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ABSTRACT

Objective To determine the incidence and
characteristics of newly incurred injuries and illnesses
during international Athletics Championships, by
improving the medical surveillance coverage, in order to
determine future prevention strategies.

Design Prospective recording of newly occurred
injuries and illnesses.

Setting 13th International Association of Athletics
Federations World Championships in Athletics 2011 in
Daegu, Korea.

Participants National team and Local Organising
Committee physicians; and 1851 registered athletes.
Main outcome measures Incidence and
characteristics of newly incurred injuries and illnesses.
Results 82% of athletes were covered by medical
teams participating with a response rate of 94%. A total
of 249 injuries were reported, representing an incidence
of 134.5 injuries per 1000 registered athletes, and 119
(48%) resulted in time loss from sport. A total of 185
injuries affected the lower limb (74%). Hamstring strain
was the main diagnosis and 67% resulted in absence
from sport. Overuse (n=148; 59%) was the predominant
cause. A total of 126 ilinesses were reported,

signifying an incidence of 68.1 per 1000 registered
athletes. Upper respiratory tract infection was the most
common reported diagnosis (18%), followed by exercise-
induced dehydration (12%), and gastroenteritis/diarrhoea
(10%). The highest incidences of injuries were found in
combined events and middle and long-distance events,
and of illness in race walking events.

Conclusion During elite Athletics World
Championships, 135 injuries, 60 time-loss injuries and
68 illnesses per 1000 registered athletes were reported.
Higher risks of injuries were found in combined events
and long-distance runs. Preventive interventions

should focus on overuse injuries and hamstring strains,
decreasing the risk of transmission of

infectious diseases, appropriate event scheduling and
heat acclimatisation.

INTRODUCTION

Track and field (athletics) is both a popular and
global sport. Competition in top-level athletics
posesrisk of suffering from injuries and illnesses as
our research group has already published.!"3 The
protection of the athletes” health is an important
task for the International Olympic Committee
(IOC) and the International Association of
Athletics Federations (IAAF)I=® and systematic
injury and illness surveillance has been developed
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during track and field events,! 2 in order to deter-

mine direction for injury and illness prevention
following the four-stage model of van Mechelen
etal®

Injury incidence during international athlet-
ics competitions is high: 10%-14% of athletes
incurred an injury during the Championships, and
half of these were expected to result in time loss
from sport.!=3 Therefore, introducing prevention
strategies focused on the most relevant injuries
(high frequency and/or severity), adapted to their
mechanisms and risk factors, is of interest.®”

In addition, approximately 7% of athletes
incurred an illness during the 2009 IAAF
Championships; 50% lead to time loss from sport.?
This rate was comparable to those reported in
similar top-level competitions.” & ? Since reduced
illness rates have been reported to be associ-
ated with higher team performance during the
Winter Olympic Games 2010 for the Norwegian
team,!? illness-prevention strategies should be an
objective for athletes, National Federations and
National Olympic Committees, and is congruent
with the IOC and IAAF’s objective to protect
athlete’s health.

Therefore, in keeping with this context, the
aim of this study was to improve the medical
surveillance system through the identification
of the incidence and characteristics of newly
incurred injuries and illnesses during track and
field international Championships, in order to
determine future prevention strategies.

METHODS

Implementation

The present study used the methodology of injury
and illness surveillance validated by the IOC,* and
implemented by the IAAF during international
track and field competitions,' 2 during the period
of the Daegu 2011 IAAF World Championships
(27 August to 4 September). The research group
repeated the implementation stages taken at pre-
vious surveillances and described elsewhere.! 2
In addition, three volunteers from the local
Organising Medical Staff participated in the
data collection and helped the authors JMA, GF,
FD and BA) with daily interviews of participat-
ing team physicians, quality review of the daily
reports, and data input. The issue of duplicate
reporting was solved by the consensus of two
authors (PE and JMA); information from the
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national team physician’s report was preferred over the Local
Organising Committee (LOC) physician’s report.

Definitions of Injury and lliness
The study followed the injury and illness definition criteria
published previously.! 249

Injury and illness report form

The injury and illness report form was used in previous stud-
ies and has already been published.!™ The injury location clas-
sification has been improved in order to distinguish anterior
and posterior and/or medial and lateral location for upper and
lower extremity injuries. Although this form was available in
several languages, English reporting was encouraged.

Confidentiality and ethical approval

The athletes’ accreditation number was used only to avoid
duplicate reporting from team and LOC physicians and to
provide information on age, gender and national federation
of the athlete from the IAAF database. All injury and ill-
ness reports were stored in a locked filing cabinet and were
made anonymous after the Championships. Confidentiality
of all information was ensured so that no individual athlete
or team could be identified. Ethical approval was obtained
from the Oslo University School of Medicine Ethical
Committee.

Data analysis

The response rate and coverage, the number of registered ath-
letes (population at risk), competing athletes (athletes exposed
to the competition) and participations (athletes’ exposure in
competition) were calculated using a list of athletes registered
for the Championships provided by the IAAF and the com-
petition schedule published on the internet (http://daegu2011.
iaaf.org/index.html). The incidence of injury and illness were
calculated in accordance with the IOC approach* and previ-
ous track and field studies.! ? The gender, age (<20 years of
age, 21-25 years, 26-30 years, 231 years), severity (time-loss,
no time-loss), circumstance (training, competition) and type
of event were analysed for risk evaluation. Statistical methods
applied were means with SD and t-test for age values, and fre-
quencies, cross-tabulations, and y?-test for injury and illness
data. All data were processed using excel. Significance was
accepted at p<0.05.

