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Abstract
Objectives: We aimed to determine the potential association between in-game performance parameters recorded via 
Global Positioning System (GPS) and non-contact knee and ankle injuries in elite female field hockey athletes. Methods/
Statistical Analysis: This study included 32 elite female field hockey players free from sports injuries of the knee and 
ankle joint. GPS tracking was used to record the distance covered while running at various speeds, time spent sprinting 
and maximum speed during all international competitions in which each player participated without experiencing pain. 
All injury events were recorded. Data were analyzed using descriptive statistics, the independent t-test and binary logistic 
regression. Findings: Low-intensity running distance was significantly higher in players who did not experience injury 
throughout the duration of the study (t = 2.182, p = 0.037). The risk for in-game knee injury decreased with increasing 
distance covered while running at low speed (Odds Ratio = 0.8; 95% Confidence Interval = 0.6-1.0; χ2 = 3.964; p = 0.046). 
Improvements/Applications: These findings provide information useful for developing strategies for preventing sports-
related injuries during field hockey competitions.

1. Introduction
Injuries to the lower extremities are common in female 
field hockey players, accounting for over 50% of the total 
number of injuries during a game or practice session. 
Among1 such injuries, ankle ligament sprain and internal 
derangement in the knee account for 13.7% to 15.0% and 
7.8% to 10.2%, respectively. Previous2 studies insisted that 
these higher rates of injury to the lower extremities were 
strongly related to higher running volumes. In3,4 particu-

lar, in team sports such as field hockey, rugby and soccer, 
many players are far more likely to suffer sports injury 
to lower extremities because of the specific nature of the 
motion, which include short repeated sprints, rapid accel-
eration, deceleration and changes of direction5–7.

During a match of elite team sports, a large amount 
of high-intensity running is required. Several8 studies 
reported that players of female soccer and field hockey 
cover 9-12 km and perform 19-62 sprint bouts in a game. 
These7,9,10 high-intensity activities were shown to occur 
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more often during matches than during practices sessions 
and were associated with increased risk of sports inju-
ries during the game. In9,11,12 fact, reported that, during 
matches of female field hockey, the prevalence of sports 
injuries was approximately 7.87 injuries/1000 athlete-
exposures, which was twice as high as during practice 
sessions.

It has been reported that, in female field hockey 
matches, injuries to the knee and ankle, respectively 
account for 23.1% and 9.1% of severe injuries (i.e. requir-
ing over 10 days of recovery) and that a non-contact 
mechanism underlies both types of injury. These2 severe 
injuries can impose substantial time and a significant 
financial burden on the team or the athletes and damage 
athletes impose su. Therefore12,13, to prevent sports-related 
injuries, it is essential to monitor the in-game running 
load, which can be described in terms of parameters such 
as distance covered, maximal speed or high-intensity 
running12,14.

Recently, Global Positioning System (GPS) technol-
ogy has become widely used to analyze the physiological 
demands and quantify the external load of individual ath-
letes during matches and training in intermittent running 
sports such as soccer, field hockey and rugby. A9,12,14–17 
previous study16 reported that GPS units produce accept-
able measurements of sprint distance and have good 
intra-unit reliability for total distance covered (Intraclass 
Correlation Coefficient, ICC = 0.51), low-speed running 
distance (ICC = 0.97) and high-speed running (ICC = 
0.88). Therefore, in the present study, we aimed to deter-
mine the association between in-game performance 
parameters measured via GPS and the incidence of non-
contact injury to the knee or ankle in elite athletes, in an 
effort, to provide information necessary for developing 
strategies for preventing sports-related injuries in field 
hockey athletes.

2. Methodology

2.1 Subjects 
This study included 32 elite players registered in the 
Korean national team of female field hockey. Goalkeeper 
was excluded. All players were competing in international 
competitions and were free from pain and disability of the 
knee and ankle joints at the commencement of this study. 

Each player was informed with respect to protocol of the 
study and signed a written informed consent form to par-
ticipate in the study.

2.2 GPS-Measured Parameters of In-game 
Performance
AGPS (GPSports, SPI-HPU 5 Hz (interpolated 15 Hz), 
Canberra, Australia) was used to record the speed and 
position of each player during the matches. The GPS units 
were located at the T2-T6 level of the spinal column and 
secured in place with a harness17.

The following in-game performance parameters were 
recorded and analyzed. Sprint, which was defined as run-
ning at a velocity of above 19.0 km/h was stratified into 
3 categories depending on the duration of the sprinting 
bouts: Low-duration bouts (below 6 seconds), moderate-
duration bouts (6-10 seconds) and high-duration bouts 
(above 10 seconds). Total17 distance covered, which repre-
sents an overall assessment of the player’s activity in a given 
match, was stratified into 5 movement velocity bands6,17; 
very low-intensity (below 6 km/h), low-intensity (6-12 
km/h), moderate-intensity (12-14 km/h), high-intensity 
(18-24 km/h) and very high-intensity (above 24 km/h).

