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Abstract
Background Wheelchair basketball is an adaptation of pedestrian basketball and one of the most popular 
Paralympic sports worldwide. The epidemiology of health problems in wheelchair basketball has been prospectively 
studied only during the Paralympic Games, the 2018 World Championships, the 2021 South America Wheelchair 
Basketball Championship, and one season of two American intercollegiate wheelchair basketball teams. The objective 
of the study was to prospectively monitor and analyze the prevalence, incidence, burden, and characteristics of 
injuries and illnesses in a wheelchair basketball league during an entire season for the first time.

Methods All players of the highest German wheelchair basketball league (Bundesliga) were invited to participate in 
the study. Included players completed the Oslo Sports Trauma Research Center Questionnaire once a week during the 
entire season 2020/21 to report health problems. Exposure was captured by self-reported training time and officially-
recorded competition time.

Results Sixty of 117 players (51%, 47 male, 13 female) of the national league participated with an average response 
of 93%. Seventy health problems (5.5/1000 exposure hours [95% CI: 4.9–6.1]) were reported, including 54 injuries and 
16 illnesses. Prevalence of health problems was 60% (95% CI: 48–72). Most injuries affected the shoulder (32% of all 
injuries), cervical spine/neck (17%), and hand (13%). More overuse injuries (2.9/1000 exposure hours [95% CI: 2.5–3.3]) 
than acute injuries (1.3/1000 exposure hours [95% CI: 1.0-1.6]) occurred. Of all health problems, 53% were associated 
with time-loss. The incidences of all health problems, illnesses, injuries, and overuse injuries were higher in women 
than in men.

Conclusions Characteristics and frequency of injuries and illnesses during wheelchair basketball season differed 
from those during major wheelchair basketball tournaments. The high proportion of overuse injuries and the higher 
injury rates in women should be regarded in the development of individualized prevention measures. Since results 
from previous studies during major tournaments are only partially comparable to wheelchair basketball league play, 
further studies should follow.
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Background
Wheelchair basketball (WB) is an adaption of able-
bodied basketball and one of the most popular adaptive 
sports worldwide. It was first played by World War II vet-
erans in the United States of America in 1945 and spread 
constantly in the years after. Since 1960 it is part of the 
Paralympic Games [1] and since the early 1970’s there are 
officially organized WB competitions in Germany. Nowa-
days, there is a multi-level league system with a national 
league (Bundesliga) at its top.

While injuries and illnesses have been intensively 
researched in Olympic sports, [2–5] there is a lack of 
knowledge in Paralympic sports. The first published 
study about health problems in Paralympic sports 
showed that WB players were the second most injured 
athletes compared to other wheelchair sports [6]. Dur-
ing the 2012 and 2016 Summer Paralympics, injuries 
were systematically recorded [7, 8]. Incidence rates of 12 
(95% confidence interval [95% CI]: 8.3–16.8) [7] and 12.8 
injuries per 1000 athlete-days (95% CI: 9.5–17.4) [8] were 
reported in WB. In 2018, Hollander et al. [9] monitored 
sports injuries during the World Championships for the 
first time. The injury rate was 68.9 injuries per 1000 ath-
lete-days (95% CI: 55.4–82.4), with injuries of the neck/
cervical spine, the thoracic spine/upper back, and the 
shoulder being the most common [9].

The recording of health problems in the context of 
major international tournaments represents only a small 
part of an athlete’s life. In a retrospective survey, Kluge 
et al. [10] found that 46% of the participants in the 2018 
World Championships had at least sometimes health 
problems in the year before the tournament, however, 
no further details about these health problems were 
recorded. Kasitinon et al. [11] monitored health prob-
lems of intercollegiate WB players during one com-
petitive season. They concluded that the injury risk was 
significantly higher for WB players than for non-disabled 
intercollege basketball players in the National Collegiate 
Athletic Association (NCAA). This study was the first to 
include WB players who were not part of a national team, 
but only players from two teams from a single site were 
considered [11].

In non-disabled sports, such as basketball, prospective 
recording of health problems in national leagues is well 
established [12–14] and a prerequisite to better under-
standing health problems and their characteristics.