RESULTS

Coverage and response rate of the injury and illness
surveillance system

All countries with more than 15 registered athletes (n=61;
30.3% of 201 national teams) participated in this study cov-
ering 1512 athletes (81.7% of 1851 registered). Coverage and
response rate are reported in table 1. The number of injuries
reported by the national medical teams was significantly
higher than those reported by the LOC physicians (148/116,
respectively; x?=8.3; p=0.004), and the number of illnesses
was similar (64/76, respectively; x>=2.7; p=0.1). Fifteen injuries
and 14 illnesses were reported from both sources. Among
athletes covered by national medical teams participating in
this study, 27% of injuries and 24% of time-loss injuries and
26% of illnesses and 4% of time-loss illnesses were reported
only by the LOC physicians and not reported by national
medical teams.
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Table 1 Coverage and response rate of the injury and illness
surveillance system during IAAF World Athletics Championships.
Daegu 2011  Berlin 20092 0Osaka 2007
Total number of countries 201 200 200
Total number of registered 1851 1979 1980
athletes
Number of medical teams 61(30.3) 47  (23.5) 49 (24.5)

participating in the

injury and illness

surveillance (%)
Number of athletes

covered (%)
Comparisons with

Daegu 2011 surveillance
Number of report forms

returned (response

1512(81.7) 1486 (75.1) 1660 (84.0)
x?=24.5; p<0.001 ¥?=3.1; p=0.08

515(93.8) 382 (90.3) 333 (76.0)

rate in %)
Comparisons with w¥=4.1;p=0.04  »?=66.6;
Daegu 2011 surveillance p<0.001

Frequency and characteristics of injury

A total of 249 injuries were reported, representing an incidence
of 134.5 injuries per 1000 registered athletes (95% CI 119.0
to 150.1), and 78.1 injuries per 1000 athlete participations
(95% CI 68.7 to 87.4) (table 2). A total of 237 injury inci-
dents with 246 injured body parts (three cases missing loca-
tion) and 248 injury types (one case missing injury type) were
reported.

Affected body parts, types and injury diagnoses are
reported in table 3. The lower limb was affected in 74.3% of
injuries (n=185). The thigh was the most frequently injured
(n=67; 26.9%) with posterior thigh (hamstring) involved in
58 cases (23.3% of all injuries). The most frequent types of
injury were strains (n=77; 30.9%), followed by sprains (n=54;
21.7%), muscle cramps (n=43; 17.3%) and skin laceration
(n=283; 9.2%). The most common diagnosis was hamstring
strain (n=39; 15.7%).

Circumstance, causes and severity of injury

Most of the injuries occurred during competition (n=140;
56.2%); almost half during finals (n=69) and 40 injuries
occurred during training (16.1%). This information, however,
was missing for 69 injuries (27.7%). Injuries in competition
and during training were similar with respect to injury loca-
tion and proportion of time loss but significant differences
were observed for injury type (x*=21.7; p=0.001) and cause
((?=24.5; p=0.001), especially for overuse injuries with sudden
onset (32.4+8.1 vs 3.8+2.8 injuries per 1000 registered athletes,
respectively). Injury risk during finals was significantly higher
than during qualifying rounds (?=5.9; p=0.02).

Overuse injuries were dominant (n=148; 59.4%), with both
gradual (n=57; 22.9%) and sudden onset (n=91; 36.5%), fol-
lowed by non-contact trauma (n=31; 12.4%) and recurrence of
previous injury (n=23; 9.2%). Almost three-quarters (n=17) of
recurrent injuries reported required time loss from sport; up to
4 weeks for one athlete.

Information in relation to time loss after injury was avail-
able for 213 out of 249 injuries (85.5%); missing for 36 cases).
One hundred and nineteen injuries (47.6% of all injuries) were
expected to result in time loss, representing an incidence of
64.2 injuries per 1000 registered athletes (95% CI53.1 to 75.5),
and 37.3 injuries per 1000 athlete participations (95% CI 30.7
to 43.9) (table 2). The most common time-loss injury diagnosis
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Table 2 Athletes, exposure, injury and illness in different event groups

Middle Long Race Combined
Sprints Hurdles  distances distances walking Jumps Throws events Total
Population
Registered athletes 820 143 142 229 143 251 240 59 1851t
Competing athletes 737 143 141 225 141 263 239 58 1947
Athletes participations 1134 263 245 256 141 364 336 451 3190
Injuries
Number of injuries 69 18 25 43 18 35 24 17 249
Training 12 4 7 4 0 7 4 2 40
Competition 28 8 15 31 16 18 10 14 140
NA 29 6 3 8 2 10 10 1 69
Injuries per 1000 registered athletes 84.1 125.9 176.1 187.8 125.9 139.4 100 288.1 134.5
Injuries per 1000 athlete participations 60.8 68.4 102 168 121.7 96.2 .4 377 78.1
Injuries during competition per 1000 competing 38.0 55.9 106.4 137.8 113.5 68.4 41.8 241.4 71.9
athletes
Injuries during competition per 1000 athlete 247 30.4 61.2 1211 113.5 49.5 29.8 31.0 439
participations
Time-loss injuries*
0 days 20 7 18 12 8 10 n 8 94
1-7 days 20 5 3 22 5 9 6 4 74
8-28 days 8 2 2 5 4 10 2 4 37
>4 weeks 3 2 0 1 0 1 0 0 7
Time-loss injuries per 1000 registered athletes 378 62.9 35.2 122.3 62.9 79.7 33.3 135.6 64.2
Time-loss injuries per 1000 athlete participations 213 34.2 20.4 109.4 63.8 54.9 23.8 171 313
Time-loss injuries during competition 16 3 1 20 8 14 2 7 n
Time-loss injuries during competition per 1000 21.7 21.0 71 88.9 56.7 53.2 8.4 120.7 36.5
competing athletes
Time-loss injuries during competition per 1000 14.1 1.4 41 78.1 56.7 38.5 6.0 15.5 22.3
athlete participations
llinesses
Number of illnesses 43 " 7 20 17 13 14 1 126
llinesses per 1000 registered athletes 52.4 76.9 49.3 87.3 118.9 51.8 58.3 16.9 68.1
llinesses per 1000 competing athletes 58.3 76.9 49.6 88.9 120.6 49.4 58.6 17.2 9.2
liinesses per 1000 athlete participations 379 41.8 28.6 78.1 120.6 35.7 a7 2.2 39.5
Number of time-loss illnesses 7 3 3 2 4 0 4 0 23

