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Abstract: We aimed to describe injury incidence and patterns at the 2019 World Taekwondo Cham-
pionships (WTC), and to compare them with those of previous WTCs, based on new World
Taekwondo (WT) competition rules, medical codes, and the Protector and Scoring System (PSS).
This prospective cohort study utilized data obtained through the WT Injury Surveillance System.
All athletes with injuries were evaluated by on-site sports medicine specialists, and ultrasonogra-
phy was used to assess all musculoskeletal injuries. Of 936 athletes, 60 injuries were recorded (6.4
injuries/ 100 athletes, 95% confidence intervals [CI]: 4.8-8.0), and 4.5% (n =42) sustained at least one
injury. Males had a higher risk of sustaining injuries than females (incidence rate ratio: 1.57; 95% CI:
0.89-2.76). The most common sites, type, and mechanism were lower extremities (n = 26, 43.33%),
contusion/hematoma/bruises (n =33, 55.0%), and contact with another athlete (n =50, 83.33%). Over-
all, the injury patterns associated with the mechanism of injury were similar in both the 2019 and
2017 WTCs. Refined WT competition rules and re-established PSS at 2019 WTC reduced the overall
and severe injury incidence. Our findings can help revise Taekwondo competition rules, enhance
protective equipment, optimize on-site venue medical systems, and develop injury prevention pro-
jects.

Keywords: epidemiology; injury prevention; Taekwondo injury; incidence; combat sports

1. Introduction

Taekwondo Sparring is an official combat sport in the Olympics [1]. Of the numerous
international Taekwondo competitions hosted every year, the quadrennial Summer
Olympic Games hosted by the International Olympic Committee (IOC) and the biannual
World Taekwondo Championships (WTC) hosted by World Taekwondo (WT) are re-
garded as two of the largest international Taekwondo events [2,3]. Taekwondo has shown
a high injury incidence rate due to the nature of martial art-based full-contact sports.
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Taekwondo was reported to have the highest injury rate in London in 2012 [4], the second
highest in Beijing in 2008 [5], and the fourth highest in Rio in 2016 [6], urging the IOC and
WT to address the safety concerns of Taekwondo. In addition, it was revealed that the
injury rates at the 1999 Edmonton WTC and the 2017 Muju WTC were 19.5% =ad 13.5%,
respectively. Since the 2016 Rio Olympic Games (Rio 2016), the WT has = troduced
amended competition rules and a precise protector and scoring system (PSS) [8]. These
changes were also applied at Muju 2017 WTC [9] and Manchester 2019 WTC promoted by
WT [10].

The IOC conducts sports epidemiology studies at international sporting events, in-
cluding the Olympics, to analyze risk factors and mechanism of injuries and illnesses for
health promotion and injury and illness prevention among athletes [11]. IOC Medical
Commission initiated IOC Injury Surveillance System (ISS) at the 2004 Athens Olympics,
which was improved to be applied to individual and team sports at the 2008 Beijing Olym-
pics [5] and further improved at the 2010 Vancouver Olympics to be able to collect both
injury and illness data from the 2012 London Olympics [4], 2014 Sochi [12], 2016 Rio [13],
2018 Pyeongchang [14], and 2020 Tokyo Olympics [15]. Therefore, the WT signed a Mem-
orandum of Understanding (MoU) with the IOC Research Center KOREA (representative
institution: Yonsei Institute of Sports Science and Exercise Medicine, YISSEM) in 2017 to
comply with the IOC’s policy, and from the 2017 Muju WTC, WT has applied ISS to major
competitions hosted by the WT, organized a committee to prevent injuries and improve
performance of players, and have research and education system in place [16].

Despite many efforts, injury surveillance reports and other epidemiologic studies
conducted by Olympics and international institutions have some systemic barriers, in-
cluding poor understanding and compliance with the injury monitoring system of venue
medical staff, team doctors, coaches, etc., to collect injury data, inaccurate injury reports
relying on self-reporting of athletes in the field of play, unreported athlete-exposures dur-
ing the competition, and inconsistent medical codes for each spg+'+3,17] However, there
is a lack of professional and systematic education on the system ¢ = proach to addressing
these systemic problems. [3] Therefore, the WT developed a new medical code in 2017 to
address these problems and applied it to the 2017 Muju WTC and 2019 Manchester WTC.
The new medical code includes a web-based Injury Surveillance System (ISS), utilization
of on-site ultrasound, and medical staff education.

In this study, we aimed to analyze the incidence and patterns that occurred during
the 2019 Manchester WTC based on the new WT competition rules and medical codes in
comparison to previous WTCs. In addition, the ISS applied in this study is paramount to
developing an injury prevention program based on evidence from bis data that will con-
tribute to the future development of WT competition rules, improv ~.''SS, and enhance
venue medical services suitable for Taekwondo competitions. At the 2019 WTC, PSS was
used that included an electronic headgear and chest protector for full automation of the
scoring system, which was the same as that used in the 2017 WTC [3].

