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Races involving paddling in a boat began several
hundred years ago and have historical tradition. FISA
was established in 1892, which makes it the oldest
sports association in the history of Olympics 1). Prior
to the Montreal Olympics in 1976, only male athletes
participated in the Olympics, but as female athletes
began participating with the emergence of Title IX,
which banned sex discrimination, the number of ath-
letes in rowing races has consistently increased. Seiler
(2004) suggested that the increase in the number of
participants encourages important health benefits,
such as decrease in cardiovascular diseases, diabetes,
and obesity that rowing provides 2). Rowing in Korea
has continuously improved since winning the gold
medal at the 2006 Asian Games in Doha, and as a
result, Korea hosted the 2013 World Rowing
Championships, which provided an opportunity for
Korea to take the next step forward as a member of

the international arena. The rowing athletes of Korea
have been participating in intense training and vari-
ous competitions to enhance performance in interna-
tional competitions. Meanwhile, McGuine (2006) sug-
gested that special technical skills and basal physical
fitness are required for all sports athletes, and that
repetitive participation in competitions and intense
training are essential factors to put out the best per-
formance. As such, because rowing athletes partici-
pate in repetitive intense training and various com-
petitions, sports injuries in various body parts occur
frequently 3). Valk and Pivalica (2004) suggested that
sports injuries are considered a very important variable
related to the athletes’ competition and training 4). 

In addition, Rumball et al. (2005) suggested that
because rowing is a highly technical sport, it is easy
to become injured when using wrong techniques 5).
Recently, the International Olympic Committee (IOC)
has been conducting various studies to prevent sports
injuries in athletes, reporting important epidemiological
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data through standardized evaluation of sports
injuries, and putting in much effort to identify the
risk factors and their causes related to sports injuries 6).
With increased importance of sports injuries, studies
related to sports injuries among rowing athletes have
been conducted 3, 7, 8) but there has not been any
extensive epidemiological investigation conducted.
There also has not been any study on sports injuries
from rowing in Korea. In fact, there was an epidemi-
ological study that investigated sports injuries that
developed among the members of the Korean nation-
al team from the 2002 Asian Games held in Busan
and 2010 Asian Games held in Guangzhou 9, 10).
However, an extensive epidemiological survey of a
single sport was not conducted because it investigated
sports injuries of various sports during specific meets.
Therefore, this epidemiological study aims to deter-
mine the incidence, areas, severity, and time of
occurrence of sports injuries in elite female rowing
athletes who were training at the Jincheon National
Training Center for a 1-year period from January 1st
to December 31st, 2017.

This epidemiological study included 8 female rowing
athletes of the national team who stayed and trained
at the Jincheon National Training Center for a 1-year
period from January 1st to December 31st, 2017. By
events, 2 single scull athletes (1 lightweight, 1 heavy-
weight), 4 athletes who played double scull (2 light-
weights, 2 heavyweights) and 2 pair athletes (2
heavyweights) were included.

Among the rowing athletes who stayed and trained
at the Jincheon National Training Center for 1 year
from January 1st December 31st, 2017, all acute and
chronic musculoskeletal symptoms and signs related
to sports activities that occurred from participating in
competitions and internal and external training were
defined as sports injuries and recorded 11). During the
study, the athletes were assessed by one of two
sports medicine doctors who completed the daily
injury report forms on site before referring the ath-
letes to the training centre clinic. For all records of
the athletes, sport and events, weight division,
injured area, and cause of injury were recorded based
on the daily injury report form of the IOC 12). If one

athlete had multiple sports injuries in various areas,
then each injury was classified as a separate sports
injury. Depending on the severity, sports injuries
were classified as Level I for 1-3 days of treatment
(mild injury), Level II for 4-7 days of treatment
(moderate injury), and Level III for 8 or more days of
treatment (severe injury) 13). In addition, the time of
occurrence was classified as during training, compe-
tition, or weight training. Injury areas were classified
as head and neck, upper extremity, trunk, and Lower
extremity in accordance with the areas used by the
IOC during the Olympics 12), and the areas were seg-
mented into neck/cervical spine, shoulder/clavicle,
upper arm, elbow, forearm, wrist, hand, thumb, fin-
ger, sternum/ribs, thoracic spine/upper back,
abdomen, lumbar spine/lower back, pelvic/sacrum/
buttock, hip, thigh, knee, lower leg, calf, achilles,
ankle, and foot/toe. 

