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Introduction

Over the last years, participation in Paralympic 
sports increased (28). However, an increase in 
training load, intensities and competition parti-
cipation increases the risk of injuries or illnesses, 
as well (13). The term health problem was imple-
mented, extending the sole state of injured or 
ill with mental or social non well-being (1). The 
epidemiology of injuries and illnesses during the 

Paralympic Games have been extensively studied 
(7, 10, 15, 29). Incidence and prevalence of inju-
ries and illnesses among elite Para athletes are 
higher than among their able-bodied pairs (8) 
and their injuries and illnesses often have more 
serious consequences (15, 16). However, pros-
pective monitoring data of Para athletes are still  
sparse (11, 14).
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	› Problem: In-competition injury and illness incidences in Pa-
ralympic athletes have been studied extensively during the last 
decade. However, longitudinal monitoring data is still lacking. 
Therefore, the purpose of this study was to prospectively record  
incidence rates and type of health problems of Paralympic athle-
tes during the preparation period for the 2020 Tokyo Paralympic 
Games.

	› Method: German Paralympic athletes preparing for the 2020 
Tokyo Paralympic Games were invited to complete the Oslo 
Sports Trauma Research Center questionnaire on health pro-
blems weekly using a web application. Additionally, training 
volume and competition exposure were asked.

	› Results: 79 athletes were included in the study and were ob-
served for 10 months. The health problem incidence rate was 
7.5/1000 exposure hours (95% CI: 6.5-8.6). Illnesses were half of 
the reported health problems and acute injuries had the highest 
time loss with 13±24 days. Females, younger age groups, visual 
impaired athletes and participants in ambulatory sports had 
higher incidence rates compared to their pairs. 

	› Discussion: Reported incidence rates of health problems are 
high among Paralympic athletes. Obtained data is comparable 
to Paralympic Games and a Swedish Paralympic cohort. Injury 
and illness factors are manifold and demand further research to 
develop and implement preventive strategies.

	› Problem: Die Häufigkeit von Verletzungen und Krankheiten bei 
paralympischen Athleten während eines Wettkampfes wurde 
in den letzten zehn Jahren mehrfach systematisch untersucht. 
Hingegen sind longitudinale Erhebungen rar. Das Ziel dieser 
Studie war die prospektive Erfassung der Häufigkeit und Art 
von Gesundheitsproblemen bei paralympischen Athleten in der 
Vorbereitungszeit auf die Paralympischen Spiele 2020 in Tokio.

	› Methode: Deutsche paralympische Athleten, die sich auf die 
Paralympischen Spiele 2020 in Tokio vorbereiten, wurden einge-
laden, den Fragebogen des Oslo Sports Trauma Research Center 
zu gesundheitlichen Problemen wöchentlich über eine Web-Ap-
plikation auszufüllen. Zusätzlich wurden Trainingsvolumen und 
Wettkampfbelastung erfragt. 

	› Ergebnisse: 79 Athleten wurden in die Studie eingeschlossen. 
Der hier rapportierte Erhebungszeitraum betrug 10 Monate. 
Die Inzidenzrate für gesundheitliche Probleme lag bei 7,5/1000 
Belastungsstunden (95% KI: 6,5-8,6). Krankheiten machten die 
Hälfte der gemeldeten Gesundheitsprobleme aus und akute 
Verletzungen hatten mit 13±24 Tagen den höchsten Zeitverlust. 
Frauen, jüngere Altersgruppen, sehbehinderte SportlerInnen 
und TeilnehmerInnen an Fußgängersportarten hatten höhere 
Inzidenzraten gegenüber ihren Vergleichsgruppen. 

	› Diskussion: Die berichteten Inzidenzraten von Gesundheits-
problemen bei paralympischen Athleten sind hoch. Die erho-
benen Daten sind vergleichbar mit denen bei Paralympischen 
Spielen und einer schwedischen paralympischen Kohorte. Ver-
letzungs- und Krankheitsfaktoren sind vielfältig und erfordern 
weitere Forschung, um präventive Strategien zu entwickeln und 
umzusetzen.
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It has been shown that significantly higher injury rates oc-
cur in the three-day pre-competition phase compared to injury 
rates during the Paralympic games (7,8). Further, sex might be 
affecting the risk of getting injured or ill. The most common 
injury location was the upper extremity and respiratory infec-
tions were identified as the most frequent illness (6,9). None-
theless, these data were collected during intense competition. 
It may be hypothesized that injury and illness profiles vary 
considerably in out-of-competition periods. Thus, longitudi-
nal surveillance of health problems throughout preparation 
and training periods are relevant. These additions contribute 
to understanding possible health problem risks and patterns 
and are important for a comprehensive establishment of health 
problem prevention programs (7). 