2. Methods

We conducted a prospective cohort study using our modified ISS, which is more suit-
able for Taekwondo than the IOC injury and illness surveillance system?, which was im-
plemented during the 2019 WTC held for 5 days from May 15 to 19, 2019 in Manchester,
United Kingdom [10]. To proceed with the same injury surveillance process as at the 2017
WTC, we held a full-day workshop prior to the competition to train team doctors and
team trainers from all participating countries and organizing committee venue medical
staff to accurately use the online injury and illness surveillance systems and the onsite
portable ultrasound for more accurate onsite diagnosis and injury surveillance. We ob-
tained approval from the WT and Yonsei University Institutional Review Board, which
declared that it was ethical to collect WT athletes’ injury and illness data for this study
(IRB no. 7001988-201708-HR-245-04). In addition, we received approval from the Mokwon
University Institutional Review Board for collecting the injury profiles of Taekwondo
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athletes and conducting ongoing research. (IRB no. 2022-002). Moreover, we declare that 100
the study design, methodology, structure, and flow of the manuscript, and tables and il- 101
lustrations of this article were written in a way similar to our previous study (HS Jeonget 102
al, 2017 WTC) for easier comparison by readers [3]. 103

2.1. Participants 104

All Taekwondo athletes who participated in the 2019 WTC were enrolled in this 105
study. A total of 936 athletes from 145 countries and one refugee team participated in the 106
2019 WTC. Of the 960 scheduled games, the remaining 53 matches did not happen either 107
because the athletes either failed the weigh-in procedure or withdrew from the competi- 108
tion. 109

2.2. Data collection and implementation 110

We collected data using the following methods. 1) All the national team physicians, 111
athletic trainers, and venue medical staff were request i ‘o report the occurrence of new 112
injuries daily either by using a paper form or an online database system (iociss.com, pre- 113
viously known as wtfiss.com, accessed on_2022). 2} .'*’= collected injury data from venue 114
medical staff of the Organizing Committee supei<>d by WT medical officers at the 115
venue medical center and/or from specialists at tertiary hospitals designated by the Or- 116
ganizing Committee of 2019 Manchester WTC who treated athletes with any acute injury 117
or illness. 3) In a total of seven Taekwondo courts, we assigned six medical staff to each 118
court (one sports medicine specialist (MD), one athletic trainer (AT), one registered nurse 119
(RN), and three paramedics) to closely monitor matches and record the mechanism of 120
injury and injured area for the Taekwondo-related injury profiles. 4) We used two porta- 121
ble ultrasound machines (Mindray M7 ver. 2015, Mahwah, NJ, USA) with a light-fre- 122
quency linear transducer (L14-6s) and convex transducer (C5-2s) in the venue medical 123
center for thorough evaluation and more accurate point-of-care diagnosis of any muscu- 124
loskeletal injury. 5) We recorded any injury data on-site in the venue and from the medical 125
staff at a designated hospital to which the injured or ill athletes were directly transferred 126
emergently during the match. The medical staff signed the medical information release 127
form for all injured athletes. 6) After the competition, we corrected or updated injury data 128
recorded on-site in the venue by retrospective video review of each match in which the 129
injury occurred. The Taekwondo sparring competition in WTC com )11 ed three rounds 130
of 2 min each with a 1-min break [10]. 131

2.3. Injury report form 132

A paper and an online database form similar to those used in Rio 2016 and 2017 Muju 133
WTC were used for the injury report [3,18]. Each injury was regarded as new (pre-existing, 134
not fully rehabilitated conditions were not recorded) or recurring (athletes who had re- 135
turned to full participation after recovery from a previous condition) musculoskeletal 136
problems, concussions, or other medical conditions that occurred during the competi- 137
tion/training at 2019 WTC, that necessitated medical attention regardless of the reason 138
[13]. In cases of multiple injury types, only the most severe diagnosis was chosen per in- 139
jury for analysis [13,18]. Injury severity was defined as the time lost from training/compe- 140
tition of <1, 1-3, 4-7 days, or >7 days [3,18,19 141

2.4. Statistical analyses 142

All statistical analyses were conducted using SPSS version 24.0 (IBM Corp., Armonk, 143
New York, USA) and Microsoft Excel (Microsoft Corp., Redmond, WA, USA). Two-tailed 144
p values of < 0.05 were considered statistically significant. Taekwondo-related injury var- 145
iables were assessed using univariate analyses and descriptive statistics. The injury inci- 146
dence rate (IR) was measured using the overall competition and/or training, with clinical 147
incidence as injuries per 100 athletes during WTC 2019 [3,6]. The number of injuries was 148
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calculated per 1000 athlete-days, in which athlete-days represented the total number of 149
athletes multiplied by 5 days. IR of competition was expressed as the number of injuries 150
per 1000 athlete exposures (AEs; 1 exposure is one athlete participating in one match) and 151
per 1000 min exposures (MEs; 1 min of exposure is one athlete participating in a match 152
for 1 min) [20, 21]. We calculated the total game minutes using only the actual fight time 153
[20]. We also measured the average injury risk for one athlete per 1000 AEs using the fol- 154

lowing formula [20, 21]: 155
IR/1000AEs = Total number of injuries / (number of athletes x number of total game 156
matches) x 1000. 157
The average injury risk for one athlete per 1000 MEs was calculated using the follow- 158
ing formula [20, 21]: 159
IR/1000MEs = Total number of injuries / (number of athletes x number of total game 160
minutes) x 1000 161