*Information on time-loss is missing for 36 injuries, for one time-loss injury the time of absence in sport was not reported.
tSince some athletes competed in more than one discipline, this is not the sum of registered athletes in each different event groups but the total number of registered

athletes.

was hamstring strain (n=18; 15.3%) (table 3). Injuries with
and without subsequent time loss differed significantly in
location (x?=23.1; p=0.01), but not in type and cause of injury.
Physician’s estimations of absence from sport were reported in
table 2. The seven injuries with more than 4 weeks absence
were as follows: two Achilles tendon sprains, an ankle sprain,
a groin strain, a lower leg strain, a lower leg stress fracture
and a thoracic spine muscle cramp. In addition, a knee anterior
tendon rupture was reported, but information on duration of
absence was missing for this injury.

Age, sex and sport of the injured athletes

The age of the injured athletes ranged between 17 and 42 years
(mean, 26.9+4.7; missing: 4) without significant difference
between males and females (p=0.07). Male athletes suffered
more injuries (59.0%) than female athletes (40.2%) (x*=4.17;
p=0.04; 148.5+22.2 vs 116.1+21.4 per 1000 registered athletes,
respectively; missing: 2), but no differences in time-loss injury
and recurrence of previous injury incidences were reported.
The injuries of males and females were similar regarding
location, cause, severity and circumstances but differed sig-
nificantly for type of injury (4>=91.5; p<0.001); specifically for
strains (28.6+7.6 vs 13.0+5.2, respectively) and muscles cramps
(17.3+£5.9 vs 5.4£3.3, respectively). Male athletes suffered
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more hamstring strain than female athletes (¥?=7.7; p=0.006;
16.7+5.8 vs 4.3+3, respectively).

Most injuries occurred in athletes older than 30 years of age
(?=12.0; p=0.008; 198.4+48.8 vs 120.7+48.4, 115.5+22.3 and
130.2+26.3 injuries per 1000 registered athletes, for younger
than 20 years, 21 years to 25 years and 26 years to 30 years,
respectively). The injuries differed significantly by age for
location (?=46.5; p=0.03) and cause (y’=21.1; p=0.05), but
were similar regarding injury type and severity.

The incidence of injuries (x>=40.9; p<0.001) and time-loss
injuries (x?=36.1; p<0.001) differed significantly between dis-
ciplines (tables 2 and 4). Athletes performing in combined
events (288.1+115.5), in middle- and long-distance events
(183.3+39.4) had the highest propensity to incur an injury,
while athletes performing in combined events (135.6+87.4),
and in long-distance events (122.3+42.4) were more likely to
incur a time-loss injury.

Frequency and characteristics of illness

A total of 126 illnesses were reported, equivalent to an inci-
dence of 68.1 illnesses per 1000 registered athletes (95%
CI 56.6 to 79.5), 39.5 illnesses per 1000 athlete participa-
tions (95% CI 32.7 to 46.8) and 7.6 illnesses per 1000 ath-
lete days (95% CI 6.2 to 8.9) (table 2). Affected systems,
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Table 3 Number (%) and diagnosis of all injuries and time-loss injuries in male and female athletes

