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Introduction/Background: Surfing, wind surfing and kite surfing enjoy a growing popu-
larity with a large number of athletes worldwide. The aim of this study was to identify and 
compare the injury profiles and compare the injury profiles of these three extreme water 
sports.
Materials and Methods: These data for this retrospective cohort study were collected 
through an online standardised questionnaire during the 2017–18 season. The questionnaire 
included questions about anthropometry, skill level, injury diagnosis, injury mechanism, 
environmental conditions and training regimes.
Results: The 626 athletes included reported 2584 injuries. On average, each athlete sus-
tained 4.12 injuries during the season. The most frequent injury location was in the lower 
extremity, in particular the foot, with 49 (16.4%) injuries in surfing, 344 (18.3%) in wind 
surfing and 79 (19.7%) in kite surfing. Surfing demonstrated a particularly high rate of head 
injuries (n = 37; 12.4%). Other frequent injury types were skin lesions (up to 42.1%) and 
contusions (up to 40.5%). The most common injury across all surfing sports was skin lesions 
of the foot (wind surfing: 11.7%; kite surfing: 13.2%; surfing: 12.7%). In surfing, skin lesions 
of the head were frequently observed (n = 24; 8.0%). In surfing, a ‘too large wave’ (n = 18; 
24.7%) was main cause of the injury, while in wind surfing (n = 189; 34.5%) and kite surfing 
(n = 65; 36.7%) ‘own incompetence’ led to the most injuries.
Conclusion: This unique study compares injury epidemiology and mechanism in the three 
most popular surfing sports: wind surfing, kite surfing and surfing. Overall, injuries were 
sustained mainly in the lower extremity, while surfing also demonstrated a high rate of head 
injuries.
Keywords: water sports, injury, training, ankle, foot, epidemiology

Introduction
Water sports are rapidly growing in popularity worldwide. Surfing sports in parti-
cular, such as wind surfing, kite boarding and surfing, annually gain active athletes. 
An estimate by the International Surfing Association counts more than 23 million 
surfers and around 35 million windsurfers. The population of active athletes in kite 
surfing is estimated to be lower, but also rapidly growing with up to 3.5 million 
athletes. Due to a high number of individual recreational athletes, no detailed data 
about participants is available and estimates are based on sales numbers and travel 
reservations.5 With the growing popularity of these extreme sports comes an ever 
increasing number of injuries.14

Despite growing interest and athlete numbers, epidemiological injury statistics 
in this field are few and far between. Current literature focuses on competitive 
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athletes or sub-group analysis of trauma centre registries 
and lacks detailed information on injury 
circumstances.3,10,11,16–18,23 In surfing, the unique combi-
nation of paddling, wave riding, and waiting exposes the 
body to several different forces. During a fall, for example, 
control of the board and the body is limited.8 Kite surfers 
are exposed to particularly strong winds on open seas, 
where speeds of up to 33 km/h are common.9,10 As well 
as high speeds of up to 65 km/h (35 knots), jumps of 15m 
height and 30m length, and various mid-air manoeuvres 
are responsible for injuries in kite- and wing surfing. 
Additionally, holding the sail in wind surfing requires 
great strength to transfer the energy from the sail to the 
board.1,28

Despite differences in the movement process, the 
sports are similar in terms of target group, place of practice 
and growing worldwide popularity. A comparative study 
of injury epidemiology across these three water sports is 
still lacking. For this reason, this aim of this study was to 
explore and compare the epidemiology of injuries between 
surfing, kite surfing, and windsurfing. An analysis of the 
training habits of all athletes was included in order to draw 
further conclusions about similarities and differences in 
these sports. The aim of this study was to identify differ-
ences in injury mechanism and principal prevention 
aspects between surfing, wind surfing and kite surfing.

Materials and Methods
Study Population
This retrospective cohort study compared data from sur-
fers, windsurfers and kite surfers. Anthropometric data, 
injuries, surfing habits, environmental issues and training 
patterns were recorded retrospectively between July 2017 
to September 2018 using an standardized online question-
naire. For this purpose, information was distributed to surf 
stores and spots worldwide via magazines, websites, flyers 
and notices.