The incidence rate ratio (IRR) and 95% confidence intervals (CI) were calculated to 162
measure the strength of the associations between male and female athletes using a Poisson 163
model, assuming a constant hazard per sex [21]. 164

3. Results 165

A total of 936 athletes participated in the 2019 Manchester WTC (Table 1). Of these 166
athletes, 544 were male (58.10%) and 392 were female (41.89%), with an average age of 167
22.0 years (22.50 and 21.40 years, respectively). Throughout the 5 days of the 2019 WTC, 168
907 MEs (male: 533, female: 374) and 3932 MEs occurred (male: 2127, female: 1805). The 169
weight divisions in which the highest number of athletes participated were the <68 kg 170
(n=86) division for male athletes and the <57 kg (n=63) division for female athletes. 171

Table 1. Injury rates at the 2019 World Taekwondo Championships in Manchester, United King- 172

dom. 173
Variables Male athletes Female athletes Total
Participating athletes, No. 544 392 936
Athlete-days, No. 2720 1960 4680
Athlete-exposures, No. 1066 748 1814
Minute-exposures, min 4254 3610 7864
Injuries in competition, No. 41 19 60

Injury incidence (95% CI)
Clinical incidence/100 ath-

lotes 7.54 (5.23,9.84) 4.85(2.67,7.03) 6.41 (4.79, 8.03)
Rate/1,000 athlete-days 15.07 (10.46, 19.69) 9.69 (5.33, 14.05) 12'1862 éz')s&
Rate/1,000 AEs 38.46 (26.69, 50.23)  25.40 (13.98, 36.82) 33'381 grz54)'71’
Rate/1,000 MEs 9.64 (6.69, 12.59) 5.26 (2.90, 7.63) 7.63 (5.70, 9.56)
Inc1denc;r]§;e ratio/1,000 157 (0.89, 2.76) 1 NA
Note: AEs, athlete exposure; MEs, minute exposure; 95%CI, 95% confidence interval; NA, not ap- 174
plicable. 175

Table 1 is presented in a similar format to the table from 2017 WTC MUJU, HS 176
Jeong|[3] for easier comparison by readers. 177

3.1. Overall Incidence of injury 178

A total of 60 injuries were recorded, with an overall clinical incidence of 6.41 injuries 179
per 100 athletes (95% CI: 4.79-8.03), which corresponds to 12.82 injuries per 1000 athletes- 180
days (95% CI: 9.58-16.06); 4.50% (n=42) of all athletes who participated in the 2019 WTC 181
experienced at least one injury. Among all athletes with injuries, 22 (36.67%) with 182
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suspected serious injuries were transferred to designated hospitals for further evaluation 183
and management after a primary assessment in the venue medical center. 184

During the competition, we observed 4680 athlete-days, 1814 athlete-exposures 185
(AEs), and 7864 minute-exposures (MEs). Injuries per 1000 AEs was 33.08 (95% CI: 24.71- 186
41.45) presenting significantly higher rates in male athletes (38.46/1000 AEs) than in fe- 187
male athletes (25.40/1000 AEs). The total injuries per 1000 MEs to game minutes were 7.63 188
(95% CI: 5.70-9.56), and higher rates were observed in male athletes (9.64/1000 MEs) than 189
in female athletes (5.26/1000 MEs); male athletes were at a higher risk of experiencing in- 190
juries during competition than female athletes (IRR 1.57; 95% CI: 0.89-2.76) (Table 1). 191

Overall, athletes tended to sustain injuries during rounds 2 and 3 of a three-round 192
match (n=19, 31.70%). In particular, for male athletes, a high number of injuries (n=14, 193
34.10%) were sustained during a sudden death match (extended round after tied resultin 194
the 3rd round). Furthermore, for male athletes, the weight division with the highest num- 195
ber of injuries was the <68 kg division (n =9, 21.95%), but the highest injury rate per 1000 19
AEs was in the >87 kg division (70.0/1000 AEs). For female athletes, the weight division 197
with the highest number of injuries was the <49 kg division (n =6, 31.57%), but the highest =~ 198
injury rate per 1000 AEs was in the <46 kg division (55.60/1000 AEs). 199

3.2. Site and cause of injury based on diagnosis 200

The lower extremities (n = 26, 43.33%) were the most commonly injured areas, with 201
the thigh and knee (n = 6, 10.0% of total injuries) being the most frequently injured fol- 202
lowed by the groin (n =5, 8.33%). In the head and trunk (n = 23, 38.33%), the face was the 203
most frequently injured site (n = 15, 25.0%), followed by the head and ribs (n =3, 5.0%). 204
Additionally, in the upper extremities (n = 11, 18.33%), the hand was the most frequently 205
injured site (n =7, 11.67%) (Table 2). 206

