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ABSTRACT

Objective The increasing incidence of sports injury
among athletes calls for systemic surveillance of injuries
and illnesses in this field to develop preventive measures.
The patterns of injuries and ilinesses that occurred among
Korean athletes during the 2018 Asian Games held in
Indonesia were studied.

Methods We recorded the occurrence of all injuries and
ilinesses reported to the chief medical officer, coordinated
with the help of an instant social messaging application in
real time.

Results A total of 782 elite athletes participated in 46
sporting events. A total of 141 (18.03%) injuries were
recorded, with 121 (15.47%) athletes suffering at least
one injury. Out of 141 injuries 80 (56.74%) were in male
athletes and 61 (43.26%) were in female athletes. The
highest number of injuries was seen among sport climbing
athletes (n=10, 71.43%), followed by sepak takraw. A
total of 16 (11.35%) injuries were expected to prevent
athletes from participation in competition/training. Most
of the injuries occurred during training (46.10%), with
lower lumbar spine being the most common part injured.
A total of 209 (26.72%) illnesses were reported, with at
least one illness in 170 (21.73%) athletes. The incidence
among female athletes (26.90%) was comparable with
that of male athletes (26.90%). Maximum illness rate was
reported in table tennis (100%). The most common system
involved was gastrointestinal (n=93, 44.49%), followed by
respiratory (n=53, 25.36%). Environmental factors were
causative in 111 athletes (53.11%) and infection in 79
(37.79%). llinesses resulted in loss of at least 1day among
30 (14.35%) athletes.

Conclusion Overall 15.47% of athletes suffered at least
one injury and 21.73% suffered at least one illness; the
incidence of injury and illness varied depending on the
type of sports.

INTRODUCTION

Participation in sporting activities isimportant
for all age groups to maintain health and for
many other reasons, such as pleasure, sociali-
sation and competition. Regular involvement
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» Injury and illness patterns among the Korean ath-
letes who participated in the Asian Games were
studied by a single physician using electronic media
in real time and thus uniformity in reporting can be
expected.

» We recorded an overall injury rate of 18 per 100
athletes, with male athletes at slightly higher risk of
getting injured than female athletes.

» The rate of injury was higher compared with previ-
ous Olympics reports.

» Our statistics may reveal the actual risk of injury
to athletes since it is based on a single-physician
report.

» Training injuries were more common, implying the
necessity of strict enforcement of adequate train-
ing rather than very little or too aggressive training
sessions.

» Injury rates among sepak takraw and sport climbing
athletes were very high, and it may be noted that
these injury-prone games are included only in Asian
Games; thus, we may suggest alterations in the
game floor and use of more protective equipment.

» Regarding illnesses, the overall rate of illness was
higher compared with earlier Olympics reports.

» Gastrointestinal problems were more frequent in
contrast to other reports where respiratory issues
were more common; in our report, respiratory issues
stood next to gastrointestinal issues.

in physical activity is well known to reduce
the risk of coronary heart disease, hyperten-
sion, obesity and diabetes mellitus. However,
sports injuries and illnesses among athletes
have also led to temporary or permanent
morbidity.! * Standardised monitoring and
evaluation of sports injury has been devel-
oped to provide not only epidemiological
information on how injury occurs but also
knowledge for its preventive measures. van
Mechelen et al described these measures
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as the ‘sequence of prevention’.”” The first step in the
sequence of prevention is identification of the extent of
injury, second the factors causing this injury, and third
the measures to be taken to prevent injury. FIFA started
injury surveillance in 1998,” which was then followed by
other major events.”” The Korean Olympic Committee,
formed in 1946, became a member of the IOC in 1947
and made their first appearance in London Olympic
Games in 1948."

The injury surveillance system developed by Junge
et al'’ convened by IOC was first successfully applied
to multisport event during the 2008 Olympic Games,"
which later was extended to include injury as well as
illness during the 2010 Vancouver Olympics'® and the
subsequent Olympics.'*'°

Although injury among athletes has been a main area
of concern, the effects of illnesses cannot be overlooked.
There is conclusive evidence that athletes in training are
more susceptible to viral illnesses when compared with
the normal population.'” lllnesses not only affect athletes’
performance, but a transmittable illness could also affect
sports competitors, trainers and even the audience.'® '
Moreover, the desire of athletes to train through illness to
minimise lay-off time conflicts with the need to minimise
stress during acute illness."”