All participants were informed about the aim, content 
and objectives of the study and written consent was 
obtained. Included were all athletes who participated in 
one of the indicated surfing sports and obtained an injury 
in the study period between July 2017 and 
September 2018 and filled out the questionnaire. An injury 
was defined as time-loss injury of at least one training 
session. Missing consent, a missing injury report or age 
under 18 were exclusion criteria. While opening the 
online-questionnaire was recorded, incomplete data 

records were excluded from the study to ensure valid and 
complete data.

The study protocol was approved by the Ethical 
Review Board of the Medical University of Wuerzburg.

Data Collection
Data collection was conducted using a standardized demo-
graphic baseline questionnaire, which included information 
about age, height, weight and experience in the sport. 
Athletes were also asked to rank their skill on a scale 
between 1 and 6, with 6 being the maximum.7 Data about 
environmental conditions while the injury was sustained, 
such as wind force and height of waves, and material used 
(boards, sails/kite) was recorded as well. Athletes were 
asked to fill out information about injury mechanism, diag-
nosis and treatment. The localization, severity and type of 
injury were registered. Injury severity was classified accord-
ing to Krutsch et al into severe (ruptures, fractures, disloca-
tions and concussions) and non-severe (skin lesions, sprains 
strains, contusions and inflammations) injuries.19 The ques-
tionnaire further assessed the annual surfing time, additional 
sporting activities, and a self-assessment of the athlete’s 
physical condition and time to return to sports. The main 
aim of the study was the analysis of injuries in surfing, wind 
surfing and kite surfing with regard to epidemiology, pre-
valence and mechanism of injuries. The athletes were clas-
sified according to the sport in which the injury occurred.

Statistical Analysis
Continuous data is expressed as mean ± standard deviation 
(SD) and categorical data as frequency counts (percen-
tages). Odds ratios and rate ratios accompanied by the 
corresponding 95% confidence interval (CI) are reported 
as effect estimates. The Chi-square test was used to inves-
tigate the dependence on qualitative characteristics, while 
association strength was calculated using the Pearson-Test 
and Fisher-Test. The significance level was set to p < 0.05. 
All analyses were performed with IBM SPSS Statistics, 
version 26.0.

Results
The questionnaire was accessed 1507 times. Complete 
data were collected from 626 participants. Of all athletes, 
881 (58.5%) of the participants were excluded due to 
incomplete data. Overall, most athletes were active wind 
surfers (n=435; 69.5%), followed by kite surfers (n=134; 
21.4%) and surfers (n=57; 9.1%). Wind surfing athletes 
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were more experienced compared to kite surfers (p < 
0.001) (Table 1).

A total of 2584 injuries were sustained - on average 
one athlete indicated 4.12 injuries in one season. The 
highest prevalence was registered in surfing with 5.25 
injuries followed by wind surfing with 4.33 and 3.0 in 
kite surfing. The majority of the injuries (n=1883; 
72.8%) occurred during windsurfing, while 402 (15.6%) 
occurred during kite surfing and 299 (11.6%) during surf-
ing. In all three types of surfing, injuries primarily 
involved the foot (16.4–19.7%). Head (n=37; 12.4%) inju-
ries were sustained most frequently in surfing (Figure 1). 
When considering the type of injury, skin lesions and 
contusions were the most common injuries observed in 
all three sports (Figure 2). Skin lesions of the foot were 
the major injury across all forms of surfing. Skin lesions of 
the head (n=24; 8.0%) were also common in surfing 
(Table 2).

With 292 injuries (53.3%), the majority of lesions in 
wind surfing occurred under wind conditions between 5 
and 9 on the Beaufort scale (Bft). In kite surfing injuries 
appeared especially between 3 and 5 Bft (n=108, 61.0%). 
In surfing with 74.0%, the majority of injuries (n=54) were 
registered in surges between 1 and 3 meters. For the injury 
mechanism, 24.7% of surfers stated a ‘too strong surf’, 
while in wind surfing and kite surfing mainly ‘own incom-
petence’ (34.5% vs 36.7%) and skidding falls (28.8% vs 
25.4%) were registered (Table 3).

In surfing (63.9%) and kite surfing (45.3%), most ath-
letes spent more than 30 days training in their respective 
sport per year, while in windsurfing the training workload 
of most athletes was between 14 and 30 days (n = 192; 
42.6%). In surfing, the athletes mainly indicated strength 
training (n=31; 50.8%), snowboarding (n = 31; 50.8%) and 
skateboarding (n = 26; 42.6%) as compensatory sports. 