Contusion/hematoma/bruises were the most common type of injury (n =33, 55.0%), 207
followed by ligament rupture/sprain (n =7, 11.67%) and fracture (n =6, 10.0%) (Table 2). 208
The face was the most common site of contusion/hematoma/bruise, and this occurred pri- 209
marily by contact with the opponent during offensive/defensive moves. The most com- 210
mon sites of ligament rupture/sprain were the knee and ankle, and these occurred primar- 211
ily due to non-contact reasons. The hand was the most common fracture site. Of the three 212
concussions, one was classified as mild. Fortunately, the two other athletes who were 213
transported to the hospital did not experience time loss from the competition (Table 2). 214

Table 2. Diagnosis by Injury Site at the 2019 World Taekwondo Championships in Manchester, =~ 215

United Kingdom. 216
. . Males  Injury Site Females Injury Site Injury Site
Diagnosis o/ o Total) (No.) (% of Total)  (No.) Total (No.)
Face (11),
Face (11), groin (4),
groin (4), thigh (3),
thigh (3), Neck (2), ribs (3),
Contusion/ IO“E;; leg l:;t;i((zl))’ E;;E g%’
het:r;laltit;)erna/ 25 (61.0) hip (1R), 8 (42.11) ankle (1), 33 (55.0) lower leg (2),
knee (1), foot/toe (1), knee (2),
ribs (1), hand (1) hip (1R),
hand (1), finger (1),
finger (1) ankle (1),
foot/toe (1)
Ligamentous Knee (2NC), Ankle (2NC), Knee (3NC),
rupture/ 3(7.32) 4 (21.05)  knee (INC), 7(11.67) ankle (3NC),
. ankle (INC) . .
sprain wrist (1) wrist (1)
Hand (4), Hand (5),
Fracture 5(12.20) face (1) 1(5.26) Hand (1C) 6 (10.0) face (1)
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Concussion 3 (732) eadbrain NA 3(5.0) [Headbrain
3 3)
i i Shoulder
Dislocation/ Shoulder (INC,
subluxation | (244 Face(l)  2(1053) IR) 3(5.0) (1356, (111§)’

Muscle-tendon

rupture/ Thigh (1, 1R), Thigh (1, 1R),
strain/ 0 NA 3 (15.79) hip (1) 3(5.0) hip (1)
tendinosis
Lesion of
meniscus 0 NA 1(5.26) Knee (1R) 1 (1.67) Knee (1R)
Laceration/
abrasion/ 1(2.44) Face (1) 0 NA 1(1.67) Face (1)
skin lesion
Muscle cramps/ . .
spasm 1(2.44) Thigh (1) 0 NA 1 (1.67)  Thigh (1)
Face (1), Face (1),
Other 2 (4.88) groin (1) 0 NA 2(3.33) groin (1)
Total 41 (100.0) NA 19 (100.0) NA 60 (100.0) NA
* Note: NA, not applicable; NC, non-contact; R, recurrent previous injury. The mechanism of in- 217
jury for an injury site that only contains the number (no.) is contact injury. This is presented in a 218
similar format to the table from 2017 WTC MUJU [3], for easier comparison by the readers. 219
3.3. Severity of injury 220

Of all the injuries, 8.33% (n = 5) were estimated to result in no time loss from compe- 221
tition or training. It was estimated that 55.0% (n = 33) of the injuries would result in an 222
absence from competition or training for 1-3 days; in 21.67% (n = 13) of injuries, time loss 223
was for 4-7 days; time loss of >7 days was seen in 15.0% (n = 9) of cases. Additionally, 224
36.67% (n = 22) of the injuries were classified as severe, with an estimated time loss of >4 225
days from competition or training. These injuries comprised seven ligament rup- 226
tures/sprains, six fractures, three concussions, three dislocation/subluxations, and three 227
muscle and tendon rupture/strain/tendinosis. 228

3.4. Mechanism of injury 229

We observed that the most common mechanism of injury was contact with another 230
athlete (total n = 50, 83.33%), followed by non-contact (total n =6, 10.0%), which included 231
injuries from footwork during offensive/defensive moves and avoiding kicking/punching 232
with another athlete. This was followed by recurrence of previous injury corresponding 233
to overuse (total n = 4, 6.67%) (Figure 1). Interestingly, the injury pattern related to the 234
mechanism of injury was similar in both the 2019 and 2017 WTCs. That is, male athletes 235
were more prone to contact injuries from their opponents, whereas females were prone to 236
non-contact injuries. 237
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Figure 1. Injury Mechanisms at the 2017 and 2019 World Taekwondo Championships.