The aim of the present study was to prospectively mon-
itor and analyze the prevalence, incidence, burden, and 
characteristics of health problems (injuries and illnesses) 
in the WB Bundesliga throughout an entire season. A 
secondary aim of the study was to compare the results of 
male and female players.

Methods
Study design, population, and setting
This prospective cohort study recorded health problems 
in the highest German WB league (Bundesliga) weekly 
during the season 2020/21 using an established online 
reporting tool (AthleteMonitoring, FitStats Technolo-
gies, Moncton, Canada). The season started on the 31st 
of October 2020 and finished on the 15th of May 2021. 
Regularly, ten teams compete against each other over 
a period of 29 weeks, and all teams play a home round 
and an away round. The teams are mixed, meaning that 
women and men play in the same team. The four best 
teams qualify for the playoffs. Depending on their qual-
ification for the semifinal or the final of the playoffs, 
they play two to six games in the playoffs. Players from 
three teams additionally participated in international 
competitions. The exposure and health problems that 
occurred during international competitions were treated 
the same as the data collected during the league. Due to 
the COVID-19 pandemic, only seven teams started par-
ticipating in the league on the 31st of October 2020 and 
played the full season matches, while three teams did not 
participate in the league until January 2021 and played 
only the games of the return round.

The study was introduced to the teams for the first 
time at the league conference in June 2020. At this con-
ference one representative of each team was present. 
Between September 2020 and the start of the season, a 
member of the research team presented the study to each 
team that was willing to participate in detail face-to-face 
or a video conference. All players who competed in the 
national league were invited to participate in the study, 
irrespective of sex and age. Thus, also minor-aged play-
ers were included in the study. Informed written consent 
has been obtained from all participants or legal guard-
ians of minor-aged participants. All participants received 
detailed information on the study including how to use 
the online reporting tool, fill in the questionnaire, and 
contact data of the research group.

Data collection
During the complete season injuries and illnesses were 
tracked weekly using the Oslo Sports Trauma Research 
Center Questionnaire on Health Problems (OSTRC-H2) 
in its updated and validated English [15] and German 
version [16]. The questionnaire was sent to the partici-
pants by using the online reporting tool AthleteMoni-
toring (FitStats Technologies, Moncton, Canada). The 
OSTRC-H2 consists of four questions on whether and to 
what extent participation in training/competition, train-
ing volume and performance was limited, and whether 
and to what extent symptoms occurred in the past seven 
days due to a health problem. Furthermore, the partici-
pants were asked to report the type of health problem 
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(acute injury, overuse injury, illness) and the body region 
of injuries. Moreover, they could record multiple health 
problems and provide additional free-text comments.

Through personal contact, the research group tried to 
motivate weekly compliance with questionnaire submis-
sion and was available in case of questions or technical 
issues. The period of data collection covered a total of 
29 weeks. Those athletes who started their season later 
(due to the COVID-19 pandemic) or finished it earlier 
(because they did not qualify for the playoffs, were elimi-
nated from the playoffs, or ended their participation in 
the study earlier) were only included in the study as long 
as they were competing in the league/were willing to par-
ticipate in the study. As recommended by Clarsen et al. 
[17], responses to the first OSTRC-H2 questionnaire sent 
out the week before the season started were excluded 
from the final data set. To track training exposure, the 
participants were asked every week how long they had 
practiced in the last seven days. Game exposure was col-
lected from International Basketball Federation (FIBA) 
LiveStats [18].

In addition, a one-time survey before the start of the 
season was used to record the sex, age, and disability 
classification of the participants. The disability classifica-
tion is based on a point system ranging from 1.0 to 4.5 
points according to the player’s disability. A low score is 
associated with higher limitations in terms of body stabil-
ity and balance [19].