Various studies have reported injury and illness
patterns in Korean athletes over time.**> Most of these
studies were performed over a long period of training
in different sports. The aim of the present study is to
study the injury and illness patterns among elite Korean
athletes who participated in the 2018 Asian Games held
in Jakarta and Palembang, Indonesia.

METHODS

Study design and implementation

We employed the IOC surveillance system to record
injuries and illnesses sustained by South Korean athletes
during the 2018 Asian Games in this prospective
cohort study. Three weeks prior to the games, the study
objectives were explained to South Korean team phys-
iotherapists, trainers and team coaches. All injuries and
illnesses which occurred during training or competition
were reported to the chief medical officer (CMO) in real
time using a South Korean free instant messaging client
called ‘Kakao Talk’ and the reported athletes were exam-
ined and treated by the CMO.

Injuries and illnesses were recorded in a standardised
injury and illness form adopted from IOC.” Anonymity
and confidentiality were assured to all participants.
Athletes’ accreditation number was used to eliminate
duplicate entries.

Definition of injury and illness

An injury is defined as any musculoskeletal complaint,
concussion or other medical conditions newly incurred
due to competition and/or training that received
medical attention regardless of the consequences with
respect to absence from competition and/or training."’

This excluded pre-existing and not fully rehabilitated
injuries, but included all injuries that required medical
attention and fully rehabilitated injuries that occurred
during training and games.

An illness is defined as any physical complaint (not
related to injury) newly incurred during games that
received medical attention regardless of the conse-
quences with respect to absence from competition and/
or training."' This excluded pre-existing and chronic
illnesses, but included all illnesses that required medical
attention and acute exacerbations of chronic illness.

Data analysis

Injury and illness incidence rates were calculated using
the formula I=n/e, where n is the total number of injury
and illness and e is the total number of exposed athletes.
The 95% CI for each rate was based on the Poisson
distributed variable. The incidence of injury and illness
was expressed per 100 athletes. Comparisons of categor-
ical variables were done using x” test or Fisher’s exact
test for small numbers. Incidence rates between the two
groups were presented as rate ratio (RR). We considered
p<0.05 as significant. All data were evaluated using Micro-
soft Excel and SPSS V.14.0.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting or dissemination plans
of this research.

RESULTS
A total of 782 Korean athletes took part in the 2018 Asian
Games held in Jakarta and Palembang in Indonesia from
18 August 2018 to 2 September 2018 (16 days), of whom
440 (56.26%) were male and 342 (43.73%) were female
athletes.

Incidence and distribution of injury

We observed a total of 141 injuries, giving an injury rate
of 18.03 per 100 athletes, out of which 121 (15.47%)
suffered at least one injury, 18 (2.30%) suffered two inju-
ries each and one athlete suffered triple injury. Out of 141
injuries 80 (56.74%) were in male and 61 (43.26%) were
in female athletes. The risk of an athlete being injured
was highest in sepak takraw (n=17, 62.96%), followed
by sport climbing (n=8, 57.14%). The risk of injury was
high in basketball, bowling, fencing, field hockey, hand-
ball, jet ski, jujitsu, kabaddi, roller sports, rowing, squash,
triathlon, weightlifting and wushu (20%-50% of regis-
tered athletes were affected in each sport). No injuries
were reported in archery, badminton, diving, equestrian,
golf, gymnastics, karate, kurash, modern pentathlon,
paragliding and water polo (table 1 and figure 1).

Statistics

The rate of injury in male (18.18 per 100 athletes, 95% CI
11.44 to 28.45) and female (17.84 per 100 athletes,
95% CI 10.67 to 27.22) athletes was similar. There was no
statistical difference between the two groups (RR=1.01,
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Injury and lliness - Incidence
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Figure 1 Graphical representation of the incidence of

injuries and illnesses in different sport events.