4. Discussion

We aimed to analyze injuries that occurred at the Manchester 2019 WTC, in which
newly amended WT competition rules and medical codes were applied, and compare the
injury profile in the 2019 WTC with that of previous WTCs to generate more scientific
evidence for developing Taekwondo competition rules, improving the venue medical sys-
tem, and designing an injury prevention program. In this prospective study, we would
like to discuss the results of our prospective epidemiologic study that overcame the limi-
tations of previous studies that were mainly attributable to on-site medical staff’s poor
understanding of and non-compliance with ISS, unclear recording of injury diagnosis and
medical code, and overlooking exposure time. Our study revealed the following: 1) 60
injuries occurred in 936 Taekwondo athletes during the Manchester 2019 WTC; 2) the most
common site of injury was the lower extremities (n=26, 43.33%); 3) the most common in-
jury types were contusions, hematomas, and bruises (n=33; 55.0%); 4) most injuries re-
sulted in time loss from training or competition of 1-3 days; 5) most injuries were caused
by contact with opponents (n=50, 83.33%); and 6) the overall injury incidence rate was
lower than those observed in previous Olympic games or WTC, but injuries caused by
contact with the opponent were actually higher.

4.1. Injuries in WIC

We noted that 6.41% of all athletes sustained musculoskeletal injuries during the 2019
WTC (33.08/1000 AEs), with higher rates in male athletes (n=41, 38.46/1000 AEs) than in
female athletes (n=19, 25.40/1000 AEs). Male athletes were at a higher risk of injury during
the competition than did female athletes (IRR 1.57; 95% CI: 0.89, 2.76).

The incidence rate at Manchester 2019 was lower than that in previous reports that
were held before the introduction of the new PSS: 34 of 126 athletes at the Beijing 2008
Summer Olympic Games (27/100 clinical incidence) [5], 50 of 128 athletes at the London
2012 Summer Olympic Games (39/100 clinical incidence) [4], and 30 of 127 athletes at the
Rio 2016 Olympic Summer Games sustained injuries (24/100 clinical incidence) [6]. At
Muju 2017 WTC, in which Taekwondo was the only sport discipline, 131 of 971 athletes
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experienced injuries (13.5%) [3]. In the 2008, 2012, and 2016 Olympics, the PSS did not 268
include an electronic headgear for automated scoring systems. However, since the 2017 269
WTC, PSS has consisted of an electronic head protector and chest protector to fully auto- 270
mate the scoring system that enables Taekwondo athletes to deliver kicks to their oppo- 271
nents’ head at much lower force than they previously had to do, to score points by head 272
kick [22,23]. Thus, we believe that injury rates in recent international Taekwondo compe- 273
titions have been reported to be lower because athletes have prioritized strategies to make 274
light contact with their opponents’ headgear and chest protector rather than using strong 275
kicks to score points. Furthermore, we presume that the injury rate at the 2019 WTC was 276
the lowest compared with those of previous international competitions because athletes 277
from many countries had enough time (up to 2 years) to prepare for competitions with 278
new strategies to prioritize light contact for scoring since the new PSS system was applied 279
in 2017. 280

4.2. Location and cause of injury based on diagnosis in WTC 281

The most frequently injured area in the 2019 WTC was the lower extremity (n=26, 282
43.33%). It was reported that the lower extremity was one of the major areas of injury at 283
previous Taekwondo competitions due to the characteristic of Taekwondo, in which a 284
point is obtained by kicking the opponent [24,25]. In Taekwondo, various styles of kicks 285
can be used, such as front kick, turning round kick, roundhouse kick, side kick, and jump- 286
ing back kick, which generates a strong force with peak linear velocities of 5.20-26.30 m/s 287
within as short as 0.25-0.90 s [26,27]. Thus, a strong impact is delivered to the attacking 288
athlete’s lower extremities as well as the defending athlete’s head and body. We recom- 289
mend that it is necessary to improve the ability of protective equipment to absorb impact 290
[29], as the injury incidence rate of the lower extremity, especially for male athletes, who 291
generally have stronger joint forces, was 158.2/1000 AEs [28]. 292

At the 2019 WTC, the most common type of injury caused by the mechanism of con- 293
tact between athletes was contusion/hematoma/bruises (n=33, 55.0%). Among the 33 inju- 294
ries, the face was the most common injury site (39.39%, n=11), followed by the neck (n=2). 295
Many injuries have been reported to occur above the chest protector area, such as the 29
head, face, and neck, in previous Taekwondo competitions [20,24]. In particular, many 297
severe injuries, such as concussion caused by a powerful impact from the kick of the op- 298
ponent, have been observed [20,24,30]. However, we noticed a change in the injury profile 299
since 2017 in the Muju WTC, where a newly improved PSS system was adopted [3]. In 300
2017, Muju WTC, contusion/hematoma/bruises were the most frequently occurring inju- 301
ries (n=44, 33.6% of all injuries). The injury profiles of the 2017 and 2019 WTCs were sim- 302
ilar as a result of the competition strategy of athletes to gain scores by making slight con- 303
tact with the headgear sensor with their feet, rather than kicking, which can transfer pow- 304
erful impact [22]. Apart from factors, such as the fun and performance of Taekwondo 305
competitions, the improvement of competition rules, protective equipment, and PSS im- 306
plemented by the World Taekwondo can be evaluated as quite positive in terms of reduc- 307
ing injury incidence and concussions [22,30]. 308