A first prospective study reported the incidence and risk fac-
tors of injuries and illnesses in a Swedish Paralympic cohort. An 
eHealth-based self-reporting application to collect sports-relat-
ed injuries and illnesses in Paralympic sport (SRIIPS) was used. 
107 athletes completed weekly the questionnaire over one year. 
They revealed incidence proportions of 68% for injuries and 77% 
for illnesses (11). These findings support the need for more pro-
spective and longitudinal studies to determine and compare 
health problems among Paralympic athletes (7).

Therefore, an injury and illness surveillance for German 
Paralympic athletes was implemented (2, 14). This prospective 
study aimed to describe incidence rates and type of health prob-
lems in German Paralympic athletes preparing for the Tokyo 
2020 Paralympic Games.

	 Material and methods	

The study procedures followed the declaration of Helsinki and 
were approved by the institutional ethic committee.

All German candidate Athletes preparing for the Tokyo 2020 
Paralympic Games, were invited to participate in this prospec-
tive injury and illness surveillance study. The participants com-
pleted weekly the validated German version of the Oslo Sports 
Trauma Research Center questionnaire on health problems 
(OSTRC-HP) (17, 20). This article reports data collected before 
the beginning of the corona pandemic (May 2019 - February 
2020; 10 months). The OSTRC-HP questionnaire consists of four 
short questions about sports participation, training volume, 
performance, and health problems experienced during the pre-
vious 7 days (4). Health problems were defined following the 
International Olympic Committee consensus statement as any 
condition that reduces an athlete’s normal state of full health 
(1). In case of health problems, athletes were asked to provide 
further information on the number of training/competition 
days lost due to the problem and whether they have received 
medical attention. Disorders of the musculoskeletal system 
and concussions were classified as injuries and further sub-
categorized into acute (onset linked to a specific injury event) 

or overuse injuries (no specific injury event), whereas disorders 
of other body systems were classified as illnesses. Moreover, the 
location, symptoms and diagnosis of the health problem were 
completed. After the reporting of a health problem the diagno-
sis was either added by the team physician or by the study nurse 
in consultation with the athlete based on the described symp-
toms. The SMDCS coding system was used to classify health 
problems (1). Health problems are divided into substantial and 
non-substantial health problems, depending on how much the 
athlete is affected by the health problem. The more the athlete 
reports to be affected the higher the resulting severity score is 
(4, 5). Multiple substantial health problems were present when 
two or more health problems were reported within one week, 
and both were classified as substantial. In the event of an ongo-
ing or recurrent health problem, the participant could refer to 
the already reported problem. With an additional question, the 
participants were asked to provide their training volume and/or 
competition exposure during the last week. The questionnaire 
was sent to the athletes once a week via a web application (Ath-
leteMonitoring, FitStats Technologies Inc, Moncton Canada). In 
absence of a response a reminder was sent two days after the 
end of the week. The web application was tested for its feasibility 
in a prior conducted pilot study (2). The questionnaire is well 
established, valid and reliable and was recently updated (4,22). 
Participants were declared “dropout”, when they withdraw their 
informed consent and declared that their obtained data should 
not be used for analysis.

	 Statistics	

Health problem characteristics were presented using descrip-
tive statistics in the software R (version 4.0 (24), package inci-
dence (19)). Incidence rates were calculated from the number 
of reported incidents over 1000 exposure hours for injuries and 
overuse problems or 100 athlete days for illnesses. Additionally 
the 95 % confidence interval was reported (epi.conf function, 
package epiR (26)). Further, incidence rates of following subg-
roup were reported: male/female athletes, different age groups 
(14-25, 26-34 and 35-63 years of age) and  different impairment 
groups (paraplegia vs. visual vs. extremity vs. central neurolo-
gical vs. other impairment), type of sport (team vs individual) 
and mobility (wheelchair vs. ambulatory).

