12 growth plate injuries were reported, four 

Table 5 Injury location (Orchard Sports Injury Classification System (OSICS)) or body parts

OSICS
Present 
study

Schöffl et 
al46 2015

Schöffl et 
al65 2003

Woollings et 
al 2015 Barille et al10 2022

Chen et 
al38 2022

Nelson et 
al67 2009

n (injuries) 137 26 54 142 56* 67 243

Specific injury location

  Hand/finger/thumb P 84 (61%) 17 (65%) 25 (46%) 30 (21%) 20 (36%) 16 (24%)

  Wrist W 16 (12%) 3 (12%) 1 (2%) 11 (8%) 7 (13%) (including 
forearm)

4 (6%)

  Shoulder S 6 (4%) 2 (8%) 6 (11%) 22 (15%) 3 (5%) 7 (10%)

  Knee K 8 (6%) 1 (4%) 8 (15%) 13 (9%) 1 (2%) 5 (7%)

  Foot/toe F 4 (3%) 1 (4%) – 4 (3%) 2 (4%) 2 (3%)

  Forearm R 1 (4%) 2 (4%) 3 (2%) see wrist 4 (6%)

  Back B/D 5 (4%) – 8 (15%) 14 (10%) 7 (10%)

  Elbow E 6 (4%) 1 (4%) 4 (7%) 9 (6%) 7 (13%) 2 (3%)

  Ankle A 7 (5%) 13 (9%) 3 (5%) including 
lower leg

15 (22%)

  Neck/cervical spine N 5 (4%) 2 (4%) 1 (1%)

  Upper arm U 5 (4%)

  Lower leg/Achilles tendon Q, A 4 (3%)

  Head/face H 1 (1%) 3 (2%) 4 (8%)

  Hip/groin G 3 (2%) 3 (5%) 2 (3%)

  Thigh/upper leg T 3 (2%) 1 (2%)

  Skin 2 (3%)

Body parts

  

  Upper extremity 112 (82%) 24 (92%) 38 (70%) 80 (56%) 37/53* (70%) 33 (49%) 33%

  Lower extremity 19/14%) 2 (8%) 8 (15%) 40 (28%) 10/53* (19%) 24 (36%) 41%

  Head and neck 1 (1%) – – 3 (2%) 6/53* (11%) 1 (1%) 16%

  Trunk 5 (4%) – 8 (15%) 14 (10%) 7 (10%) 9%

  Unspecified 2 (3%)

*Number adds up only to 53 in paper.
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of which involved the fingers.38 This makes the number 
of PPSI in this study of four out of 67 as little as 6% and 
quite different to other studies on adolescent climbers. 
Other growth plate injuries in the Chen et al38 study 
involved the ankle (n=5), wrist (n=2) and knee (n=1), 
but were most likely acute growth plate fractures and 
not chronic overstrain injuries as which the PPSI in the 
fingers are considered.35 39 53 55 Three out of the 4 (75%) 
climbers who reported PPSI in the study of Chen et al38 
also reported a consistent (at least once a week) use 
of campus board training. This risk factor was already 
described by Schöffl et al.15 In our present study also, 
21 of 31 (67.7%) adolescent climbers who answered the 
question on campus board training and having a PPSI 
reported on using the campus board but we did not find 
a significant correlation. It is noteworthy that boys were 
more frequently diagnosed with PPSI, even though girls 
reported more frequent use of the crimp grip and more 
time spent on the campus board. We cannot provide a 
clear explanation for this from our study, but hypothesise 
that boys climb more strength oriented and therefore 
put more stress on their fingers. They may also be more 
likely to ignore pain and injury than girls, which may 
explain why, once they finally admitted to an injury, the 
climbing break was significantly longer and they had a 
longer duration of pain.

CONCLUSION
In our study of injuries in adolescent climbers, we found 
a significantly different distribution of injuries compared 
with adults. PPSIs are the most common injury, with a 
high proportion of these injuries occurring in male 
climbers. Overall, boys have significantly more finger 
injuries, more chronic injuries, longer duration of pain 
and longer time away from climbing than girls. They 
also wait significantly longer to seek medical attention. 
Girls reported more frequent use of the crimp grip and 
a higher preference for campus board training. Specific 
injury prevention measures as well as targeted educa-
tional programmes are needed to prevent injuries among 
adolescent climbers.
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