4.3. Injury severity in WI'C 309

Of all the injuries, 55.0% (n=33) were estimated to result in the absence from compe- 310
tition or training for 1-3 days; 21.67% (n=13), for 4-7 days; 15.0% (n=9), for >7 days; and 311
8.33% (n=5), did not experience time loss. Of all the injuries requiring >4 days of time loss, 312
36.67% (n = 22) were classified as severe. Severe injuries included ligament rup- 313
tures/sprains (n=7), fractures (n=6), concussions (n=3), dislocations/subluxation (n=3), and 314
muscle and tendon ruptures/strains/tendinosis (n=3), from which athletes were not able 315
to recover well enough to resume competitions despite onsite treatment. At the 2017 WTC, 316
65.6% of cases were estimated to cause time loss from competitions/training for 1-3 days; 317
17.6%, for 4-7 days; and 30.5%, for >7 days. Injury incidence from these two WTCs hasa 318
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higher level of severity compared with other Olympic sports [13]. However, we noted that 319
the incidence rate of severe injuries has declined only for Taekwondo. According to the 320
injury profile of elite Korean Taekwondo athletes in 2016, 7.1% of all injuries accounted 321
for an absence from competitions/training for 1-3 days; 14.3%, for an absence for 4-7 days; 322
and 64.3%, for >7 days [31]. We assume that the overall IR and rate of severe injuries have 323
reduced because many athletes have changed their style of play to score and win using 324
more accurate attacks rather than powerful kicks. Consequently, we believe that the 325
newly revised competition rules, protective equipment, and development of the medical 326
system have contributed to the reduction in serious injuries in international Taekwondo 327
competitions. 328

4.4. Injury mechanisms and causes at WTC 329

At the Manchester 2019 WTC, the most common mechanism of injury observed dur- 330
ing competitions was contact with another athlete (male athletes: 90.20%, female athletes: 331
68.40%), which was remarkably higher than non-contact injuries (male athletes: 7.30%; 332
female athletes: 15.80%) and overuse injuries (male athletes: 2.40%, female athletes: 333
15.80%). Compared to the mechanisms of injury at the 2017 WTC, injuries due to contact 334
with other athletes increased in both male and female athletes. In particular, male athletes 335
sustained injuries mainly by contact with opponents, which is probably a result of differ- 336
ences in the power of kicks or punches generated according to sex and weight class. Fur- 337
thermore, male athletes” weight classes were higher than those of female athletes, and 338
more male athletes belonged to heavier categories, which means male athletes are more 339
prone to injuries by contact. In Taekwondo, a combat sport, most injuries still occur during 340
offensive and defensive moves. Therefore, to prevent contact-type injuries, the amount of ~ 341
impact that protective equipment absorbs and the actual impact generated by kicks and 342
punches must be measured and compared to develop more shock-absorbent protective 343
equipment [29,32]. Appropriate blocking techniques and avoidance skills must be empha- 344
sized by athletes and coaches as preventive strategies during Taekwondo technical train- 345
ing. In addition, although non-contact injuries are less frequent than contact injuries, we 346
still need to pay attention to non-contact mechanisms, especially for female athletes, who 347
show a higher incidence of non-contact injuries. In future research, it will be necessary to 348
investigate whether a Taekwondo training program with neuromuscular and propriocep- 349
tive training can reduce non-contact injuries in international competitions. 350

4.5. Study strengths and limitations 351

In our study, we analyzed the injury incidence rate, area, cause, and mechanism of 352
injuries at the 2019 WTC, in which new competition rules and medical systems were ap- 353
plied. We believe that we can collect data more efficiently and accurately at larger-scale 354
international Taekwondo competitions if athletes, coaches, physicians, registered nurses, 355
and athletic trainers utilize our injury surveillance system (ISS) that was used in this study 356
and also a fast and convenient medical informatics system as the data from these can be 357
the basis for the development of injury prevention projects. However, this study has sev- 358
eral limitations. Taekwondo players with pre-existing injuries are highly likely to partici- 359
pate in international competitions before they have fully recovered because they have to 360
continue high-intensity drills and practice sparring sessions before the competition. Thus, 361
it is difficult to determine whether the injury data collected in our study were from injuries 362
that actually occurred during the competition. 363

5. Conclusion 364

Our study showed that the newly established WT competition rules and PSS at the 365
2019 WTC decreased the musculoskeletal injury incidence rate and number of severe in- 366
juries compared to those of previous competitions. However, the incidence rate of injuries 367
caused by contact during an opponent’s attack is still very high. In addition, male 368
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Taekwondo players are more prone to injuries than are female players. Based on the re-
sults of this study, we strongly recommend refining Taekwondo competition rules, im-
proving on-site venue medical systems, and developing strategic plans and safety
measures for injury preventio

Author Contributions: Conceptualization, H.S.J.,, D.H.J., and S.Y.L.; methodology, H.S.J., D.M.O,
MJ.K, LL, and S.Y.L,; formal analysis, H.S.]., D.H.]., D.M.O, H.G ], and S.Y.L.; investigation, H.S.].,
D.H]J, HJ, M]J.K, LL, and S.Y.L.; writing —original draft preparation, H.S.]. and D.H.].; writing—
review and editing, H.G.J. and S.Y.L.; supervision, H.S.J]., D.H.J., and S.Y.L.; project administration,
H.SJ., D.H]J., and S.Y.L. All authors have read and agreed to the published version of the manu-
script.