	 Results	

Out of approx. 250 athletes within the German Paralympic 
program, invited by the National Paralympic Committee, a 
total of 85 athletes were recruited. Six dropped out during the 
monitoring phase, leaving 79 participants included in the ana-
lysis. The overall mean weekly response rate over 10 months 
of surveillance was 73%. The mean age was 29.5 ± 10.9 years; 
49 (62%) athletes were males and 30 (38%) females. 18 

Characterization of reported health problems. SD=standard deviation, min=minimum, max=maximum.

TOTAL HEALTH 
PROBLEMS

INJURY OVERUSE ILLNESS
MULTIPLE HEALTH 

PROBLEMS
Per participant (mean±SD; min; max) 2.6±2.4 (0;13) 0.6±0.8 (0;3) 0.6±0.9 (0;5) 1.3±1.6 (0;8) 0.1±0.8 (0;7)

Duration in weeks (mean±SD; min; max) 2.4±3.6 (1;29) 4.2±5.5 (1;27) 2.9±4.5 (1;29) 1.7±1.3 (1;8) 1.5 (1;3)

Time loss in days (mean±SD; min; max) 6.6±13.7 (0;130) 13±23.8 (0;123) 4.2±7 (0;27) 4.6±6.4 (0;24) 3.6±3.3 (0;13)

Non-substantial (N; %) 80 (38.8%) 17 (34.7%) 25 (55.6%) 38 (36.9%) -

Substantial (N; %) 126 (61.2%) 32 (65.3%) 20 (44.4%) 65 (63.1%) 9 (100%)

Table 1
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(22.8%) participants were paraplegic athletes, 10 (12.7%) had 
a visual impairment, 26 (32.9%) an extremity impairment, 23 
(29.1%) a central neurological impairment and two (2.5%) other 
impairments. 40 (50.6%) athletes took part in a team sport, 
while 39 (49.4%) participated in individual sports. 65 (82.3%) 
performed their sport in a wheelchair and 14 (17.7%) ambula-
tory. A total of 27,147 exposure hours and 15,939 athlete days 
were recorded, leaving a mean exposure of 10.2 (± 7.2) hours per  
athlete per week.

In total, 206 health problems were reported by 65 ath-
letes (82% of all participants). Half of these were illnesses 
(n=103), 23.8% acute injuries (n=49), 21.8% overuse injuries 
(n=45) and 4.4% were multiple substantial health problems 
(n=9). Further characterizations of the reported health 
problems can be found in Table 1. The most often specified 
localizations of acute and overuse injuries were the shoul-
der (18%), hand (17%) and the lower back (10%) followed by 
foot, head and trunk (6% each). Disease categories were 
mostly reported for respiratory illnesses (49%), other un-
specific infectious diseases (14%), genitourinary (13%) and  
gastrointestinal (10%). 

The weekly incidence of reported health problems over 
ten months of surveillance is illustrated in figure 1. A sea-
son effect with higher incidences of illnesses can be seen 
during the winter months in late 2019 and early 2020. To-
tal incidence rates categorized per health problem and 
subgroups are displayed in Table 2. Multiple substantial 
health problems were included in the total calculation of 
Table 2 but were not listed as a separate category due to  
low numbers.

	 Discussion	

This prospective, longitudinal study evaluated health problems 
over 10 months in elite German Paralympic Athletes preparing 
for the 2020 Tokyo Paralympic Games. Half of the reported he-
alth problems were illnesses. Acute injuries resulted in three 
folded time loss in days and their duration was twice as long 
compared to the other reported health problems. Females and 
athletes with visual impairment showed two times high total 
incidence rates as males and as the other impairments groups.

The combined injury incidence rate per 1000 exposure hours 
of acute and overuse injuries in the present study was similar 
to incidence rates reported in elite wheelchair fencer (3.9/1000 
hours) and non-disabled hockey players (3.7/1000 hours) (3,18). 
A longitudinal study of Swedish Paralympic athletes, however, 
showed higher incidence rates of 6.9/1000 hours. Differences 
within the described injury incidence rates might be due to 
variations in sample size and monitoring time (23). Further, 
the athletes were contacted by medical personal to offer help 
regarding treatment options and, if necessary, were referred to 
a specialist immediately when reporting a health problem. This 
might have reduced the duration and the frequency of health 
problems. 