50.00% 75.00% 100.00%

p=0.901). However, male athletes were at significantly
increased risk of injury in field hockey (p=0.003), sport
climbing (p=0.005) and weightlifting (p=0.007), whereas
female athletes were at higher risk of injury in wrestling
(p=0.025).

Severity

Majority (125, 88.65%) of the athletes returned to their
sports with no time loss, while 14 (9.93%) athletes lost
less than 7 days and 2 female (1.42%) athletes had to
return to their home country before their event. Both
the two female athletes who returned earlier suffered
ligament rupture, knee in one and ankle in the other,
due to non-contact trauma.

Circumstances

Most of the injuries (65 of 141, 46.10%) occurred during
the time of training, followed by 28 (19.86%) injuries
during the time of competition. Only one (0.71%) injury
occurred during warm-up.

Contact with stagnant object

Overuse (gradual)
28

Contact with moving object

Contact with another athlete
4.2%

Recurrence of previous injury

Overuse (sudden)

Non-contact trauma

Figure 2 Cause of injury.

Location, cause and diagnosis of injury

Lower lumbar spine was injured in 25 (16.67%) cases,
followed by knee in 23 cases (15.33%) and ankle in 16
cases (10.67%). The abdomen, upper arm and hip were
not injured.

The more frequently observed cause was overuse
(sudden onset) in 57 cases (40.42%), followed by non-
contact trauma in 25 cases (17.70%) (figure 2). The least
reported causes were violation of rules (obstruction,
pushing), field of play conditions, weather conditions
and equipment failure, with no cases in each.

The most common diagnosis of muscle strain/rupture/
tear was made in 42 cases (28.77%), followed by ligament
sprain in 30 cases (20.55%) (figure 3). Tendon rupture,
joint dislocation, joint subluxation, arthritis, synovitis,
bursitis, dental injury, neurological injury, spinal injury
and others were not found to be causative in our series.

Incidence and distribution of iliness

Among a total of 782 athletes, 209 (26.72%) illnesses
were reported; at least one illness was reported in 170
(21.73%) athletes and double illness in 39 (4.98%)
athletes. Out of 209 illnesses 117 (26.59%) were in male
and 92 (26.90%) were in female athletes. The maximum
incidence of illness was reported in table tennis (100%),
followed by rowing (94.44%). The risk of illness was also
high in archery, baseball, basketball, canoeing, eques-
trian, fencing, field hockey, handball, tennis, sailing,
shooting, squash and swimming (30%—-60% of registered
athletes in each sport) (table 1). No illness was reported
in artistic swimming, diving, golf, jet ski, jugitsu, kurash,
modern pentathlon, paragliding, softball and water polo.
The maximum number of illnesses was reported on the
fourth day of event (n=22, 10.52%).

Statistics

The rate of illness among female athletes (26.90 per 100
female athletes, 95% CI 17.79 to 38.10) was comparable
with the rate of illness in male athletes (26.59 per 100
male athletes, 95% CI 17.79 to 38.09). There was no
statistical difference between the two groups (RR=0.98,
p=0.923). Female athletes in football were at significantly
higher risk of falling ill (p=0.001).

Lhee S-H, et al. BMJ Open Sp Ex Med 2021;7:6000689. doi:10.1136/bmjsem-2019-000689 5



Muscle cramps or spasm

6.9%

Laceration / abrasion / skin lesion
7.6% — Z
Impingement

0.7%

Fasciitis / aponeurosis injury
0.7%

Tendinosis / tendinopathy
11.1%

Contusion / haematoma / bruise
9.0%

Figure 3 Diagnoses.

Affected system, symptom and cause of iliness

The most common system involved was gastrointestinal
(n=93, 44.49%), followed by respiratory (n=53, 25.36%).
Out of 93 athletes complaining of gastrointestinal prob-
lems, 37 (39.78%) were male and 56 (60.21%) were
female athletes; 83 of them reported gastrointestinal
problems associated with diarrhoea/vomiting, 16 athletes
had gastrointestinal problems associated with fever, and
42 athletes had associated pain in the abdomen (table 2).
When gastrointestinal problem was plotted against
the day of arrival, it was found that 32.25% of athletes
complained of gastrointestinal problems on the fourth
and fifth day of their arrival at the venue (figure 4).
Change of environment was attributed to be the cause
of gastrointestinal problem in 67 athletes (72.04%) and
infection in 24 (25.80%).