Definition of injury and illness
The OSTRC-H2 defines a health problem as follows: “A 
health problem is any condition that you consider to be 
a reduction in your normal state of full health, irrespec-
tive of its consequences on your sports participation 
or performance, or whether you have sought medical 
attention. This may include, but is not limited to, injury, 
illness, pain or mental health conditions.” [15] Health 
problems is the generic term for all kind of injuries and 
illnesses. Acute injuries were defined as injuries resulting 
from a single, identifiable event. Injuries with gradual-
onset were defined as overuse injuries [20]. Substantial 
health problems are defined as those leading to moder-
ate or severe reductions in training volume, or moderate 
or severe reductions in sports performance, or complete 
inability to participate in sport (problems where athletes 
selected option 3, 4, or 5 in either questions 2 or 3) [21].

Data analysis
The rate of health problems during the season was calcu-
lated as incidence rate, season prevalence, weekly preva-
lence, and average weekly prevalence. Total exposure 
was the sum of training time and game time in hours. As 
training time and game time were tracked individually 
the exact exposure time was calculated. The incidence 

rate of health problems and of injuries was calculated 
using the formula: (number of health problems / expo-
sure time) * 1000 and was expressed as the number of 
health problems per 1000  hours of exposure. The inci-
dence rate of illnesses was calculated per athlete-days. 
Incidence rates were calculated based on all health prob-
lems that newly occurred during the season [22]. To cal-
culate 95% CIs the following formula was used: incidence 
rate ± 1.96 x √(incidence rate x (1 – incidence rate) / 
exposure time). Prevalence was calculated using the for-
mula: (number of affected athletes during a time period 
/ number of exposed athletes) x 100 and was expressed 
as percentage of affected athletes. It was calculated based 
on all injured or ill players during a specified period of 
time (season or week), including health problems that 
were incurred before the beginning of the season [22]. To 
calculate 95% CIs the following formula was used: preva-
lence ± 1.96 x √(prevalence x (1 – prevalence) / number 
of exposed athletes).

The answers to each of the four questions of the 
OSTRC-H2 questionnaire were assigned values between 
0 and 25, with 0 representing no problems and 25 the 
maximum level. The sum of these values results in an 
ordinally scaled severity score between 0 and 100 [17]. 
The cumulative severity score was defined as the sum of 
the weekly severity scores reported on the same health 
problem [22]. The burden as a measure of the impact of 
health problems was defined as the sum of the cumula-
tive severity scores of all health problems in a subgroup 
(for example, all overuse injuries) [22, 23]. The relative 
burden as a proportion of the total burden was calculated 
as the sum of the cumulative severity scores for all health 
problem types divided by the cumulative severity score 
for all health problems [23].

Differences between male and female players were 
analyzed. Potential group differences were tested using 
Pearson chi-square tests. For the data analysis, Micro-
soft Excel version 16.49 and IBM SPSS Statistics version 
28.0.1.0 were used. All information was treated strictly 
confidential, and all data were stored on laptops that 
were secured by passwords. Ethical approval was granted 
by the Ethics Committee of the University of Hamburg 
(protocol number AZ 2020_291). The study is reported 
according to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) [24] guide-
lines for cohort studies.

Results
Participants and exposure data
Ten teams with a total of 117 players (94 male, 80%) com-
peted in the German national league’s season 2020/21. 
More than half of the players (n = 60, 51%) from eight dif-
ferent teams participated in the study. The participants 
were mainly male (n = 47; 78%) and had a mean age of 
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27.7 (SD ± 6.3) years. One participant terminated his par-
ticipation in the study earlier but allowed us to use the 
data collected to that point.

All disability classifications were represented. The 
study population was similar to the entire league regard-
ing sex and disability classification (Table 1). Data on age 
were not available for players who did not participate in 
the study.

The average response rate to the weekly questionnaire 
was 93% (range: 86-98%). A total of 254 match-hours and 
12,432 practice-hours were reported throughout the sea-
son. The average total exposure per player was 211.4  h, 
with an average weekly exposure of 11.6 h per player. The 
average weekly exposure of female participants (12.3  h 
(95% CI: 11.3–13.4)) was slightly higher than that of 
males (11.4 h (95% CI: 11.0-11.8)).

Number, prevalence, and incidence of health problems
Over the season, 70 health problems were reported by 
26 men and 10 women. Twenty-four participants (40% 
[95% CI: 28–52]) reported no health problem during the 
season, 14 (23% [95% CI: 13–34]) one health problem, 
22 (37% [95% CI: 25–49]) two or more health problems, 
and 7 (12% [95% CI: 4–20]) three or more. On average, 
women reported 2.5 health problems (95% CI: 0.9–4.2), 
men 1.0 health problem (95% CI: 0.7–1.3).