Previous results on incidence rates of injuries between male 
and female athletes have been confirmed in the present study (6, 
7). Females showed higher total incidence rates in the subgroup 
comparison of acute and overuse injuries. Incidence rates in the 
group over 35 years of age were lower compared to both younger 
age groups. Higher incidences of acute injuries were found in 
the middle-aged athletes (26-43 years of age) and higher inci-
dences of overuse injuries in the youngest athletes (14-25 years 

Incidence rates of health problems. CI=Confidence Interval, Para=Paraplegia; Visual=visual impairment, Extr=extremity impairment,  
CNS=central neurological impairment.

 
INCIDENCE RATE (IR)/1000 HOURS OF EXPOSURE (95% CI) IR/100 ATHLETE DAYS

TOTAL INJURY OVERUSE ILLNESS

Total (n=79) 7.5 (6.5-8.6) 1.8 (1.3-2.3) 1.6 (1.2-2.2) 0.6 (0.5-0.7)

Sex

Male (n=49) 5.8 (4.7-7.1) 1.5 (1-2.3) 1.2 (0.7-1.9) 0.5 (0.3-0.6)

Female (n=30) 10.2 (8.4-12.3) 2.1 (1.3-3.2) 2.2 (1.4-3.4) 0.8 (0.6-1.1)

Age

14-25 (n=30) 8.5 (6.5-10.8) 1.7 (0.9-2.9) 2.3 (1.3-3.7) 0.6 (0.3-0.9)

26-34 (n=32) 8.1 (6.5-10.2) 2.4 (1.5-3.5) 1.9 (1.1-2.9) 0.6 (0.4-0.8)

35-63 (n=17) 6.1 (4.6-7.9) 1.2 (0.6-2.1) 0.7 (0.3-1.5) 0.6 (0.4-0.9)

Impairment

Para (n=18) 6.3 (4.4-8.6) 1.6 (0.7-2.9) 1.2 (0.5-2.5) 0.5 (0.3-0.9)

Visual (n=10) 11.3 (7-17.1) 3.5 (1.4-7.4) 3 (1.1-6.7) 0.6 (0.2-1.2)

Extr (n=26) 7.8 (6.2-9.8) 1.6 (0.9-2.6) 1.8 (1-2.8) 0.6 (0.4-0.9)

CNS (n=23) 7.6 (5.9-9.8) 1.8 (1-2.9) 1.4 (0.7-2.5) 0.6 (0.4-0.9)

Other (n=2) 3.7 (0.7-10.9) 1.2 (0.03-6.9) 1.2 (0.03-6.9) 0.3 (0.008-1.8)

Sport

Team (n=40) 7.3 (5.9-8.9) 1.4 (0.8-2.2) 1.5 (0.9-2.4) 0.5 (0.4-0.7)

Individual (n=39) 7.8 (6.4-9.4) 2.1 (1.4-3.1) 1.7 (1.1-2.5) 0.7 (0.5-0.9)

Mobility 

Wheelchair (n=65) 7.2 (6.2-8.4) 1.5 (1-2.1) 1.5 (1-2) 0.6 (0.5-0.8)

Ambulatory (n=14) 9.8 (6.6-13.9) 3.7 (1.9-6.6) 2.8 (1.3-5.4) 0.4 (0.1-0.8)

Table 2
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of age). During the Paralym-
pic Games and in a longitu-
dinal study, the middle and 
oldest age groups showed 
the highest injury incidence 
rates (6, 7, 11). The increased 
incidence of overuse inju-
ries within the youngest in 
the present study is alarm-
ing, considering potential 
severe and longtime conse-
quences. High prevalences 
of severe injuries in young-
er Paralympic athletes have 
been reported elsewhere, 
too (12). Young Para athletes 
are often inexperienced 
with a) their disability and 
b) their body’s response to 
high loads. A special focus 
in injury prevention should, 
therefore, be set on young 
elite Paralympic athletes. 
In the last decade, injury 
and illness surveillance was 
implemented in youth mul-
tisport tournaments and 
Youth Olympic games (25). However, young Paralympic athletes 
are underrepresented in these studies (27).

Impairment type showed a clear impact on the health prob-
lem incidence rates. Athletes with visual impairment, followed 
by participants with extremity impairment, reported high num-
bers of acute and overuse injuries. Visual impaired football 
has shown the highest overall injury rates during Paralympic 
Games (7). Fagher et al. point out that more multiple and trau-
matic injuries were reported in athletes with visual impair-
ment. They discuss the generally higher risk of unintentional 
injuries and request further studies investigating injury mech-
anisms in this impairment group (11). The obtained data of the 
present studies support this demand.