Strength training (n=178; 39.5%), skiing (n=159; 35.3%) 
and mountain biking (n=138; 30.6%) were particularly 
popular among wind surfers. A similar picture emerged 
among kite surfers, for whom snowboarding (n=70; 
51.1%) followed by strength training (n=63; 46.0%) and 
mountain biking (n=45; 32.8%) were among the most 
popular sports (Table 4).

Discussion
The main finding of this study was the identification of the 
lower extremity as most frequent injury location in all 
three types of surfing sport. The proportion of injuries 
ranged between 35.5% in surfing and 51.5% in kite surf-
ing. Across all three disciplines, the foot was the most 
common injury location. In particular, skin lesions of the 
foot proved to be the most frequent injury.

A high proportion of surfing injuries were located on 
the head, the most common being skin lesions. This 
extends findings from Sunshine et al who identified head 
and neck injuries in surfing as one of the most common 
locations. Minor superficial traumas treated with sutures 
were primarily reported. The lacerations often occurred as 
a result of a collision with the board or the sea ground, and 
are one reason for the increasing use of head protection in 
surfing.3,16,32

Most of the injuries sustained in surfing are to the 
lower extremities. Turning and aerial manoeuvres per-
formed by more advanced surfers are responsible for 
higher impacts and loads on joints and soft tissue of the 
lower extremity.23,27,32 Previous literature describes a low 
incidence between 6.6 and 13 injuries per 1000 h of 
surfing.14,23,32 Dyson et al studied wind surfing and also 
describe a high frequency of injuries in the lower extre-
mity. However, they also determined a high rate of lower 
back injuries, which we could not verify.7 Other 

Table 1 Anthropometric Data of the Study Population

Surfing (S) Wind Surfing (WS) Kite Surfing (KS)

Participants 57 435 134
Male:Female ratio 1:0.30 1:0.14 1:0.28

Age 28.0 ± 9.8 34.6 ± 12.0 ** 31.2 ± 9.3 *

Weight in kg 73.2 ± 11.3 77.5 ± 12.2 * 75.8 ± 11.2
Height in cm 178 ± 7 181 ± 8 * 179 ± 8

BMI in kg/m2 22.9 ± 2.9 23.7 ± 3.0 23.5 ± 2.6

Experience in years 10.0 ± 8.8 * 13.6 ± 9.8 ** 6.2 ± 6.9
Experience in levels (1–6) 4.2 ± 1.3 4.3 ± 1.2 3.8 ± 1.5

Notes: *p<0.05; **p<0.001.
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publications on wind surfing injuries also identified the 
foot and ankle as main spot for injuries.1,22 High forces 
exerted on joints of the lower extremity during surfing 
sports are the most plausible reason for the injury rates. 
While athletes need a fixation of the foot and ankle on the 
board, this fixation mechanism is a potential risk factor for 
injuries. A self-release mechanism may be a method of 
severe injury reduction in the lower extremity and in 
particular the ankle. Up to 5.2 injuries in 1000 hours of 
wind surfing exposure were registered in previous investi-
gations with mainly muscle strains in the lower body.1,7 In 

current literature, kite- and wind surfing injuries of the 
lower extremity were mainly found to affect the ankle 
and foot.2,6,24 In non-competitive athletes, 5.9 to 7.0 inju-
ries were in 1000 hours of kite surfing documented, most 
of which concerned the musculoskeletal system of the 
lower extremity. In professional kite surfers, the rate of 
injuries is even higher (up to 16.6).1,2,15,24,27

The distribution of injury types across the sports 
painted a fairly homogenous picture. The most common 
injuries were minor, such as skin lesions and contusions. 
The high proportion of skin lesions was already 
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Figure 1 Distribution of injury location among surfing sports.
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described in previous literature for surfing,3,13,17,32 wind 
surfing7,22 and kite surfing.2,24 The main causes of 
injury are recklessness and overpowered material, 
where contact with own material results in skin lesions. 
Parts of the board, such as the sharp fins or the tail, are 
mainly responsible.7,29 Development of new fin and 

board designs may help prevent these injuries. In surf-
ing, a too strong surf and therefore contact with the sea 
ground or collision with the board are also responsible 
for this type of injury.8,18 Falls caused by high waves 
also lead to serious injuries, such as fractures, as 
described in other studies in surfing.25,30 In our previous 
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Figure 2 Distribution of injury type in surfing sports.