Injuries Time-loss injuries
% of % of % of
Total injuries  Male injuries  Female injuries  Total % Male % Female %
All (injury events) 248 100 146 100 100 100 19 100 72 100 46 100
Head-neck (1-3) 3 1.2 2 1.4 1 1.0 1 0.8 1 1.4 0 0.0
Concussion 0 0.0 0.0 0.0 0.0 0.0 0.0
Strain 2 0.8 1 0.7 1 1.0 1 0.8 1 1.4 0.0
Contusion 1 0.4 1 0.7 0.0 0.0 0.0 0.0
Trunk (4-8) 34 13.7 20 13.7 13 13.0 14 1.8 9 12.5 4 8.7
Sprain 4 1.6 1 0.7 3 3.0 2 1.7 1 1.4 1 2.2
Strain 6 2.4 4 2.1 2 2.0 0.0 0.0 0.0
Contusion 2 0.8 2 1.4 0.0 2 1.7 2 2.8 0.0
Arthritis 3 1.2 1 0.7 2 2.0 0.0 0.0 0.0
Impingement 1 0.4 1 0.7 0.0 0.0 0.0 0.0
Laceration 1 0.4 0.0 1 1.0 0.0 0.0 0.0
Nerve injury 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0
Muscle cramps* 14 5.6 8 5.5 5 5.0 9 1.6 5 6.9 3 6.5
Others 2 0.8 2 1.4 0.0 0.0 0.0 0.0
Upper extremity (11-18) 24 9.6 12 8.2 12 12.0 9 1.6 5 6.9 4 8.7
Fracture 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Other bone injury 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0
Dislocation 1 0.4 1 0.7 0.0 0.0 0.0 0.0
Sprain 10 4.0 6 4.1 4 4.0 4 3.4 3 4.2 1 2.2
Strain 2 0.8 1 0.7 1 1.0 1 0.8 1 1.4 0.0
Contusion 3 1.2 1 0.7 2 2.0 1 0.8 0.0 1 2.2
Tendinosis 1 0.4 0.0 1 1.0 0.0 0.0 0.0
Laceration 5 2.0 2 1.4 3 3.0 1 0.8 0.0 1 2.2
Hip (21) 4 1.6 2 1.4 2 2.0 2 1.7 1 1.4 1 2.2
Strain 2 0.8 0.0 2 2.0 1 0.8 0.0 1 2.2
Tendinosis 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0
Laceration 1 0.4 1 0.7 0.0 0.0 0.0 0.0
Groin (22) 12 4.8 10 6.8 2 2.0 9 1.6 9 12.5 0 0.0
Strain 9 3.6 8 5.5 1 1.0 i 5.9 7 9.7 0.0
Tendinosis 2 0.8 2 1.4 0.0 2 1.7 2 2.8 0.0
Fasciitis 1 0.4 0.0 1 1.0 0.0 0.0 0.0
Thigh (23) 67 26.9 48 32.9 19 19.0 27 221 18 25.0 9 19.6
Sprain 6 2.4 3 2.1 3 3.0 0.0 0.0 0.0
Strain 4 16.5 32 21.9 9 9.0 18 15.1 14 19.4 4 8.7
Tendinosis 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Laceration 1.2 2 1.4 1 1.0 0.0 0.0 0.0
Muscle cramps 15 6.0 " 15 4 4.0 7 59 4 5.6 3 6.5
Others 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Knee (24) 29 11.6 14 9.6 15 15.0 8 6.7 5 1.0 3 6.5
Tendon rupture 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0
Sprain 12 4.8 6 4.1 6 6.0 2 1.7 2 2.8 0.0
Lesion of meniscus or 2 0.8 2 1.4 0.0 0.0 0.0 0.0
cartilage
Strain 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0
Contusion 4 1.6 1 0.7 3 3.0 2 1.7 1 1.4 1 2.2
Tendinosis 3 1.2 1 0.7 2 2.0 0.0 0.0 0.0
Arthritis 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Laceration 2 0.8 0.0 2 2.0 0.0 0.0 0.0
Muscle cramps 2 0.8 2 1.4 0.0 0.0 0.0 0.0
Others 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Lower leg (25) 30 12.0 17 11.6 13 13.0 19 16.0 10 13.9 9 19.6
Stress fracture 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Sprain 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Strain n 4.4 6 41 5 5.0 7 5.9 5 6.9 2 4.3
Contusion 2 0.8 2 1.4 0.0 0.0 0.0 0.0
Continued
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Table 3 Continued

Injuries Time-loss injuries
% of % of % of
Total injuries  Male injuries  Female injuries  Total % Male % Female %
Sprain 4 1.6 3 2.1 1 1.0 3 25 3 4.2 0.0
Strain 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Tendinosis 3 1.2 1 0.7 2 2.0 1 0.8 0.0 1 2.2
Laceration*® 2 0.8 0.0 0.0 0.0 0.0 0.0
Muscle cramps 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0
Ankle (27) 18 12 8 5.5 10 10.0 14 11.8 5 6.9 9 19.6
Sprain 15 6.0 6 4.2 9 9.0 12 10.1 4 5.6 8 17.4
Strain 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Contusion 1 0.4 1 0.7 0.0 0.0 0.0 0.0
Muscle cramps 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0
Foot (28) 15 6.0 7 4.8 8 8.0 9 1.6 4 5.6 5 10.9
Fracture 1 0.4 0.0 1 1.0 0.0 0.0 0.0
Stress fracture 1 0.4 0.0 1 1.0 0.0 0.0 0.0
Sprain 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Contusion 5 2.0 3 2.1 2 2.0 4 3.4 2 2.8 2 4.3
Tendinosis 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
Fasciitis 1 0.4 1 0.7 0.0 0.0 0.0 0.0
Laceration 3 1.2 2 1.4 1 1.0 1 0.8 1 1.4 0.0
Muscle cramps 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0
Other 1 0.4 0.0 1 1.0 1 0.8 0.0 1 2.2
NA 2 0.8 1 0.7 1 1.0 1 0.8 1 1.4 0 0.0
Sprain 1 0.4 1 0.7 0.0 0.0 0.0 0.0
Strain 1 0.4 0.0 1 1.0 0.0 0.0 0.0
Muscle cramps 1 0.4 1 0.7 0.0 1 0.8 1 1.4 0.0

*Information on gender is missing for two injuries and for one time-loss injury; and on location is missing for two injuries.
Information on time-loss is missing for 36 injuries, for one time-loss injury the time of absence in sport was not reported

main symptoms and main diagnoses are reported in table
5. More than a third of the illnesses affected the respiratory
and ear, nose, throat tract (n=49; 38.9%). In 19.0% of the
cases, the affected system of illness was classified as ‘other’;
information was missing in one case. The most commonly
reported symptom was pain (n=39; 28.5%); eight symptoms
were missing and 19% were reported as ‘other’. No epi-
sodes of cardiovascular-related collapses and syncope were
recorded; only two illnesses affected the cardiovascular
system as heat exhaustion. The most commonly reported
cause was infection (n=12; 27.8%), followed by exercise
induced (n=22; 17.5%) and environmental (n=17; 13.5%); 10
causes of illnesses were missing and 27.0% were reported
as ‘other’. Upper respiratory tract infection was the most
commonly reported diagnosis (n=23; 18.4%), followed by
exercise-induced dehydration (n=15; 12%), and gastroen-
teritis/diarrhoea (n=13; 9.5%).

Twenty-three illnesses (18.3%) were expected to result
in time loss, equivalent to an incidence of 12.4 illnesses per
1000 registered athletes (95% CI 7.4 to 17.5) and 7.2 ill-
nesses per 1000 athlete participations (95% CI 4.3 to 10.1).
Gastroenteritis/diarrhoea was the most commonly reported
diagnosis (n=6; 26.1%), followed by upper respiratory tract
infection (n=5; 21.7%) and exercise-induced dehydration
(n=4; 17.4%) (table 5). lllnesses with and without subsequent
time loss differed significantly in affected system (x?=18.5;
p=0.02) and in main symptoms (x?=111.3; p<0.001), but not
in cause of illness.