Epidemiological data of the last Paralympic Summer and 
Winter Games have shown, that differences between the sports 
are present (6, 7). In the present study, a more detailed com-
parison among some of the sports was dismissed due to the 
small number of athletes. Nonetheless, team and individual 
sports were compared, showing similar total incidence rates 
and higher acute injuries among the individual sports partici-
pants. In contrast, higher incidences of injuries in team sports 
were found during the Paralympic Games and in a prospective 
surveillance study (7, 11). Subgroup analysis on the performance 
of sports in a wheelchair or ambulatory demonstrated higher 
injury incidence rates among ambulatory sports. These findings 
are in line with previously published data (11). Higher injuries 
in ambulatory sports might arise from the combination with 
the type of sports. Data of the Paralympics 2016 showed signifi-
cantly higher incidences of injury in contact sports, e.g. football 
5 or 7 a-side or judo (7). Therefore, subgroup analysis of contact 
and non-contact sports might provide a further understanding 
of injury pattern and incidences. 

The most-reported locations of injuries were the shoulder 
followed by the hand. Locations prone to frequent injury during 
Paralympic Games were identified in the upper extremity, as 
well (6, 7, 21). The greater number of participants in wheelchair 
sports and the dependence on the upper limbs in daily life show 

the necessity of preventive strategies to maintain the athlete’s 
self-sufficiency (14).

Illness incidence rates were reported per 100 athlete days 
according to the IOC consensus statement (1). The incidence 
rate of illness was lower in the present study than Paralympic 
data, with 18.7 and 10/1000 athlete days for the Winter Games 
2014 and Summer Games 2016, respectively (9, 10). 

The gender comparison showed higher incidences in females, 
which was also reported in Paralympic data and the one-year 
monitoring of the Swedish Paralympic athletes (9, 11). Further, 
a higher incidence rate of illness was detected in wheelchair 
sports, supporting the findings by Fagher et al. (11). Athletes 
with impairments of the spinal cord and impairments requir-
ing the use of a wheelchair were identified as high prevalence 
groups of illnesses, particularly urinary tract infections (9). 
Therefore, fast strategies in diagnoses and treatment, espe-
cially in the vulnerable impairment groups, might reduce this 
illness (11). In the present study, the most reported diagnoses of 
illnesses were respiratory infections. A season effect during the 
colder winter months with higher numbers of reported illnesses 
and presumably respiratory infections was present. Thus, ath-
lete education on hygiene during training/competition and the 
protection of the immune system in winter month might have 
preventive effects. It will be interesting to see the comparison 
dates of the winter month 2020/2021, where infection presum-
ably will be reduced due to Corona contra measures. 

Some limitations should be discussed as well. The conducted 
prospective study using a validated questionnaire (4) demanded 
a relatively short recall time of the last week. However, there 
might be a bias due to self-reporting of the health problems. 
On the one hand, participants might not want to share their 
health problems and report no injuries or illnesses. On the other 
hand, a weekly questionnaire and possible subsequent contact-
ing may enhance awareness and sensibility for health problems, 
resulting in over-reporting by the athletes. Nonetheless, an 
overall response rate of above 70% could lead to the assumption 
that reports were given truthful or they were dismissed for 

Figure 1  
Weekly incidence of health problems of all participants over 10 months.



Originalia

216 GERMAN JOURNAL OF SPORTS MEDICINE  72  4/2021

Injury and Illness Surveillance in Paralympic Athletes 

that week. A rather small sample size limits the significance 
of the analysis, especially in the comparison of impairments. 
Although the characterizations of the participating athletes 
were described, further information on classification level or 
use of assistive devices and the cause of the impairments could 
enhance the understanding of health problem profiles (23). By 
forming smaller subgroups, specific risk factors may be bet-
ter identified. Nonetheless, sample size in national monitoring 
projects are limited. An international collaboration might be 
valuable to combine data sets and to gain further explanations 
in health monitoring and recommendations in prevention.

Injury and illness surveillance in Paralympic athletes pro-
vide information on incidences, patterns and risk factors of 
specific health problems. This study showed illnesses take up 
to half of the reported health problems, but acute injuries imply 
the longest time loss for the athlete. Females, younger age, vi-
sual impairment and participation in ambulatory sports might 
affect the incidence rates of health problems, needing further 
evaluation to implement preventive strategies.�
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