Table 2 Most Frequent Injuries in Each Surfing Sport (with Proportion of All Injuries in the Respective Type of Sport)

Surfing Wind Surfing Kite Surfing

Most frequent injury Foot – Skin lesion (n=38; 12.7%) Foot – Skin lesion (n=220; 11.7%) Foot – Skin lesion (n=53; 13.2%)

Second most frequent 

injury

Head – Skin lesion (n=24; 8.0%) Thigh – Contusion (n=142; 7.5%) Thigh – Contusion (n=26; 6.5%)

Third most frequent injury Thigh – Skin lesion (n=22; 7.4%) Trunk – Contusion (n=140; 7.4%) Hand/Wrist – Skin lesion (n=26; 

6.5%)

Forth most frequent injury Head – Contusion (n=19; 6.4%) Thigh – Skin lesion (n=124; 6.6%) Trunk – Contusion (n=25; 6.2%)

Fifth most frequent injury Trunk – Contusion (n=16; 5.4%) Hand/Wrist – Skin lesion (n=112; 

6.0%)

Foot – Skin lesion (n=21; 5.2%)
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research, surfing in a too big surf was associated with 
a 2.4 times greater risk of injury.23 In particular amateur 
and beginners should be wary of surfing in too rough 
conditions to minimize the risk of injury. The risk for 
infection is significantly higher in wounds resulting 
from a contact with rocks or the sea ground and these 
should be carefully monitored.32 McArthur et al also 
described contact with the own surfboard as a major 
mechanism of injury in 38.6% of cases, mainly resulting 
in skin lesions.21 Likewise, in wind surfing the board 
was identified as the main source of injury.22 

Overpowered material, such as a too large sail, and 
own negligence were the most common reasons for 
injury.28 This is in line with our results where injuries 
occurred predominantly at wind conditions of 5 Bft and 
higher, and created a significant problem in combination 
with overpowered material and a too large sail. 
Similarly, contusions occurred in all mentioned disci-
plines of sport with an equal mechanism. Especially in 
kite surfing, a higher proportion of severe injuries 
(20.9%), such as fractures, dislocations, ruptures and 
concussions, was found. Previous studies have already 
shown a high percentage of fractures in kite surfing.15 

Compared with team sports (at least 35.4%), however, 
the rate of severe injuries in kite surfing was still 

lower.19 Tricks and uncontrolled jumps with subsequent 
falls are reported here as mechanisms of injuries.2,26 

These falls are often associated with high-impact colli-
sions with water or land where athletes are not able to 
detach the kite from the harness. With their sail, athletes 
are passively exposed to the wind and can sometimes 
lose control in tough breezes.6,24 However, the majority 
of injuries in kite surfing was registered under wind 
conditions of under 5 Bft. We found only a small num-
ber of injuries caused by collision with other athletes or 
persons on the beach or the sea. Furness et al, on the 
other hand, accounted for half of the injuries direct 
contact as major mechanism.13

As well as injury epidemiology, this study also covers 
statistics on training characteristics of the athletes. Benefits 
of sufficient strength training are well known for general 
population, as well as sportswomen and men. Positive 
effects on muscle mass, mobility, strength, speed and 
endurance as well as impact on metabolism and mental 
health are described.4,20,31 Strength training was the most 
popular supplement to surfing, windsurfing and kitesurfing 
in our study. More sport-specific differences were seen in 
surfing, where skate boarding and snowboarding also 
enjoy high popularity. Due to a similar motion sequence 
and biomechanics, these sports are particularly suitable for 

Table 3 Environmental Conditions and Injury Mechanism During the Injury

Surfing (n=73) Wind Surfing (n=548) Kite Surfing (n=177)

n (%) n (%) n (%)

Wind Conditions (Only for WS and KS)

1–3 Beaufort (Bft) 13 (2.3) 4 (2.3)

3–5 Bft 236 (43.1) 108 (61.0)

5–9 Bft 292 (53.3) 63 (35.6)
> 9 Bft 7 (1.3) 2 (1.1)

Surge and Wave Conditions (Only for S)