For each player, data was collected during all interna-
tional competitions matches that the player participated 
in between the commencement of the study and the 
moment of the first injuries to the knee or ankle joint. 
An injury was defined as any non-contact injury associ-
ated with pain, swelling, tenderness or discomfort in the 
knee or ankle joint. If an injured player continued to par-
ticipate in the competition, the data collected during the 
matches that took place after occurrence of the first symp-
toms of knee or ankle joint injury were excluded from the 
analysis.

2.3 Statistical Analysis
Descriptive statistics were expressed as mean ± standard 
deviation and frequencies. The independent t-test was 
used for comparing the GPS-measured in-game perfor-
mance data between players who experienced injury and 
those who did not. Binary logistic regression was used to 
identify the relationship between the GPS-measured data 
and the incidence of injury to the knee or ankle joint. All 
levels of statistical significance were set at α = 0.05. All 
analyses were performed using SPSS for Windows version 
19.0 (IBM, Armonk, NY, USA).	
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3. Results and Discussions
The study included 32 elite female field hockey players (11 
defenders, 9 midfielders and 12 forwards; age, 28.16±3.14 
years; height, 164.94±4.19 cm; weight, 59.59±4.17 kg; 
experience in field hockey, 15.31±4.43 years). Each player 
participated in 3 to 20 international competitions.

3.1 GPS-measured Performance Parameters 
for Players with Injury to the Knee or Ankle
Of the 32 players included in the study, 15 (46.9%) and 14 
(43.8%) players experienced in-game injuries to the ankle 
and the knee joint, respectively, whereas the remaining 3 
(12.5%) players had no injury to either the ankle or knee 
joint. 

Table 1 provides an overview of the distance cov-
ered at various running speeds in players with different 
injury status and location. Compared to players who 
experienced injury to the ankle joint, those who did not 
experience such injury tended to cover a higher distance 
at all but one running speed (low-intensity), but this ten-
dency was not statistically significant. On the other hand, 
the opposite was found with respect to injury to the knee 
joint; specifically, players who did not experience injury to 
the knee joint covered less distance at all but one running 
speed (low-intensity) than did those who did experience 

such injury; moreover, the low-intensity running distance 
was significantly higher for players who did not experi-
ence knee injury (2032.24±335.92 m vs. 1919.82±286.42 
in players who experienced knee injury; t = 2.182, p = 
0.037).

It is important to note that, for team sports, the dis-
tance covered during the match may differ significantly 
from that covered during training session, both for the 
team and for the individual players18. In9,17 reported that 
female field hockey players may cover 6,154-6,931 m 
and 5,541 m, respectively, over the course of the match. 
Similarly19 mentioned that female field hockey players of 
National Collegiate Athletic Association Division I uni-
versities covered 6,062-6,765 m. These figures are higher 
than those noted in the present study (5,170-5,358 m) 
and the difference in distance is likely related to differ-
ences in factors such as nationality, team location, world 
ranking and age. However19,20, total distance covered may 
include activities on the bench. Therefore, relative dis-
tance, defined as distance covered per minute, may be 
a more suitable indicator of relevant player activity, to 
minimize the margin of error and provide a more accu-
rate reflection of the intensity of the match. Further18 
studies providing information on the relative distance are 
warranted, to assess the difference between teams or indi-
viduals participating in team sports.

Table 1. In-game distance covered by elite female field hockey players running at various 
speeds

Injury
(n, %)

Total 
distance 
covered

Very low-
intensity

Low-
intensity

Moderate-
intensity

High-
intensity

Very 
high-
intensity

Ankle Injured 15
(46.9)

5169.96
?00.97

1477.68
?08.76

1995.13
?55.07

569.89
?20.33

764.08
?70.09

363.48
?1.09

Non-
injured

17
(53.1)

5357.62
?95.97

1636.33
?89.21

1972.41
?86.70

588.91
?34.05

782.53
?67.63

377.42
?8.54

Knee Injured 14 
(43.8)

5282.06
?31.79

1594.42
?79.03

1919.82*
?86.42

590.47
?46.75

797.09
?77.07

380.24
?5.31

Non-
injured

18
(56.2)