Funding: This work was supported by the Yonsei University Research Grant (2021).

Institutional Review Board Statement: The study design was approved by the Yonsei University
Institutional Review Board (IRB No. 7001988-201708-HR-245-04) and the Mokwon University Insti-
tutional Review Board (IRB No. 2022-002) for continuous study.

Informed Consent Statement:
Data Availability Statement:

Acknowledgments: This study was conducted in cooperation with the World Taekwondo Anti-
Doping and Medical Committee, which is part of the WT Sports Department and IOC Research
Centre Korea (Yonsei Institute of Sports Science and Exercise Medicine; YISSEM), to prevent injury
and protect athletes. The authors acknowledge all athletes who participated in this study at WTC
2019. The authors deeply appreciate the cooperation of all team physicians, as well as the YISSEM
and Manchester Taeckwondo Committee medical staff, who volunteered their time to collect the data
for this project. The authors would like to thank the World Taekwondo for their practical support.
This study complied with the current laws of the country in which it was performed. This work was
partially supported by the 2n year research from the Ministry of Education of the Republic of Korea
and the National Research Foundation of Korea (NRF-202151A5A8067795).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  World Taekwondo. World taekwondo event calendar. Available online: http://www.worldtaekwondo.org/calendar/cld_in-
dex.html (accessed on 23 november 2022).

2. Bromley, S.J.; Drew, M.K; Talpey, S.; McIntosh, A.S.; Finch, C.F. A systematic review of prospective epidemiological research
into injury and illness in Olympic combat sport. Br. J. Sports Med. 2018, 52, 8-16.

3. Jeong, H.S.; O'Sullivan, D.M.; Jeong, D.H.; Lee, S.Y. Sports injury and illness after implementation of the web-based surveillance
system in world taekwondo. J. Athl. Train. 2021, 56, 1232-1238

4.  Engebretsen, L.; Soligard, T.; Steffen, K.; Alonso, ].M.; Aubry, M.; Budgett, R.; Dvorak, J.; Jegathesan, M.; Meeuwisse, W.H.;
Mountjoy, M. et al. Sports injuries and illnesses during the London Summer Olympic Games 2012. Br. ]. Sports Med. 2013, 47,
407-414.

5. Junge, A.; Engebretsen, L.; Mountjoy, M.L.; Alonso, ].M.; Renstréom, P.A.; Aubry, M.].; Dvorak, J. Sports injuries during the
Summer Olympic Games 2008. Am. ]. Sports Med. 2009, 37, 2165-2172.

6. Guermazi, A,; Hayashi, D.; Jarraya, M.; Crema, M.D.; Bahr, R.; Roemer, F.W.; Grangeiro, ].; Budgett, R.G.; Soligard, T,;
Domingues, R. Sports injuries at the Rio de Janeiro 2016 Summer Olympics: Use of diagnostic imaging services. Radiology 2018,
287,922-932.

7. Koh, J.O.; de Freitas, T.; Watkinson, E.J. Injuries at the 14th World Taekwondo Championships in 1999. Int. J. Appl. Sports Sci.
2001, 13, 33-48.

8.  World Taekwondo. Taekwondo competition rules altered to make sport ‘dazzle and excite’ changes adopted at wtf general
assembly in canada. Wt news. Available online: http://m.worldtaeckwondo.org/wtnews/view.html?nid=20627 (accessed on 22
november 2022). 2016.

9.  World Taekwondo. 2017 world taekwondo championships outline. Available online: http://www.worldtaekwondo.org/compe-
tition/list.html?mcd=c07&sc=in (accessed on 23 november 2022). 2017.

10. World Taekwondo. 2019 world taekwondo championships outline. Available online: http://www.worldtaekwondo.org/compe-
tition/view.html?nid=7000001&mcd=c08 (accessed on 23 november 2022). 2019.

11. Junge, A.; Engebretsen, L.; Alonso, ].M.; Renstrom, P.; Mountjoy, M.; Aubry, M.; Dvorak, J. Injury surveillance in multi-sport

events: The International Olympic Committee approach. Br. ]. Sports Med. 2008, 42, 413-421.

369
370
371
372

373
374
375
376
377
378

379

380
381
382

383

384

385
386
387
388
389
390
391
392
393
394

395

396

397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421


MDPI
Sticky Note
Does this conclusion correspond to only elite competitions or that of amateur levels also? Is it feasible to expect amateur levels be able to have appropriate venue medical staff and surveillance systems in place? Text should reflect this factor.



Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 11 of 11

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Soligard, T.; Steffen, K.; Palmer-Green, D.; Aubry, M.; Grant, M.-E.; Meeuwisse, W.; Mountjoy, M.; Budgett, R.; Engebretsen, L.
Sports injuries and illnesses in the Sochi 2014 Olympic Winter Games. Br. ]. Sports Med. 2015, 49, 441-447.