No differences in illness and time-loss illness incidence
were reported between male and female athletes. The ill-
nesses of males and females were similar regarding affected
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system, cause, and severity of injury, but differed significantly
for main symptoms (x’=21.9; p=0.001). The illnesses were
similar between different categories of age regarding the inci-
dence, affected systems, main symptoms, causes and severity
of illnesses.

Illness incidence differed significantly between disciplines
(*=15.2; p=0.03), but not the incidence of time-loss illnesses
(?=10.8; p=0.15) (tables 2 and 6). Athletes performing in race
walking (118.9+53.0) had the highest propensity to incur an
illness.

DISCUSSION

This study aimed, by improving the medical surveillance cov-
erage, to improve the medical surveillance system through the
identification of the incidence and characteristics of newly
incurred injuries and illnesses during track and field inter-
national Championships in order to prioritise strategies for
injury and illness prevention. This was the third injury and
the second illness survey during IAAF World track and field
Championships.

Data-collection procedures

Medical team participation during Daegu 2011 Championships
was similar to Osaka 2007' and higher than during
Berlin 2009;? the response rate was higher than during Osaka
2007! and Berlin 20092 (table 1). These results are consistent
with our aim to improve medical surveillance coverage, which
can be further improved in future studies to achieve higher
compliance rates similar to those from other international
events.3® Moreover, the report form was completed with few
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Table 4 Number of registered athletes, injuries and injury risk of different events

No. of registered athletes No. of injuries per

No. of time-loss

Injury per 1000 Time-loss injuries per

per discipline discipline injuries per discipline registered athletes 1000 registered athletes
Men Women Men Women Men Women Men Women Men Women

Discipline

100 m 75 74 " 3 4 0 146.7 40.5 53.3 0
200 m 55 4 7 2 2 1 127.3 48.8 36.4 24.4
400 m ] 38 4 4 2 3 97.6 105.3 48.8 78.9
800 m 44 36 3 5 1 2 68.2 138.9 221 55.6
4x100 m relay 118 m 4 10 3 3 33.9 90.1 25.4 21.0
4x400 m relay 87 100 8 8 4 6 92.2 80.0 46.6 60.0
110 m/100 m hurdles 32 39 4 8 2 5 125.0 205.1 62.5 128.2
400 m hurdles* 34 38 2 3 1 1 58.8 78.9 29.4 26.3
1500 m 39 35 12 6 3 2 307.7 171.4 76.9 57.1
3000 m steeplechase 35 33 4 3 0 0 114.3 90.9 0 0
5000 m 4 24 8 4 5 3 195.1 166.7 122.0 125.0
10 000 m 21 19 2 1 1 1 95.2 52.6 47.6 52.6
Marathon 68 56 16 12 15 3 235.3 214.3 220.6 53.6
20 km walk 47 50 9 3 1 2 191.5 60.0 21.3 40.0
50 km walk 46 - 6 - 6 0 130.4 - 130.4 -
Discus throw 33 24 4 1 1 1 121.2 41.7 30.3 41.7
Hammer throw 35 30 4 1 2 0 14.3 33.3 57.1 0
Javelin throw* 37 28 7 5 3 0 189.2 178.6 81.1 0
Shot put 28 25 0 1 0 0 0 40.0 0 0
High jump 19 29 2 4 1 3 105.3 137.9 52.6 103.4
Pole vault 29 35 8 5 3 3 275.9 142.9 103.4 85.7
Long jump 37 36 8 2 5 2 216.2 55.6 135.1 55.6
Triple jump 32 34 4 2 1 2 125.0 58.8 313 58.8
Decathlon 30 - 10 - 6 333.3 - 200.0 -
Heptathlon - 29 - 7 - 3 - 241.4 - 103.4
Totalt 1063 964 147 100 72 46 138.3 103.7 67.7 411

*Information on gender is missing for two injuries (one in 400 m hurdles and one in javelin throw).
tSince some athletes competed in more than one discipline, this is not the sum of individual athletes.

missing values, suggesting that the injury surveillance system
is comprehensive and convenient. However, despite the encour-
aging response rate from the team physicians, the quality and
completeness of the reported data still remains unknown.
Indeed, Florenes et al'' and Bjorneboe et al'?> reported
that prospective surveillance medical staff underestimated
39% and 19% of injuries and time-loss injuries, respectively.
In our study, 27% of injuries, 24% of time-loss injuries
and 26% of illnesses were underestimated by the
national medical teams. Thus, other tools should be used to
improve the completeness of data (retrospective interview of
athletes, media monitoring or web-based system).'? Further
studies are needed to determine the accuracy of this system in
track and field events.

Incidence and diagnosis of injuries

The injury incidence during the Daegu 2011 Championships
was almost equal to that reported during the Berlin 2009
Championships? (134.5 and 135.4 injuries per 1000 registered
athletes, respectively). These results suggest that the injury
incidence during Osaka 2007, which was the first experience of
surveillance, was probably underestimated.! Using data from
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the last four international Athletics events,!™3 the estimated
injury incidence during elite Athletics Championships is 119.6
injuries per 1000 registered athletes (95% CI 112.5 to 126.8),
although 135 injuries per 1000 registered athletes appeared to
be a realistic injury incidence.

The time-loss injury incidence during Daegu 2011 (64.3% of
registered athletes) was higher than during Berlin 2009 (46.5%
of registered athletes; %?=5.8; p:O.OZ)2 and similar to during
Osaka 2007 (53%).! Using data from the last four international
Athletics events,!~3 estimated time-loss injury incidence during
elite Athletics Championships is 59.3 injuries per 1000 registered
athletes (95% CI 54.1 to 64.5) and represents half of all injuries.