Table 2 Distribution of presenting symptoms and causes
of illness in two most affected systems (respiratory and
gastrointestinal)

Affected system Respiratory Gastrointestinal  Total
Sex
Male 23 37 60
Female 30 56 86
Total 53 93 146
Main symptom
Fever 15 16 31
Pain 46 42 88
Diarrhoea, vomiting 0 83 83
Dyspnoea, cough 13 0 13
Other 0 2 2
Total 74 143 217
Cause of illness
Infection 50 24 74
Exercise-induced 0 1 1
Environmental 2 67 69
Other 1 1 2
Total 53 93 146

Fracture (traumatic)

Stress fracture (overuse)
1.4%

Ligamentous rupture
2.1%

Ligament sprain

20.8%

Meniscus or cartilage injury
6.2%

Muscle strain / rupture / tear

29.2%

The second most common system involved was respira-
tory (n=53, 25.36%). Among 53 athletes with respiratory
symptoms, 46, 15 and 13 presented with throat pain, fever
and dyspnoea, respectively. Infection was attributed to be
the cause in 50 (94.33%) athletes. The maximum incidence
of respiratory illness (16.98%) was reported on the fifth day
of event, whereas the maximum incidence of total illness
was reported on the fourth day of event. Other systems
involved were gynaecological in 4, cardio vascular system in
1, allergic/immunological in 5, neurological in 8, dermato-
logical in 25 and musculoskeletal in 12.

Of all illnesses, pain was the most common symptom
(n=113, 54.06%). Environmental factors were causative
in 111 athletes (53.11%) and infection in 79 (37.79%).
Illnesses resulted in loss of at least 1day among 30
(14.35%) athletes.

DISCUSSION

Injury patterns during the 2018 Asian Games

A total of 141 athletes were injured out of 782 athletes,
giving an incidence of 18.03 athletes per 100 registered
athletes. This incidence is higher when compared with
the incidence in previous Olympic Games, Beijing 2008
(9.61%)," Vancouver 2010 (11.18%),"” London 2012
(12.88%),"* Sochi 2014 (14%)"® and Rio 2016 (9.80%),"
but lower compared with the Malaysian team in the 2014

20

NUMBER OF GI. ILLNESS

0 1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16

DAY OF ARRIVAL

Figure 4 Distribution of gastrointestinal (Gl) illness with
respect to the nth day of their arrival at the venue.

6 Lhee S-H, et al. BMJ Open Sp Ex Med 2021;7:¢000689. doi:10.1136/bmjsem-2019-000689



Asian Games (30%).*° Earlier reports from the Olympic
Games relied on voluntary reporting of injuries and
illnesses by the athletes and submission by the medical
officers of each country, which might not have uniformity
and can have some bias based on individual perceptions
of severity. This study is based on a single-physician
(CMO) report. Each injury and illness was brought to
notice irrespective of severity. Only the CMO decided
whether the injury/illness must be reported or not.

In our study the rate of injury was higher in sepak
takraw (62.96%) and sport climbing (57.14%). The
higher incidence may be due to smaller study popula-
tion when compared with previous Olympic reports. The
higher rate of injury in our study can also be explained
by our finding of higher rates of injury in sport climbing
and sepak takraw; these injury-prone games are restricted
to Asian Games only and are not included in the Olym-
pics. Since the very nature of sepak takraw® * and
sport climbing®™* is injury-prone, we therefore suggest
better padded floorings and protective equipment for
these games. With more than half of the players getting
injured, we may suggest omission of such sports from
Asian Games owing to the expenditure involved in taking
care of them. However, such drastic conclusions cannot
be made from few studies?” > involving smaller groups of
athletes and hence larger studies are required.