Most health problems (77%) were injuries (32 in men, 
22 in women) and 16 illnesses (men 9, women 7). About 
two thirds of injuries were classified as overuse (men 19, 
women 18), and 17 (32% of all injuries) as acute (men 13, 
women 4).

All prevalence and incidence rates are presented 
in Table  2. The season prevalence of health problems 
was 60% (95% CI: 48–72). For injuries it was 47% (95% 
CI: 34–59) and for illnesses 22% (95% CI: 11–32). The 

average weekly prevalence of health problems was 11% 
(95% CI: 1–21) and of substantial health problems 5% 
(95% CI: 0–13). Figure  1 shows the development of the 
weekly prevalence over the course of the season. The 
prevalence of illnesses was significantly higher in women 
than in men (Chi-square 10.1, p = 0.001). No sex-spe-
cific differences were observed for the average weekly 
prevalence, the prevalence of all health problems, and of 
injuries.

The overall incidence of health problems was 5.5 per 
1000 exposure-hours (95% CI: 4.9–6.1) (Table  2). The 
incidence of injuries was 4.3 per 1000 exposure-hours 
(95% CI: 3.7–4.8). The incidence of overuse injuries (2.9 
per 1000 exposure-hours [95% CI: 2.5–3.3]) was about 
twice as high as that of acute injuries (1.3 per 1000 expo-
sure-hours [95% CI: 1.0-1.6]). The incidence of illnesses 
was 2.1 per 1000 athlete-days (95% CI: 1.7–2.4). As 
shown in Table 2, the incidences of all health problems, 
illnesses, all injuries, and overuse injuries were signifi-
cantly higher in women than in men. There was no sex-
specific difference in the incidence of acute injuries.

Location of injury
The injured body parts for all, acute and overuse injuries, 
time-loss and non-time-loss injuries, and injuries in male 
and female players are presented in Table  3. The shoul-
der (32%), the cervical spine/neck (17%), and the hand 
(13%) were the most common injury locations. Acute 
injuries occurred most frequently at the shoulder, hand, 
and pelvis (18% each) and chest/ribs/upper back (12%). 
Two-thirds of all injuries, 78% of overuse, and 40% of 
acute injuries at the upper extremity affected the players’ 
dominant side.

Severity
More than half (53%) of all reported health problems 
resulted in time-loss (88% of all illnesses, 43% of all inju-
ries). The average time-loss of all time-loss health prob-
lems was 4.7 days, ranging between 1  day and 28 days. 
Acute injuries caused 38% of all time-loss days, illnesses 
36%, and overuse injuries 26%.

All details of average weekly severity scores are shown 
in Table 4. The largest sex difference was found for over-
use injuries (men 47.5, women 29.9), and the smallest for 
acute injuries (men 64.7, women 64.5).

Burden of health problems
Considering the cumulative severity scores as the mea-
sure of the burden of health problems, overuse injuries 
caused 44% of the total burden, acute injuries 31%, and 
illnesses 25%. Similar patterns emerged in health prob-
lems of men (overuse injuries 43%, acute injuries 33%, ill-
nesses 24%) and women (overuse injuries 45%, illnesses 
29%, acute injuries 26%). The relative burden of time-loss 

Table 1 Characteristics of all athletes in the league and all study 
participants
Number of Complete league

n (%)
Study population
n (%)

Teams 10 8

Athletes
Total 117 60

Men 94 (80) 47 (78)

Women 23 (20) 13 (22)

Disability 
classification
1.0 21 (18) 14 (23)

1.5 6 (5) 2 (3)

2.0 14 (12) 5 (8)

2.5 4 (3) 2 (3)

3.0 19 (16) 13 (22)

3.5 9 (8) 1 (2)

4.0 9 (8) 4 (7)

4.5 35 (30) 19 (32)
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Fig. 1 Weekly prevalence of all health problems/substantial health problems (a) and in men/women (b)
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health problems was 77% of the total burden of all health 
problems.