During elite Athletics Championships, male athletes suf-
fered more injuries than female athletes.! 2 The influence

of age on injury risk remains unclear; during Berlin 2009,
most injuries occurred to athletes between 26 and 30 years of
age,? and during Daegu 2011 to athletes more than 30 years
of age.

The circumstances of injury during elite Athletics Champi-
onships revealed that most injuries occurred during com-
petition (56.2% to 85.9%).! 2 These findings are consistent
with the fact that during Championships, most of the time

BrJ Sports Med 2012;46:505-514. doi:10.1136/bjsports-2012-091008
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Table 5 Number (%) and diagnosis of all illnesses and time-loss illnesses in male and female athletes

llinesses Time-loss illnesses
% of
Total ilinesses  Male % Female % NA Total % Male % Female %
Allilinesses 137 100 69 100 68 100 0 27 100 13 100 14 100
Gastrointestinal (1)* 21 15.3 8 11.6 13 19.1 0 8 29.6 2 15.4 6 42.9
Pain 5 3.6 1 1.4 4 5.9 2 1.4 0 0.0 2 14.3
Diarrhoea/Vomiting 13 9.5 6 8.7 1 10.3 6 22.2 2 15.4 4 28.6
Other 3 2.2 1 1.4 2 2.9 0.0 0.0 0.0
Uro-genital (2) 3 2.2 0 0.0 3 4.4 0 0 0.0 0 0.0 0 0.0
Pain 2 1.5 0.0 2 2.9 0.0 0.0 0.0
NA 1 0.7 0.0 1 1.5 0.0 0.0 0.0
Respiratory/ear, Nose, throat (3)* 55 40.1 30 43.5 25 36.8 0 9 33.3 6 46.2 3 21.4
Fever 10 1.3 6 8.7 4 5.9 3 1.1 2 15.4 1 71
Pain 15 10.9 9 13.0 6 8.8 2 1.4 1 1.1 1 7.1
Dyspnoea/cough 12 8.8 7 10.1 5 14 3 1n1 2 15.4 1 71
Hyperthermia 2 1.5 1 1.4 1 1.5 1 3.7 1 117 0.0
Lethargy 1 0.7 0.0 1 1.5 0.0 0.0 0.0
Other 10 7.3 4 5.8 6 8.8 0.0 0.0 0.0
NA 5 3.6 3 4.3 2 29 0.0 0.0 0.0
Cardiovascular (4) 2 1.5 2 2.9 0 0.0 0 2 1.4 2 15.4 0 0.0
Dehydratation/exsiccosis 1 0.7 1 1.4 0.0 1 3.7 1 117 0.0
Collapse/(near) syncope 1 0.7 1 1.4 0.0 1 3.7 1 117 0.0
Neurological (5)* 12 8.8 6 8.7 6 8.8 0 3 1.1 2 15.4 1 71
Pain 5 3.6 4 5.8 1 1.5 1 3.7 1 117 0.0
Hyperthermia 1 0.7 0.0 1 1.5 0.0 0.0 0.0
Dehydration 1 0.7 0.0 1 1.5 0.0 0.0 0.0
Syncope 1 0.7 0.0 1 1.5 0.0 0.0 0.0
Lethargy 1 0.7 0.0 1 1.5 0.0 0.0 0.0
Other 3 2.2 2 29 1 1.5 2 14 1 117 1 71
Dermatological (6) 8 5.8 4 5.8 4 5.9 0 1 3.7 0 0.0 1 71
Pain 1 0.7 1 1.4 0.0 0.0 0.0 0.0
Other 7 5.1 3 4.3 4 59 1 3.7 0.0 1 71
Musculoskeletal (7) 3 2.2 1 1.4 2 2.9 0 0 0.0 0 0.0 0 0.0
Pain 3 2.2 1 1.4 2 29 0.0 0.0 0.0
Dental (8) 7 5.1 5 1.2 2 2.9 0 0 0.0 0 0.0 0 0.0
Pain 5 3.6 4 5.8 1 1.5 0.0 0.0 0.0
Other 1 0.7 1 1.4 0.0 0.0 0.0 0.0
NA 1 0.7 0.0 1 1.5 0.0 0.0 0.0
Other (9)* 25 18.2 12 17.4 13 19.1 0 4 14.8 1 117 3 214
Fever 2 1.5 1 1.4 1 1.5 0.0 0.0 0.0
Pain 3 2.2 2 2.9 1 1.5 0.0 0.0 0.0
Hyperthermia 2 1.5 0.0 2 2.9 0.0 0.0 0.0
Dehydration 13 9.5 7 10.1 6 8.8 3 1.1 1 1.1 2 14.3
Syncope 1 0.7 0.0 1 1.5 0.0 0.0 0.0
Lethargy 2 1.5 0.0 2 29 1 3.7 0.0 1 71
Other 2 1.5 2 2.9 0.0 0.0 0.0 0.0
NA 1 0.7 1 1.4 0.0 0.0 0.0 0.0

*Since some illnesses presented more than one symptom, the sum of illness and time-loss illnesses is higher than actually reported.

is spent in competition compared with the entire track
and field season during which, most of the time is spent in
training.'® 14

The risk of injury varied substantially between the dis-
ciplines with athletes competing in combined events, stee-
plechase and middle- and long-distance runs having the
highest risk.! 2 In these events, although the intensity of
exercise is lower than during other events, the time spent
in training and/or in competition is longer. Overuse also
might have a facilitating influence in these events more
than in others. This higher injury and time-loss injury

BrJ Sports Med 2012;46:505-514. doi:10.1136/bjsports-2012-091008

risk in combined events is consistent with results of previ-
ous studies.! 217 16 This finding may be explained by the
number and intensity of the events and the high demand
from both physical and psychological standpoints.!®~1/
Therefore, the biomechanical and/or metabolic demands of
these events need to be better understood to direct strate-
gies for injury prevention.