General characteristics of all sports injuries were
analyzed by descriptive statistics. To determine the
sports injury incidence (IR) among rowing athletes,
the incidence of injury per 1000 hours and the inci-
dence of injury according to 1,000 exposures (1000
AE) were analyzed, and the Poisson Distribution was
used to obtain the Z score by assessing the statistical
significance of data when the average rate of injury
in a fixed interval of time was compared within dif-
ferent groups. In addition, the Chi-square test and
RR (relative ratio) were performed to compare the
injury location, injury level and injury type for each
sport. The statistical significance level was p <.05.
For data processing, SPSS ver 23 (IBM Corp,
Armonk, New York, USA) was used.

Rowing athletes train on average 4.8 hours per day.
They trained 260 days out of a year for 1,248 hours
and training exposure was 480 AE. There were 37
cases of sports injuries, out of which 16 were in dou-
ble scull, 12 in pair and 9 in single scull athletes.

Injury incidence per 1,000 hours in rowing athletes
was 3.71 cases. That of single scull athletes was 3.61
cases (lightweight 4.01 cases, heavyweight 3.21 cases
z=0.633, p=0.526), double scull was 3.21 cases (light
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weight 1.6 cases, heavyweight 4.81 cases z=3.581,
p=0.0003) and pairs were 4.81 cases. The 1,000 AE
injury incidence was 9.88 cases. That of single scull
was 9.62 cases (lightweight 10.68 cases, heavyweight

8.55 cases z=1.03, p=0.301), double scull was 8.55
cases (lightweight 4.27 cases, heavyweight 12.82
cases z=5.85, p<0.000) and pairs were 12.82 cases
(pair VS double scull z=2.070, p=0.038). 
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Table 1. Areas of sports injuries
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The sports injuries in rowing athletes were most
common in the order of lower extremity (40.5%),
trunk (35.1%) and upper extremity (24.3%) and there
were no injuries of the head and neck. For all rowing
athletes. The knee, lumbar spine/lower back were the
most common injury sites. Details regarding the areas
of sports injuries are as shown in (Table 1). More than
60% of all sports injuries were level III, followed by
Level II (27%) and level I (10.8%). Upon comparing
sports injury incidence (IR) of Level III and Level II
injuries, Level III injury incidence was 2.3 times
greater with RR=2.30, 95%CI= 1.28–4.13(p=0.005),
while Level III injury incidence was 5.75 times greater
with RR=5.75, 95% CI=2.20–15.00(p=0.001) when
comparing Level III and Level I sports injury inci-
dence (IR). There were no statistically significant dif-
ferences in other comparisons. The details on the
severity of sports injuries are as shown in ( Table 2).

More than half of all sports injuries occurred during
training (59.5%), followed by weight training (24.3%)
and competition (16.2%). Upon comparing the sports
injury incidence (IR) between training and weight
training injuries, training injury incidence was 2.44
times greater with RR=2.44, 95%CI=1.30–4.58
(p=0.0047), while training injury incidence was 3.67
times greater with RR=3.67, 95%CI=1.69–7.99
(p=0.0003) when comparing training injury and
competition injury incidence (IR). The details on the
time of occurrence of sports injuries are as shown in
(Table 3).

Prior studies on sports injuries of Korean national
team’s rowing athletes were focused on injuries dur-
ing a specific competition period 9, 10). Although direct
comparison of the results is difficult due to the dif-
ference in study design, the results of 1,000 AE injury
incidence and the high incidence during training were
similar 10). In addition, our study showed significant
differences in injury incidence by events and weight
division. This is believed to be due to the differences
in the training method, duration of the competition,
and techniques used in each sport variation 14).