Soligard, T.; Steffen, K.; Palmer, D.; Alonso, ].M.; Bahr, R.; Lopes, A.D.; Dvorak, J.; Grant, M.E.; Meeuwisse, W.; Mountjoy, M.
et al. Sports injury and illness incidence in the Rio de Janeiro 2016 Olympic Summer Games: A prospective study of 11274
athletes from 207 countries. Br. |. Sports Med. 2017, 51, 1265-1271.

Soligard, T.; Palmer, D.; Steffen, K.; Lopes, A.D.; Grant, M.E.; Kim, D.; Lee, S.Y.; Salmina, N.; Toresdahl, B.G.; Chang, ].Y. et al.
Sports injury and illness incidence in the Pyeongchang 2018 Olympic Winter Games: A prospective study of 2914 athletes from
92 countries. Br. |. Sports Med. 2019, 53, 1085-1092.

Soligard, T., Palmer, D., Steffen, K., Lopes, A. D., Grek, N., Onishi, K., Shimakawa, T.; Grant M.E.; Mountjoy M.; Budgett, R. et
al. New sports, COVID-19 and the heat: Sports injuries and illnesses in the Tokyo 2020 Summer Olympics. Br. |. Sports Med.
2022, 0, 1-9.

World Taekwondo. Wtf reinforces commitment to athlete safety with yissem mou. Available online:
http://www.worldtaekwondo.org/wtnews/view.html?nid=27931&sc=ne&w=yissem (accessed on 29 november 2022). 2017.
Lystad, R.P.; Alevras, A.; Rudy, I; Soligard, T.; Engebretsen, L. Injury incidence, severity and profile in olympic combat sports:
A comparative analysis of 7712 athlete exposures from three consecutive Olympic Games. Br. J. Sports Med. 2021, 55, 1077-1083.
Committee, 1.O. Rio 2016 Olympic Summer Games injury and illness surveillance study. [pdf] availlable online:
https://bjsm.bmj.com/content/bjsports/51/17/1265/dc2/embed/inline-supplementary-material-2.pdf?download=true (accessed
on 30 november 2022). 2016.

Dick, R.; Agel, J.; Marshall, S.}W. National collegiate athletic association injury surveillance system commentaries: Introduction
and methods. J. Athl. Train. 2007, 42, 173-182.

Thomas, R.E.; Thomas, B.C.; Vaska, M.M. Injuries in taekwando: Systematic review. Phys. Sportsmed. 2017, 45, 372-390.
Knowles, S.B.; Marshall, S.W.; Guskiewicz, K.M. Issues in estimating risks and rates in sports injury research. J. Athl. Train. 2006,
41, 207-215.

Ha, S.; Kim, M.]; Jeong, H.S,; Lee, I; Lee, S.Y. Mechanisms of sports concussion in taekwondo: A systematic video analysis of
seven cases. Int. |. Environ. Health Res. 2022, 19, 10312.

World  Taekwondo. = World  taekwondo  competition  rules and  interpretation. = Available  online:
http://www.worldtaekwondo.org/wp-content/uploads/2018/06/revision-wt-competition-rules-interpretation-hammamet-
040520181.pdf (accessed on 1 january 2019).

Pieter, W.; Fife, G.P.; O'Sullivan, D.M. Competition injuries in taekwondo: A literature review and suggestions for prevention
and surveillance. Br. |. Sports Med. 2012, 46, 485-491.

Jeong, H.S,; Ha, S.; Jeong, D.H.; O’Sullivan, D.M.; Lee, S.Y. Injury and illness in world taekwondo junior athletes: An epidemi-
ological study. Int. . Environ. Health Res. 2021, 18, 2134.

Mailapalli, D.R.; Benton, J.; Woodward, T.W. Biomechanics of the tackwondo axe kick: A review. J. Hum. Sport Exerc. 2015, 10,
141-149.

Fife, G.P.; O'Sullivan D, M.; Lee, S.Y. Rotational and linear head accelerations from taekwondo kicks and punches. J. Sports Sci.
2017, 36, 1461-1464.

O'Sullivan, D.M.; Fife, G.P. Biomechanical head impact characteristics during sparring practice sessions in high school
taekwondo athletes. |. Neurosurg. Pediatrics 2017, 19, 662-667.

Jeong, H.S.; O’Sullivan, D.M.; Lee, S.-C.; Lee, S.Y. Safety evaluation of protective equipment for the forearm, shin, hand and
foot in taekwondo. ]. Sports Sci. Med. 2019, 18, 376-383.

Jae-Ok, K.; Voaklander, D. Effects of competition rule changes on the incidence of head kicks and possible concussions in
taekwondo. Clin. J. Sport. Med. 2016, 26, 239-244.

Son, B.; Cho, Y.J.; Jeong, H.S.; Lee, S.Y. Injuries in Korean elite taekwondo athletes: A prospective study. Int. |. Environ. Health
Res. 2020, 17, 5143.

Jeong, H.S.; Lee, S.Y.; Noh, H.J.; O’Sullivan, D.M.; Lee, Y.R. Investigating the influence of taekwondo body protectors size on
shock absorption. Technol. Health. Care. 2021, 29, 667-675.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of

MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

471