During elite Athletics Championships, the most com-
mon diagnosis was thigh strain (14-17%), and especially
hamstring strain (16%); 46% of them leading to time loss
from sport. Changes in the reporting system allowed us to

511

"yBuAdoo Ag palosioid 1senb Ad 202 ‘8 YoJeN uo jwod fwg wslg//:dny woly pspeojumod "2T0Z IMdy 02 U0 800T60-2T0Z-sHodslg/oeTT 0T se paysiignd 1sil :ps|A suods [ ig


http://bjsm.bmj.com/

Original article

Table 6 Number of registered athletes, illnesses and illness risk of different events

No. of registered athletes No. of illnesses per

No. of time-loss illnesses llinesses per 1000

Time-loss illnesses per

per discipline discipline per discipline registered athletes 1000 registered athletes
Men Women Men Women Men Women Men Women Men Women

Discipline

100 m 75 74 4 5 0 1 53.3 67.6 0 13.5
200 m 55 41 7 1 1 0 121.3 244 18.2 0
400 m 4 38 4 3 1 1 97.6 78.9 244 26.3
800 m 44 36 0 3 0 1 0.0 83.3 0 218
4x100 m relay 18 m 2 3 2 0 16.9 21.0 16.9 0
4x400 m relay 87 100 10 1 0 0 114.9 10.0 0 0
110 m/100 m hurdles 32 39 1 4 0 1 31.3 102.6 0 25.6
400 m hurdles 34 38 2 4 1 1 58.8 105.3 29.4 26.3
1500 m 39 35 4 1 2 1 102.6 28.6 51.3 28.6
3000 m 35 33 1 1 0 0 28.6 30.3 0 0
5000 m 4 24 3 0 0 0 73.2 0 0 0
10000 m 21 19 1 2 0 0 47.6 105.3 0 0
Marathon 68 56 6 8 0 2 88.2 142.9 0 35.7
20 km walk 47 50 2 8 0 2 42.6 160.0 0 40.0
50 km walk 46 - 7 - 2 0 152.2 - 43.5 -
Discus throw 33 24 1 1 0 0 30.3 4.7 0 0
Hammer throw 35 30 2 2 0 1 57.1 66.7 0 33.3
Javelin throw 37 28 4 2 2 1 108.1 7.4 54.1 35.7
Shot put 28 25 0 2 0 0 0 80.0 0 0
High jump 19 29 2 3 0 0 105.3 103.4 0 0
Pole vault 29 35 0 2 0 0 0 57.1 0 0
Long jump 37 36 2 3 0 0 54.1 83.3 0 0
Triple jump 32 34 1 0 0 0 31.3 0 0 0
Decathlon 30 - 0 - 0 - 0 - 0 -
Heptathlon - 29 - 1 - 0 - 345 - 0

53.3 67.6
Total* 1063 964 66 60 n 12 121.3 244 10.3 12.4

*Since some athletes competed in more than one discipline, this is not the sum of individual athletes.

distinguish between anterior and posterior thigh injuries.
Specific studies have suggested that hamstring mechanics
during sprint,!® strength imbalances,!? flexibility, fatigue,
age, ethnicity (particular racial or anatomical predisposition)
and severity of previous injury?? play a role in occurrence of
track and field hamstring strain.”* However, the exact biome-
chanics and contribution of hamstring during sprint remain
unknown and is debated.?! Indeed, a recent publication advo-
cates that hamstring peak force occurs in the stride cycle
during terminal swing which suggests a focus on hamstring
strengthening exercises, especially involving eccentric con-
tractions performed with high loads at long muscle-tendon
lengths.'® However, since hamstring and opposing forces are
higher in early stance than in late swing, concentric contrac-
tions in close chain with high loads could also be of inter-
est.?? The quick change in the contraction mode (eccentric to
concentric) with a concomitant significant increase in ham-
string applied forces may represent a stage of fragility dur-
ing the sprinting cycle. Further studies on hamstring strains,
such as in team sports,>3~2% should be a priority of track and
field injury-prevention research to better understanding the
mechanisms and risk factors in order to determine and evalu-
ate the efficacy of adapted prevention measures. Other main
injuries were lower leg strain (5-9%), ankle sprain (3-6%) and
trunk muscle cramps (6%),' 2 and in agreement with previ-
ous studies, the majority of injuries were caused by overuse.!
21826 Thus, appropriate prevention strategies for overuse
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injuries should also be implemented including the recording
of overuse injuries throughout the season to better determine
the overuse injury prevalence,27 precociously treating acute
injuries, eliminating periods of overtraining and improving
preventive strengthening and recovery programs. No concus-
sion or anterior cruciate ligament ruptures were reported in
contrast with other sports where these major time-loss inju-
ries are frequent.3®

Incidence and diagnosis of illnesses
The incidence of illnesses during the Daegu 2011 Champi-
onships was equal to that reported during the Berlin 2009
Championships? (7.6 injuries per 1000 athlete days). This rate
is also similar to those reported in other international sport
events.? 89

The distribution of affected systems, main symptoms
and causes was similar between the Daegu 2011 and Berlin
2009 Championships.? Athletes performing in race walking
presented a higher incidence of illness, as was reported dur-
ing the Berlin 2009 Championships.? During elite Athletics
Championships, around 35%-38% of illnesses affected the
upper respiratory tract and 15% the gastrointestinal system.
Around 30% of illnesses lead to pain, 10% to diarrhoea/
vomiting and 10% to fever and around 30% of illnesses were
caused by infection, while 20%-30% were exercise induced.
Surprisingly, our results reported only 1.5% of illnesses from

BrJ Sports Med 2012;46:505-514. doi:10.1136/bjsports-2012-091008
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cardiovascular system illnesses compared with 22.2% during
Berlin 2009.? This difference could be explained by the dif-
ficulty of physicians to record systemic pathologies (dehydra-
tion, for example), and by the fact that 19% of illness affected
system were classified as ‘other’ in the present study. However,
only one cardiovascular-related collapse was reported during
Daegu 2011 versus seven during Berlin 2009,% possibly due
to the implementation of prevention strategies. Dehydration
was higher during Daegu 2011 (10% of symptoms) most likely
related to weather conditions. Preventive measures should be
implemented in further Championships with similar climatic
circumstances.