Surge and waves of up to 1 m 11 (15.0)

Surge and waves of 1–3 m 54 (74.0)
Surge and waves of more than 3 m 8 (11.0)

Injury Cause and Mechanism

Own incompetence /recklessness 16 (21.9) 189 (34.5) 65 (36.7)

Skidding fall 13 (17.8) 158 (28.8) 45 (25.4)
Overpowered material 5 (6.9) 118 (21.5) 27 (15.3)

Too strong surf 18 (24.7) 28 (5.1) 13 (7.3)
Material failure 2 (2.7) 15 (2.7) 5 (2.8)

Collision 9 (12.3) 10 (1.8) 2 (1.1)

Other external influence 9 (12.3) 28 (5.1) 21 (11.9)
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land training and have also been tried and practiced by 
over 80% of surfers.12

This study showed several limitations due to study 
design. The retrospective design of the study captured 
only interested athletes and did not cover all injuries in 
a specific area or time. The method of data collection may 
also result in the under-reporting of less severe injuries 
because of a focus on more severe injuries by athletes. The 
validity of self-reported injuries in water sports is 
unknown. Another drawback of the study is the incom-
plete coverage of the exact exposure with which 
a calculation of incidences would be possible. Detailed 
collection of exposure is especially in recreational sport 
hard to accomplish. However, aim of the study was to 
provide not information about incidences, but on epide-
miology of injuries in surfing, wind surfing and kite 

surfing. Athletes were not clearly divided into profes-
sionals and amateurs, so further differentiation within 
sports was not possible. The chosen method generated 
the largest possible data set, which benefits from the data 
collection by a retrospective online survey. Thus, the most 
detailed and comprehensive basis possible was created for 
this study.

Conclusion
This unique study compared injury epidemiology and 
mechanism in the three most popular surfing sports, wind 
surfing, kite surfing and surfing. Overall injuries were 
located mainly in the lower extremity. While skin lesions 
of the foot frequently occurred in wind surfing, surfing and 
kite surfing, a high proportion of head injuries was regis-
tered in surfing. Overall the main injury type in this study 

Table 4 Training Pattern of Surfing, Wind Surfing and Kite Surfing Athletes (Multiple Answers Were Possible for the Additional Types 
of Training)

Surfing (n=61) Wind Surfing (n=451) Kite Surfing (n=137)

n (%) n (%) n (%)

Training Days Per Year in Particular Surfing Sport

1–7 days 2 (3.3) 28 (6.2) 12 (8.8)

7–14 days 5 (8.2) 99 (21.9) 18 (13.1)
14–30 days 15 (24.6) 192 (42.6) 45 (32.8)

> 30 days 39 (63.9) 132 (29.3) 62 (45.3)

Training Hours Per Workout

< 1 hour 1 (1.6) 0 (0) 1 (0.7)
1–2 hours 20 (32.9) 57 (12.6) 26 (19.0)

2–4 hours 29 (47.5) 279 (61.9) 88 (64.2)

> 4 hours 11 (18.0) 115 (25.5) 22 (16.1)

Additional Types of Training

Surfing – 71 (15.7) 25 (18.2)

Wind Surfing 5 (8.2) – 23 (16.8)

Kite Surfing 3 (4.9) 31 (6.9) –
Mountain biking 14 (23.0) 138 (30.6) 45 (32.8)

Skateboarding 26 (42.6) 32 (7.1) 19 (13.9)
Inline skating 3 (4.9) 69 (15.3) 30 (21.9)

Climbing 10 (16.4) 41 (9.1) 18 (13.1)

Snowboarding 31 (50.8) 146 (32.4) 70 (51.1)
Skiing 12 (19.7) 159 (35.3) 43 (31.4)

Other fun sports 9 (14.8) 57 (12.6) 25 (18.2)

Ball or setback games 17 (27.9) 106 (23.5) 32 (23.4)
Team sports 20 (32.9) 76 (16.9) 27 (19.7)

Fighting sports 5 (8.2) 24 (5.3) 10 (7.3)

Strength training /Gym 31 (50.8) 178 (39.5) 63 (46.0)
Other 15 (24.6) 94 (20.8) 28 (20.4)
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were non-severe injuries such as contusions and skin 
lesions. This study provides an overview of the epidemiol-
ogy of injuries in various water sports.
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