5260.01
?70.80

1536.73
?55.60

2032.24
?35.92

571.85
?11.25

755.84
?60.21

363.61
?0.86

Values are mean켽tandard deviation unless otherwise specified. Distance expressed in units of 
meters.
*: p<0.05 in the independent t-test
Additional explanations: All players were injury- and pain-free at the commencement of the study. 
For each player, only data collected during the matches that took place between the commencement 
of the study and occurrence of the first injury to the knee or ankle. Non-injured refers to players 
who did not experience the respective injury over the course of the study period. Running speed was 
classified as: Very low-intensity, below 6 km/h; low-intensity, 6-12 km/h; moderate-intensity, 12-14 
km/h; high-intensity, 18-24 km/h; very high-intensity, above 24 km/h
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For team sports, the definition of velocity bands and 
movement patterns are needed to facilitate precise com-
parison and analysis of performance between players, 
teams and levels of competition18. In9 mentioned that 
female field hockey players in Australia covered 3,017-
3,618 m at 3-5 m/s in international competitions, while 
our present study showed that Korean hockey players 
covered 1,920-2,032 m while running at low speed and 
570-590 m while running at moderate speed. To facilitate 
comparison between different reports regarding female 
field sports, it is necessary to distinguish between running 
and sprinting14.

Table 2 provides an overview of the in-game sprint 
characteristics (maximum speed, sprint distance and 
number of sprint bouts with low, moderate or high dura-
tion) in players with different injury status and location. 
Compared to players who experienced injury to the ankle 
joint, those who did not experience such injury tended to 
have higher sprint distance and number of sprint bouts, 
but this tendency was not statistically significant. On the 
other hand, players who experienced injury to the knee 
joint tended to have higher sprint distance and number 
of sprint bouts (except for low-duration sprints) than did 
players who did not experience such injury, but this ten-
dency was not significant either. The maximum speed of 
players who experienced ankle joint injury was higher 
than that of players who did not experience such injury, 
while the maximum speed of players who did not experi-

ence injury to the knee was higher than that of players 
who did experience such injury.

High-intensity running and sprint bouts can be criti-
cal to match results and7 the sprint characteristics are 
related to performance levels in elite players of field sports. 
Furthermore21, the ability to sprint faster is a characteristic 
that distinguishes top-class from lower-level players14,22. 
In9 mentioned that the number of in-game sprint bouts 
was 43-58 in female field hockey players, while our pres-
ent study showed that Korean hockey players performed 
27-28 sprint bouts. In17 showed the distance covered by 
high-intensity running and sprinting was 835 m and 232 
m, respectively, while the present study reported a sprint 
distance of 356-365 m. These differences among countries 
are related to the discrepancy in the activity patterns and 
playing positions17.

3.2 Association between In-Game 
Performance Parameters Measured via GPS 
and Incidence of In-Game Non-Impact 
Injury to the Ankle or Knee Joints
Table 3 shows the results of the binary logistic regression 
analysis for risk of ankle injury, involving 12 in-game per-
formance parameters recorded via GPS. For every one 
unit increase in low-intensity distance and maximum 
speed, the risk for in-game ankle injury is expected to 
increase by approximately 1.2 times (Odds Ratio [OR], 

Table 2. In-game sprint characteristics for elite female field hockey players

Injury
(n, %)

Sprint 
distance
(meter)

Sprint 
bouts
(reps)

Low-
duration 
bouts
(reps)

Moderate-
duration 
bouts
(reps)

High-
duration 
bouts
(reps)

Maximum 
Speed
(km/h)

Ankle Injured 15
(46.9)

357.42
?2.06

27.99
?.83

24.96
?.10

2.62
?.11

0.23
?.16

27.25
?.24

Non-injured 17
(53.1)

362.04
?4.48

28.58
?.95

25.44
?.72

2.78
?.82

0.24
?.15

26.95
?.90

Knee Injured 14 
(43.8)

365.43
?9.80

28.45
?.27

25.22
?.91

2.85
?.86

0.25
?.16

26.92
?.87

Non-injured 18
(56.2)

355.56
?3.68

28.19
?.35

25.22
?.77

2.59
?.03

0.23
?.15

27.23
?.20

Values are mean켽tandard deviation unless otherwise specified. 
Additional explanations: All players were injury- and pain-free at the commencement of the study. For each player, only data 
collected during the matches that took place between the commencement of the study and occurrence of the first injury to the 
knee or ankle. Non-injured refers to players who did not experience the respective injury over the course of the study period. 
Sprint bouts were classified as: Low-duration bouts, below 6 seconds; moderate-duration bouts, 6-10 seconds; high-duration 
bouts, above 10 seconds.
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1.2; 95% Confidence Interval [CI]: 0.9-1.6) and 1.3 times 
(OR, 1.3; 95% CI: 0.7-2.6), respectively. However, with 
each additional bout of moderate- and high-duration, 
the risk for in-game ankle injury is expected to decrease 
by approximately 0.8 times (OR, 0.8; 95% CI: 0.4-1.8) 
and 0.7 times (OR, 0.7; 95% CI: 0.2-1.2), respectively. 
However, no variables were significantly associated with 
sports-related ankle injury.