Figure  2 shows the relationship between severity and 
incidence for the body regions that were mostly affected 
by acute and overuse injuries. In acute injuries, the shoul-
der and hand represented the most burdensome loca-
tions, while for overuse injuries it was the shoulder and 
cervical spine/neck.

Discussion
This study is the first to prospectively monitor health 
problems in WB players from multiple teams of a 
national league throughout one complete season. The 
season prevalence of health problems was 60%. The inci-
dences of all health problems, illnesses, injuries, and 
overuse injuries were higher in female than in male play-
ers. Overall, overuse injuries were more common than 
acute injuries. Almost two thirds of all injuries occurred 
to the shoulder, cervical spine/neck, and hand. More than 
half of all health problems were associated with time-loss.

Prevalence of health problems
On average 11% of all participants reported a health 
problem in each week, which is lower than in the German 
[25] (28%) and Norwegian Paralympic team [26] (37%). 
In the study on the Norwegian Paralympic team, numer-
ous athletes from sports that are known to be injury-
intensive participated (especially ice sledge hockey) [27]. 

In the investigation of the German Paralympic team, 
apart from WB players, mainly athletes from sports with 
low injury rates [8] participated. Therefore, the difference 
between the three methodologically similar studies can-
not be clearly explained at present and further long-term 
investigations in Paralympic sports are needed.

60% of the participants reported at least one health 
problem during the season. During a retrospective sur-
vey of WB players participating in a World Champion-
ship, 46% reported having at least sometimes physical 
complaints in the past 12 months [10]. The retrospective, 
rather than prospective, survey, may be a reason for the 
divergence. But both studies show that health problems 
are part of the athlete’s life for a relevant proportion of 
WB players.

Almost half of the participants (47%) reported an injury 
during the season. From pedestrian basketball, a higher 
injury prevalence of 68% was reported [13]. In contrast to 
American intercollegiate WB, [11] based on our results, 
WB appears to be less injurious than pedestrian basket-
ball [13]. The reason for the difference could be that only 
national league WB players participated in our study, 
while also players from lower leagues participated in the 
study in pedestrian basketball. These had a higher risk 
of injury than national league players. An injury inci-
dence for national league players only was not reported. 
Future studies and studies in lower WB leagues should 

Table 2 Incidence, prevalence and average weekly prevalence of health problems in male, female and all players
Incidence Total 95% CI Men 95% CI Women 95% CI
All health problems
per 1000 exposure-hours 5.5 4.9–6.1 4 3.4–4.6 12.1 10.2–13.9

Illnesses
per 1000 athlete-days 2.1 1.7–2.4 1.4 1.1–1.8 5.1 3.9–6.4

Injuries
per 1000 exposure-hours 4.3 3.7–4.8 3.1 2.6–3.6 9.2 7.5–10.8

Overuse injuries
per 1000 exposure-hours 2.9 2.5–3.3 1.8 1.5–2.2 7.5 6.0–9.0

Acute injuries
per 1000 exposure-hours 1.3 1.0-1.6 1.3 0.9–1.6 1.7 1.0-2.4

Prevalence Total (%) 95% CI Men (%) 95% CI Women (%) 95% CI
All health problems 60 48–72 55 41–70 77 54–100

Illnesses 22 11–32 13 3–22 54 27–81

Injuries 47 34–59 45 31–59 54 27–81

Overuse injuries 37 25–49 36 22–50 39 12–65

Acute injuries 18 9–28 17 6–28 23 0–46

Multiple health problems (more than 1 health problem reported) 37 25–49 32 19–45 54 27–81

Average weekly prevalence Total (%) CI 95% Men (%) CI 95% Women (%) CI 95%
All health problems 11 1–21 9 0–18 24 0–56

Illnesses 2 0–6 1 0–5 5 0–21

Injuries 9 0–18 7 0–16 19 0–49

Overuse injuries 6 0–14 5 0–13 10 0–33

Acute injuries 3 0–8 2 0–7 9 0–30

Substantial health problems 5 0–13 5 0–12 11 0–35



Page 7 of 12Weith et al. BMC Sports Science, Medicine and Rehabilitation           (2023) 15:84 