The most common diagnosis was upper respiratory tract
infection, in agreement with the Berlin 2009 results, but with
a lower rate (18.4% vs 30.4%, respectively).? These findings
are consistent with data from other elite sporting events.?9 ¢
Indeed, upper respiratory tract infections are more common in
elite athletes than in non-competitive athletes.?8 2% The addi-
tion of stress and the intensity of competition could explain
this high rate of upperrespiratory tractinfections. Temperature
and humidity changes between athletes’ accommodation, out-
door, warm-up area, call room or stadium could also play a
role. Gastroenteritis and dehydration were also commonly
reported during elite Athletics Championships (around 10%
and 12%-17%, 1'espectively).2 Climatic conditions, nutritional
changes, overcrowding and high intensity of activity could be
predisposing factors.

Limitations and perspectives

Methodological limitations have been previously dis-
cussed,? # however, some limitations of our study should
be mentioned. First, concerning the cause of injury, poten-
tial difficulties or mistakes could have been reported by
physicians between acute and chronic injuries. Indeed, in
the present study, 77% of hamstring strains were caused
by overuse (20.5% by gradual and 56.5% by sudden onset).
This rate is unexpectedly high for this pathology which is
most often reported as acute.'? 3% ‘Sudden onset’ could have
been interpreted as ‘acute’ by physicians, or athletes could
have presented previous symptoms. Second, new injuries,
recurrence of previous injury (or reinjury) or injury aggrava-
tion (or exacerbation) are difficult to distinguish.3! In this
context, to improve the collection data system by adding
items such as ‘acute or overuse injury’, ‘new injury, reinjury
or exacerbation’'? and ‘right or left side’!! could be relevant.
A third observation is that 20% to 30% of affected systems,
main symptoms and causes of illnesses were reported as
‘other’, which highlights the collection data system limita-
tions in describing illnesses. The coding system could be
improved to allow physicians to report illnesses more accu-
rately. Finally, since almost 20%-30% of injuries and ill-
nesses were not reported by the team physicians, the daily
report from team physicians could be not complete. Thus,
other tools (retrospective interview of athletes, media mon-
itoring or web-based system) should be used to improve the
accuracy of the data.!112

Injury- and illness-prevention strategies in elite track and

field athletes

Since overuse is the main cause of elite track and field inju-
ries, future studies during IAAF World Championships
should also include pre-existing (chronic) injuries and a
history of injuries in order to better determine the part

BrJ Sports Med 2012;46:505-514. doi:10.1136/bjsports-2012-091008

of newly occurred, aggravation, recurrence of previous or
chronic injuries, and also to help determine risk factors. A
periodic health examination and an appropriate methodol-
ogy for recording overuse symptoms would also help physi-
cians to determine the potential deficiency, risk factors and/
or chronic injuries or illnesses in order to introduce preven-
tion strategies before world events and before injury or ill-
ness incurred.?’ 82

Further studies should focus on the main common injuries
in order to better understand the mechanisms and risk factors
before introducing prevention measures,’” especially regard-
ing hamstring strains. 1821

In order to prevent respiratory tract infections, gastro-
enteritis and dehydration, education of athletes and their
entourage on infectious disease and dehydration prevention
strategies is necessary.’ Athletes should be advised to seek
shade and to hydrate regularly, to drink only bottled water,
to eat safe food and to employ regular hand washing with
alcohol gel. The use of plastic to cover carpeted hotel rooms,
and special indoor air cleaning systems, along with discour-
aging hand shaking and close contact with people outside the
team, including fans and the media, should also decrease ill-
ness transmission.” 1933 Screening tests on airway problems
and adapted strategies for athletes with a heavy competition
load should be offered to all athletes at risk.1?

CONCLUSION

The injury and illness surveillance system proved again to
be accepted by the team physicians and feasible in individ-
ual sport competition. However, further efforts should be
implemented in the future to improve data completeness
and quality. During elite Athletics World Championships,
135 injuries, 60 time-loss injuries and 68 illnesses per 1000
registered athletes were reported. Athletes competing in
combined events and long-distance runs have the highest
injury risk. Preventive interventions should focus on over-
use injuries, hamstring strains and adequate rehabilitation
of previous injuries, and decreasing the risk of transmission
of infectious diseases, appropriate event scheduling and heat
acclimatisation.
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What is already known on this topic

» The incidence of injuries was 97 and 135.4 per 1000
registered athletes during the 2007 and 2009 IAAF World
Championships, respectively; and the incidence of illnesses
was 68.2 per 1000 registered athletes during the 2009 IAAF
World Championships.

» Most injuries were caused by overuse.

» The most common injury was thigh strain and the most
common illness was upper respiratory tract infection.

What this study adds

» During elite track and field world Championships, incidences

are 135 injuries, 60 time-loss injuries and 68 illnesses per
1000 registered athletes.

» Most frequent diagnoses of injury and time-loss injury are

thigh strain (and especially hamstring strain), followed by
ankle sprain, trunk muscle cramps and lower leg strain.

» The most common diagnoses were upper respiratory tract

infection, gastroenteritis and dehydration.
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