Severity

Out of the total injuries, majority (n=125, 88.65%) of the
encounters did not result in any loss of days. The percent-
ages of injuries which did not result in loss of days from
sports were, respectively, 50.40%, 65%, 61% and 60%
in Summer Olympics 2008, London Olympics 2012,
Sochi 2014 Winter Olympics'> and Rio De Janeiro 2016
Olympics.'® Injury data from the Malaysian team in Asian
Games reveal a closer injury severity with no time loss
injuries of 68.70%.%

The higher incidence and more injuries with no time loss
in our study population could be due to increased aware-
ness among athletes to report even minor incidents and due
to the cultural nature of perseverance to continue sports
despite minor ailments. This also explains better rapport
and compliance between athletes and medical personnel,
more comprehensive and accurate reporting, and minimal
or zero loss of injury coverage and data, which are vital
in order not to miss any injury that can further harm the
athletes and may prevent them from participating in sports.

Since the number of athletes injured with no loss of days is
very high in our report, we therefore compared the athletes
with severe injuries with the total number of athletes who
participated rather than the number of athletes injured. In
our study 2 out of 782 (0.26 per 100 or 2.6 per 1000) athletes
had to return early due to severe injuries (one female
athlete had ligament rupture in the knee and the other had
ligament rupture in the ankle). We compared these data
with athletes whose injuries cost them more than 28 days’
time loss (considering them as severe injuries) to the total
number of athletes who participated in the previous studies.

Agreeably, this was, respectively, 3.70, 6.50, 14.02 and 10.20
per 1000 registered athletes in Summer Olympics 2008,'
London Olympics 2012,'"* Sochi 2014 Winter Olympics'”
and Rio 2016 Olympics."®

Circumstances
More injuries occurred during training (46.10%). This
is almost closer to the injury circumstances (ie, during
training) of the Malaysian team in 2014 Asian Games
(57%)*° and Sochi 2014 Winter Olympics (63%),"
whereas the majority of the injuries (72.60%) occurred
during competition in Summer Olympics 2008,"* 55%
during competition in London Olympics 2012'* and 59%
during competition in Rio 2016 Olympics.'® We are not
sure of this gross variation in injury circumstances.
There is adequate evidence in the literature that both
undertraining and overtraining can lead to increased
injuries to the athletes.” ** However adequate hard
training actually improves physique, which protects from
injuries.”® We also firmly believe that injuries during
training can be reduced to a greater extent by balancing
the intensity of training to appropriate levels™ just before
the events and not to be overenthusiastic.

Location, type and cause of injuries
Lower lumbar spine was injured in 25 (16.67%) cases,
followed by knee in 23 (15.33%) cases and ankle in 16
(10.67%) cases. The most frequently observed type was
muscle injuries, which occurred in 42 (28.77%) cases,
followed by sprains in 30 (20.55%) cases. In Rio 2016
Olympics'® ligament injuries (16.98%) and muscle inju-
ries (15.26%) were frequent, in agreement with our study.
The more frequently observed cause was overuse
(sudden onset) in 57 (40.40%) cases, followed by non-
contact trauma in 25 (17.70%) cases and contact with
another athlete in 20 (14.20%) cases. Overuse was caus-
ative in 25% in London 2012, 14% in Sochi 2014,"> 19%
among the Malaysian team in Asian Games® and 19%
in Rio 2016."° Non-contact trauma was causative in 20%
in London 2012," 13% in Sochi 2014" and 21% in Rio
2016.'° Thus overuse and non-contact trauma were more
frequently causative in other reports as well.

lliness risk during the 2018 Asian Games
The overall rate of illness in our report was higher (26.72%)
when compared with previous reports, that is, in London
2012 (7%),"* Vancouver 2010 (7%),"” Sochi 2014 (8%)"
and Rio 2016 (5%)."° Higher illness incidence was reported
by the Malaysian athletic team (28.2%)* during the 2014
Asian Games, the Korean Olympic team in Rio (35.8%)%
and during the 2009 International Association of Athletics
Federations World Athletics Championship (68.2%).” Like
previous reports illness was slightly more common among
female athletes as compared with male athletes (26.90 vs
26.59 per 100 athletes).