Ta
bl

e 
3 

Lo
ca

tio
n 

of
 in

ju
rie

s
A

ll 
in

ju
ri

es
 

O
ve

ru
se

 in
ju

ri
es

 
A

cu
te

 in
ju

ri
es

 
In

ju
ri

es
 in

 m
en

 
In

ju
ri

es
 in

 w
om

en
 

Ti
m

e-
lo

ss
 in

ju
ri

es
 

N
on

 ti
m

e-
lo

ss
 

in
ju

ri
es

n
%

n
%

n
%

n
%

n
%

n
%

n
%

H
ea

d
1

2
0

0
1

6
0

0
1

5
1

4
0

0

Ce
rv

ic
al

 s
pi

ne
/n

ec
k

9
17

8
22

1
6

5
16

4
18

5
22

4
13

Ch
es

t/
ri

bs
/u

pp
er

 b
ac

k
4

7
2

5
2

12
2

6
2

9
1

4
3

10

Lo
w

er
 b

ac
k

1
2

1
3

0
0

1
3

0
0

1
4

0
0

A
bd

om
en

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Sh
ou

ld
er

17
32

14
38

3
18

10
31

7
32

6
26

11
36

U
pp

er
 a

rm
1

2
0

0
1

6
1

3
0

0
1

4
0

0

El
bo

w
1

2
0

0
1

6
0

0
1

5
1

4
0

0

Fo
re

ar
m

4
7

3
8

1
6

2
6

2
9

1
4

3
10

W
ri

st
3

6
2

5
1

6
2

6
1

5
1

4
2

7

H
an

d
7

13
4

11
3

18
4

13
3

14
3

13
4

13

Pe
lv

is
4

7
1

3
3

18
3

9
1

5
1

4
3

10

H
ip

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Th
ig

h
1

2
1

3
0

0
1

3
0

0
0

0
1

3

Kn
ee

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Lo
w

er
 le

g
0

0
0

0
0

0
0

0
0

0
0

0
0

0

A
nk

le
0

0
0

0
0

0
0

0
0

0
0

0
0

0

Fo
ot

1
2

1
3

0
0

1
3

0
0

1
4

0
0



Page 8 of 12Weith et al. BMC Sports Science, Medicine and Rehabilitation           (2023) 15:84 

be awaited to allow a proper comparison with pedestrian 
basketball.

Comparison of male and female athletes
In our cohort, the incidences of all health problems, ill-
nesses, injuries, and overuse injuries were higher in 
women than in men except for the incidences of acute 
injuries. In contrast, Zech et al. [28] showed that in 
other team sports, men reported more overall injuries 
than women. Previous studies on WB players have so 
far not shown a clear sex difference. For example, in the 
2018 World Championships, although women reported 
more overall health problems, there was no difference 
in overuse injuries [9]. There was also no sex-related dif-
ference in American intercollegiate WB players regard-
ing the overall incidence of health problems, but women 
reported more gradual-onset injuries, and men reported 
more sudden-onset injuries [11]. However, in both stud-
ies, men and women practiced separately. In the Ger-
man national league, men and women practice and 
compete together in one team, possibly making it less 
likely to accommodate the different physical conditions 
of both sexes and resulting in more health problems in 
women. Furthermore, the Relative Energy Deficiency in 
Sport may also influence the incidence of injuries [29]. 
The term Relative Energy Deficiency in Sport is used for 
physiological and performance consequences such as low 
bone mineral density and hormonal imbalances [30]. It 
is related to a higher incidence of injuries [31]. However, 
there have been few studies on the topic in Paralympic 
sports and it seems possible that athletes are affected 

by Relative Energy Deficiency in Sport regardless of sex 
[30–32].