Table 4 shows the results of the binary logistic regres-
sion analysis for risk of knee injury, involving 12 in-game 
performance parameters recorded via GPS. For every 
one unit increase in low-intensity distance and maxi-
mum speed, the risk for in-game knee injury is expected 
to decrease by approximately 0.8 times (OR, 0.8; 95% 
CI: 0.6-1.0) and 0.8 times (OR, 0.8; 95% CI: 0.4-1.5), 
respectively. Of the 12 performance parameters included, 
low-intensity distance was a significant risk factor (χ2 = 
3.964, p = 0.046). With each additional unit in the other 
variables, the risk for knee injury is expected to increase 
slightly, but no variable showed significant association 
with sports-related knee injury.

The most common field hockey injuries are lower 
limb sprains and contusions and it is important to prevent 
injuries by identifying the risk factors. Up23 to now, previ-
ous studies on the risk factors for sports-related injuries in 
athletes of team sports identified internal (e.g. age, gender, 
body composition and anatomy) and external risk factors 
(e.g. use of protective equipment, environment), but not 
related to activity patterns. Therefore1,23–27, the present 
study aimed to identify the risk factors for non-contact 
injuries to the ankle and knee joints for elite female field 
hockey players by analyzing the GPS-recorded activ-
ity patterns during the competitions. However, some 
researchers insisted that the distance covered and speed 
characteristics of team sports players are influenced by 
the positional differences. Furthermore18,28,29, the exces-
sive amount of training to a higher extent than the 
individual’s exercise tolerance and capability, may carry a 
significantly higher risk for soft tissue injuries. Further9,30 
GPS-based studies on the risk factors of sports injuries 
should include the playing position and the relative value 
considering the individual training loads.

Table 3. Association between in-game performance parameters measured via GPS and 
incidence of non-impact injury to the ankle joint in elite female field hockey players

Variables â SE Wald’s χ2 p-value OR 95% IC

Distance covered 0.0 0.001 0.690 0.406 1.000 0.998 1.001
Very low-intensity -0.103 0.089 1.340 0.247 0.902 0.758 1.074
Low-intensity 0.204 0.129 2.522 0.112 1.227 0.953 1.578
Moderate-intensity 0.007 0.256 0.001 0.978 1.007 0.610 1.663
High-intensity 0.040 0.159 0.064 0.800 1.041 0.763 1.421
Very high-intensity -0.053 0.293 0.032 0.857 0.949 0.534 1.685
Sprint distance -0.001 0.005 0.033 0.857 0.999 0.989 1.009
Sprint bouts -0.018 0.062 0.084 0.771 0.982 0.870 1.109
Low-duration bouts -0.018 0.068 0.067 0.795 0.983 0.860 1.122
Moderate-duration bouts -0.192 0.384 0.250 0.617 0.825 0.389 1.752
High-duration bouts -0.400 2.282 0.031 0.861 0.670 0.228 1.178
Max Speed 0.270 0.344 0.614 0.433 1.310 0.667 2.572
Abbreviations: GPS: Global Positioning System; OR, Odds Ratio; CI, Confidence Interval; SE, 
Standard Error.
Additional explanations: All players were injury- and pain-free at the commencement of the study. 
For each player, only data collected during the matches that took place between the commencement 
of the study and occurrence of the first injury to the knee or ankle. Non-injured refers to players 
who did not experience the respective injury over the course of the study period. Running speed 
was classified as: Very low-intensity, below 6 km/h; low-intensity, 6-12 km/h; moderate-intensity, 
12-14 km/h; high-intensity, 18-24 km/h; very high-intensity, above 24 km/h. Distance covered is 
given for each running speed. Sprint bouts were classified as: Low-duration bouts, below 6 seconds; 
moderate-duration bouts, 6-10 seconds; high-duration bouts, above 10 seconds.
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4. Conclusion
This study investigated the relationship between in-game 
performance parameters measured via GPS and the 
incidence of non-contact injury to the knee or ankle in 
elite female field hockey players. The results of this study 
demonstrated that in female field hockey players, only 
low-intensity running distance is significantly higher 
among players who do not experience injury and that the 
risk for in-game knee injury decreases with increasing 
distance covered while running at low speed. These find-
ings provide information useful for developing strategies 
for preventing sports-related injuries during field hockey 
competitions.
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