Gastrointestinal was the most common system involved
(44.49%) in contrast to previous events which reported
respiratory as the most common system involved. Out of
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93 athletes with gastrointestinal problems, 83 presented
with diarrhoea or vomiting. Runner’s diarrhoea™ (runners
trots) is a well-known complaint in athletes. Stuempfle et
al in their study reported gastrointestinal distress in as
high as 96% of endurance athletes. Although the exact
mechanism is unknown, proposed theories are shunting
of blood from the gut to the musculoskeletal system during
exercise leading to disruption of the gastric barrier and diar-
rhoea,” increased jostling of abdominal contents during
exercise causing altered transit time in small and large
bowels," ** decreased adaptability to changes in the envi-
ronment, increased training stress, temperature changes
during and after training, increased crowd in athletic village,
and change in food types and water in a different country.
Almostall cases of diarrhoea and vomiting responded to oral
fluids and antimotility agents; 16 of them presented with
fever and 42 with abdominal pain requiring medication, but
none lasted for more than 48-72hours.

Respiratory complaints were presentin 25.36% of athletes,
which was lower compared with 62.8% in Vancouver, 64% in
Sochi, 47% in Rio, 51% in Malaysian athletes in the 2014
Asian Games and 75.9% in Korean Olympics team in Rio
Olympics. Respiratory illness has always been on the higher
side among athletes participating in multisport events.**’
This increased incidence of respiratory illness has been
attributed to increased inhalation of airborne pollutants and
irritants during increased ventilatory exercises, dehydration
of airway, immunosuppression following stress and perfor-
mance pressure.”’ Studies have anticipated that athletes
travelling intercountry or intercontinental are at higher risk
of contracting an illness.”’

Treatment and prevention

Adequate oral fluids and antimotility agents such as loper-
amide relieve diarrhoea, and for athletes complaining
of abdominal pain or haematochezia all non-steroidal
anti-inflammatory drugs should be stopped and supple-
mented with H2 blockers.*' %

For prevention all athletes should be evaluated
with adequate history of irritable bowel disease or any
gastrointestinal-related conditions; although prewarming
increases the performance of athletes, excessive body heat
can cause decreased performance.” de Oliveira et al** in their
study recommended fluid intake with multiple transport-
able carbohydrates such as glucose and fructose rather than
hydration with only glucose. Another nutritional preventive
measure proposed by Lis et al’* is to avoid fermentable oligo-
saccharides, disaccharides, monosaccharides and polyols
(FODMAPs). FODMAPs increase water and fermentable
substrate within the colon.”

Strengths and limitations

The strength of this study is the comprehensive and
100% reporting of injuries and illnesses. Since the data
collection and reporting was through a single physician,
there was no bias in reporting of severity of injury and
illness and even the trivial ones were notified to the
CMO. Formation and use of social media-based group

for communication was a new approach to this type of
study which helped to prevent loss of data.

The smaller study population was a limitation of this study,
which led to higher incidence of injuries and illnesses as
compared with previous Olympic Games. Another limita-
tion was that we did not report risk of injury and illness
as a measure of time exposed owing to the fact that large
numbers of participants had variable exposed days; thus, our
method assumes that all participants were equally exposed
to length and frequency of risks.

Time loss for injured athletes who had to return home
early was based on how long he or she could not participate
in training or competition. A follow-up of these athletes on
how long it takes for them to recover and the percentage
of recovery achieved could improve the validity of the data.
Another suggestion is video analysis of all injuries for better
understanding of the mechanism of injuries.

CONCLUSION

The incidence of injuries and illnesses among South
Korean athletes in the 2018 Asian Games was 18.03 and
27.28 per 100 athletes, respectively. The rate of injuries
and illnesses was affected by specific types of sports and
gender. Most of the injuries and illnesses were minor,
with no loss of participation. The highest number of inju-
ries was recorded in sport climbing and sepak takraw,
while the highest number of illnesses was reported in
table tennis and rowing.
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