Characteristics of injuries
In accordance with Kasitinon et al., [11] we found that a 
higher number of injuries than illnesses were reported. 
Of all injuries in our study, 69% were overuse injuries. 
Among American intercollegiate WB players, [11] 31% 
were sudden-onset with trauma, 29% sudden-onset with-
out trauma, and 40% gradual-onset injuries. The sum of 
sudden-onset without trauma and gradual-onset injuries 
was 69%, similar to the proportion of overuse injuries in 
our study. In contrast, 52% overuse injuries were reported 
in the 2018 World Championships, [9] and 53.8% in the 
2021 South America Wheelchair Basketball Champion-
ships [33]. The proportion of overuse injuries appears 
to be greater in WB league play than in major tourna-
ments. Possibly, more acute injuries occur in major tour-
naments due to greater intensity of play and density of 
games. Nevertheless, we still assume that both, acute and 
overuse injuries play a relevant role in WB league play. 
Especially because overuse injuries had the largest bur-
den with 44% of the total cumulative severity score, rais-
ing awareness of coaches and implementing methods to 
control training load might be useful to prevent injuries 
[17, 34].

Most injuries occurred at the shoulder, cervical spine/
neck, and hand, which is consistent with the results of 
previous studies of wheelchair athletes [9, 11, 29, 33, 
35]. Overuse injuries were most common in the shoul-
der. Shoulder pain is common in wheelchair users, due 

Table 4 Duration, average weekly severity score, cumulative severity score, and average time-loss of health problems
All players Interquartile Range Men Interquartile Range Women Interquartile Range

All health problems
Duration (weeks) 1.5 1.0–2.0 1.7 1.0–2.0 1.3 1.0–1.0

Average weekly severity score 51.4 24.0–68.0 57.1 33.0–77.0 41.0 24.0–67.0

Cumulative severity score 77.1 33.0-100.0 94.7 41.0-115.0 52.3 24.0–68.0

Average time-loss (days) 4.7 1.0–5.0 5.2 1.0–5.0 3.7 2.0-4.3

Illnesses
Duration (weeks) 1.3 1.0-1.3 1.4 1.0–2.0 1.1 1.0–1.0

Average weekly severity score 65.0 41.0–92.0 71.1 41.0-100.0 55.3 41.0-69.3

Cumulative severity score 85.4 41.0-106.8 102.7 41.0-127.0 63.1 41.0-75.5

Average time-loss (days) 4.4 1.3-4.0 5.9 1.0-8.8 2.5 2.0-3.5

Overuse injuries
Duration (weeks) 1.6 1.0–2.0 1.8 1.0–3.0 1.3 1.0–1.0

Average weekly severity score 40.5 24.0–57.0 47.5 32.0-67.5 29.9 20.0-32.5

Cumulative severity score 63.5 24.0–68.0 87.5 40.5–128.0 38.2 24.0-32.8

Average time-loss (days) 3.5 1.0–5.0 3.2 1.0–5.0 5.5 5.3–5.8

Acute injuries
Duration (weeks) 1.5 1.0–2.0 1.5 1.0–2.0 1.5 1.0–2.0

Average weekly severity score 64.7 50.0–96.0 64.7 45.8–100.0 64.5 61.3–68.0

Cumulative severity score 98.9 58.0-100.0 99.5 51.0-100.0 96.8 68.0-108.8

Average time-loss (days) 6.6 2.3-8.0 8.0 2.0-8.8 4.5 3.0-4.5
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to the daily need for wheelchair propulsion, even with-
out participating in sports [36]. It can be therefore 
speculated that the reported shoulder overuse inju-
ries were not only caused by the sport per se. García 

Gómez et al. [37] demonstrated that shoulder pain neg-
atively affects throwing, especially in female WB play-
ers. Thus, the prevention of shoulder injuries not only 
serves to prevent injury but also to safeguard or even 

Fig. 2 Relationship between severity and incidence for overuse (a) and acute injuries (b). The darker the color the greater the burden. The curved grey 
isobars represent points with equal burden. Vertical and hori-zontal error bars represent 95% confidence intervals. Regions with no injuries reported are 
not included in the figure
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enhance performance. However, little is known about 
effective prevention measures to date [35]. Yuine et al. 
[38] showed in a first study that instability of the distal 
radioulnar joint leads to decreased hand function, such 
as upper arm/forearm strength. Therefore, future preven-
tion measure development should not only focus on the 
shoulder but also other upper extremity joints.