The area with the highest injury incidence in this
study was the knee. Karlson (2000) explained that
Iliotibial band syndrome can develop because of the
pressure at the knee while rowing and that anatomi-
cally, female athletes are prone to knee joint prob-
lems 7). Furthermore, the inappropriate angle and
placement of the foot were pointed out as the cause
of knee injuries. The next most common injury
occurred in the lumbar spine/lower back. Tritz et al.
(2003) explained that lumbar spine/lower back
injuries are likely to recur within a week.15 With
time, rowing athletes could develop lumbar
spine/lower back injuries that are generally related to
the development of muscle asymmetry 16, 17).
Meanwhile, EunKuk Kim (2005) suggested that lum-
bar spine/lower back injuries, caused by various dis-
eases combined, have the highest incidence among
elite athletes 18). Koutedakis et al. (1997) found the
correlation between the maximum torque ratio of the
knee in rowing athletes and lumbar spine/lower back 

Areas and severity of sports injuries

Time of occurrence of sports injuries

Incidence of sports injuries

DISCUSSION

Severity of injuries
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RR (95% CI)

-

level I ref. 2.30(1.28 to 4.13)

level I ref. 5.75(2.20 to 15.00)

Table 2. Severity of sports injuries

Competition

Weight training

Training

Time of occurrence No (%)

6(16.2)

9(24.3)

22(59.5)

RR (95% CI)

-

Competition ref. 2.44(1.30 to 4.58)

Competition ref. 3.67(1.69 to 7.99)

Table 3. The time of occurrence of sports injuries
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injuries. They reported that after 6-8 months of par-
ticipating in a hamstring strengthening program,
lumbar spine/lower back injuries decreased in female
rowing athletes 19). Shoulder injuries also accounted
for more than 10% of the injuries. According to pre-
vious studies, athletes can often develop pain in the
glenohumeral head due to the combination of a tight
posterior shoulder capsule, tight latissimus dorsi and
weakened rotator cuff muscles 20).

In this study, it was identified that sports injuries
occurred mostly in the lower extremities, followed by
the trunk, upper extremities, and head and neck.
However, overseas studies reported that trunk
injuries were most common, followed by lower
extremity, upper extremity, and head and neck 21, 22).
This may be due to the differences in techniques
used, and physical ratio and strength 23). Further,
defining the severity of sports injuries is difficult 24).
Currently, most studies use the definition of sports
injuries as time lost but can vary from the partial
time lost from competition or training to all time lost
from competition or training 11). Such use of a simple
definition of time lost can cause serious error. First,
an injury that occurred on a Friday night can be
resolved by resting over the weekend and adjusting
practice time on the following Monday 24). Second, an
athlete can choose to not participate in practice based
on one’s subjective decision on the severity of the
injury 24). A previous study noted that most wrestling
injuries were not serious; however, no specific defini-
tions for severe and very severe categories were pro-
vided 5). In our study, the time of occurrence of sports
injury significantly influenced injury severity.
However, our findings could not be compared with
previous observations, as other studies lacked infor-
mation concerning injury severity and time of occur-
rence of sports injury.

In the present study, the time of occurrence of
sports injury was investigated, which was not con-
ducted in previous studies. Most sports injuries
occurred during training (about 60%). This may be
because longer time is spent during training than
competition and weight training. In addition, there
was a significant difference between the time of
occurrence and severity of sports injuries. Most
severe injuries (Level III) occurred during training.
Wolman et al. (1990) stated that rowing athletes can

develop various severe musculoskeletal injuries due to
the nature of particular and repetitive training.
Moreover, because rowing requires high technical
skills, severe injuries can be caused by repeating
wrong techniques 25). However, fatal or permanent
injuries are very rare 8) and such severe sports injuries
can be controlled by appropriate coaching 26). McNally
et al. (2005) also suggested that heavy load caused by
a strong catch can be reduced by a light catch and
fast and steady acceleration 8).

The present study included female rowing athletes
of the national team throughout 1 year of the official
training season but research on the recurrence of the
injuries was not conducted at the same time.
However, the risk of sports injuries and the types of
sports were assessed together to conduct a valid
study on the occurrence of sports injuries. In addi-
tion, because the frequency and characteristics of
sports injuries vary with each event of rowing sport
and weight division, this study could be helpful to
prevent sports injuries by determining the areas
where sports injuries often occur for each event.
Upon comparing the incidence of sports injuries,
there was a significant difference of weight in double
scull athletes. In terms of sport variation, there was a
significant difference between pair and double scull
athletes. The most common area of sports injuries
was lower extremity (40.5), followed by trunk (35.1%)
and upper extremity (24.3%), of which knee and
lumbar spine/lower back injuries were most common.
More than 60% of all injuries were Level III, and the
time of occurrence of sports injuries was in the order
of injuries during training, weight training and com-
petition.

CONCLUSION

Time of occurrence of sports injuries

Areas and severity of sports injuries
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