Time-loss rate
More than half of all health problems (53%) were asso-
ciated with time-loss (88% of all illnesses, 43% of all 
injuries). In the context of major international tourna-
ments, significantly fewer injuries were associated with 
time-loss, 8% during the 2018 World Championships 
[9] and 21.5% during the 2021 South America Wheel-
chair Basketball Championships,[33] respectively. Pos-
sibly, the reporting of many small, non-time-loss injuries 
such as muscle spasms and skin lacerations, especially 
in the 2018 World Championships [9] could explain the 
differences. Furthermore, an injury of the same sever-
ity in league play is presumably more likely to result in a 
time-loss due to the lower pressure to perform compared 
to major international tournaments. In American inter-
collegiate WB, 33% of all injuries, but only 57% of all ill-
nesses, were associated with a time-loss [11]. Especially 
the difference in the time-loss rate of illnesses is striking 
here. The survey in American intercollegiate WB was 
conducted before the COVID-19 pandemic, whereas the 
present study was under the influence of the COVID-19 
pandemic. Thus, it may be possible that training with 
disease symptoms is less frequent, due to higher aware-
ness of the importance of infection risks and protecting 
teammates.

Strengths and limitations
Strengths of our study are that 51% of all players in the 
league participated in the study and an average weekly 
response rate of 93% was achieved. In addition, the 
period of data collection was the longest ever in a study of 
WB, and the cohort was the largest in a prospective study 
of WB league play. Also, because the cohort was com-
parable to the complete league regarding sex and classi-
fication distribution, the results may be generalizable to 
the entire league. Since the exposure time was recorded 
individually and was not estimated, the incidences could 
be calculated more accurately [9, 11]. The questionnaire 
used was completed by the athletes without the assis-
tance of medical personnel. On the one hand, this is a 
strength, as players were able to participate in the study 
without regular contact with medical staff.

On the other hand, the lack of medical examinations is 
the most important limitation of the study. As few details 
and no diagnoses of reported health problems were 
recorded, the definition of injuries and the distinction 

between acute injuries and overuse injuries might be 
inconsistent. Data should be compared to medical diag-
noses in future studies, but national-level wheelchair bas-
ketball teams may not always be equipped with a medical 
team within their entourage. Furthermore, selection bias 
could be present because only some of the players in the 
Bundesliga are professional athletes. These might have 
had more capacity to participate in the study than those 
who have a working career on the side. Also due to the 
COVID-19 pandemic, fewer games than usual took place 
and only the league under study was able to play. As a 
result, the cohort was smaller than originally planned.

As known from previous studies, training conditions in 
WB are heterogeneous in different countries, [10] which 
is why the present results can be transferred to other 
countries and leagues only to a limited extent.

Perspective
Due to COVID-19 pandemic restrictions, only the first 
Bundesliga took place in 2020/21. Therefore, method-
ologically similar studies should be conducted in other 
(lower) German and international leagues in the future. 
This would allow longitudinal data and data from larger 
cohorts to be collected, and the influence of potential 
predictors, such as sex, classification, age, and perfor-
mance class, could be further investigated. Additionally, 
future studies should collect more details on reported 
health problems, such as sports activity, injury mecha-
nism, etiology of illnesses, and diagnosis, to allow a more 
detailed analysis of the health problems that occurred 
and should continue to investigate whether there are dif-
ferences in the characteristics and frequency of reported 
health problems over the course of the season.

Conclusion
By recording health problems in league play over several 
months, this study examined a large part of the everyday 
sporting life of a WB player more comprehensively than 
previous prospective studies in WB. Due to the high pro-
portion and large burden of overuse injuries, these could 
be a good foundation for future prevention measures. It 
should be taken into account that women reported more 
health problems than men, so developing different pre-
vention measures for men and women may be appropri-
ate. Nevertheless, the results of the study indicate that 
findings from previous studies in WB major tournaments 
and Paralympic sports are only partially transferable to 
WB league play. Therefore, the results suggest that fur-
ther, methodically similar, research is needed in WB 
league play.

Abbreviations
WB  Wheelchair Basketball
95% CI  95% confidence interval
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