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Background: Identifying factors that contribute to the occurrence of injury is an important step in designing training programs to
minimize the risk of injury. However, despite high injury rates, variables contributing to injury in field hockey players remain relatively
unexplored.

Purpose: To identify factors that may predict injury in professional and youth field hockey players.

Study Design: Cohort study; Level of evidence, 2.

Method: Professional and youth hockey players completed preseason neuromuscular performance testing and were monitored
for injuries, training, and game exposure throughout the subsequent 12-month indoor and outdoor hockey season. Least absolute
shrinkage and selection operator analysis was conducted to identify injury risk factors. Receiver operating characteristic curves
were then calculated to determine the individual predictive accuracy of the identified variables.

Results: A total of 83 players (mean ± SD age, 20.7 ± 4.9 years; 34.9% female) with complete performance, injury, and exposure
data were included for data analysis. Almost half of players (44.6%) sustained a time-loss injury during the season, and 73% of
these injuries occurred in the lower limb. Playing more games and having an older age, asymmetrical and poor dynamic postural
control, and better explosive performance were identified as jointly influencing the risk of injury. When considered individually,
number of games played throughout the season was the most accurate predictor of injury risk (area under the curve [AUC] ¼ 0.74;
P < .001), while asymmetrical and poor dynamic postural control (AUCs ¼ 0.61-0.65; P ¼ .01-.04) and better explosive athletic
performance (AUCs ¼ 0.65-0.67; P < .01) were identified as moderate individual predictors of sustaining a general or lower limb
injury.

Conclusion: A number of modifiable factors were individually and jointly associated with an increased injury risk in field hockey
players, providing initial evidence for the design of targeted and sport-specific training programs to mitigate the risk of injury.

Keywords: field hockey; injury prediction; risk factors; exposure; neuromuscular performance

Field hockey is a globally prominent sport that is played in
125 countries and has been featured in 23 Olympic Games.
Field hockey players are at a high risk of injury that is
comparable with the risk observed in other popular team
and Olympic sports.25,26,48 A recent study of the German
national hockey leagues reported an incidence of 3.7 time-
loss injuries per 1000 exposure hours (9.7 game-related
injuries per 1000 exposure hours) over a 12-month outdoor
and indoor hockey season.25 During periods of increased
game congestion, such as in-season tournaments, the

reported injury incidence intensifies to between 20.8 and
90.9 injuries per 1000 game hours.52

Although field hockey players uniquely experience a rel-
atively high rate of hand and finger injuries,25 injuries
occur most frequently in the lower limb.9,25,40,41 According
to Dick et al9 and Hollander et al,25 the most frequently
reported injury type in male and female players during a
hockey season is thigh muscle strains, especially of the
hamstrings. However, the review of Murtaugh41 included
more than a dozen studies on injuries during tournaments
and playing seasons in junior and elite hockey players and
observed that ankle sprains occurred with the highest
prevalence.

To address the substantial health, economic, and perfor-
mance burdens related to injuries,5,10,22 considerable
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research has recently been devoted to the prevention of
injury in team sports. While there is increasing evidence
showing the beneficial effect of preventive measures, such
as targeted neuromuscular training49 and well-developed
physical capacities,17,35,36,42 the success of such interven-
tions is likely enhanced by the reliable identification of fac-
tors that are associated with injury risk.

Findings of prospective studies and systematic reviews
have indicated a relationship between the likelihood of
lower extremity injuries, such as hamstring strains, ante-
rior cruciate ligament ruptures, and ankle sprains, and
multiple external or internal factors in team sport ath-
letes.7,21,27,59 While factors such as an increased age and
injury history are among the metrics consistently linked
with injuries,16,20 modifiable risk factors are of great inter-
est because they provide the potential for risk mitigation
through targeted intervention strategies. Widely discussed
modifiable injury risk factors for team sports include train-
ing and game load, dynamic postural control, muscle
strength, flexibility, and proprioception.27,37,44,55,59 The use
of neuromuscular screening is widespread, as evidenced by
94% of surveyed elite European football teams performing
injury risk screening.32

Despite the popularity of load monitoring and neuromus-
cular screening, there is inconclusive and conflicting evi-
dence for their potential to identify injury-related risk
factors in team sports.27,55 In addition, methodologic limita-
tions, such as study design, cohort overlap, and lack of
assessment of potential cutoff values,3 complicate the gen-
eralizability of findings. Nonetheless, well-designed injury
risk factor analysis that includes predictive analysis con-
stitutes an essential step in disentangling the complex
injury matrix and creating evidence-based and successful
injury risk mitigation programs.37

Importantly, given that injury mechanisms and the con-
tributing risk factors are likely sport specific,53 each sport
should be individually assessed. Although comprehensive
risk factor analysis has been performed for other team
sports,7,13,21 no such analysis has been performed to iden-
tify injury risk factors in field hockey players, despite the
global popularity of the sport and its prominence at the
Olympic Games. Therefore, to better understand the com-
plex and multifactorial etiology of field hockey injuries and
to contribute to the development of evidence-based inter-
vention programs, the aim of this study was to determine
the relationship between injuries in hockey players and a
spectrum of potential risk factors. We used a

comprehensive suite of potential risk factors including
external load metrics related to training and game involve-
ment as well as modifiable and nonmodifiable intrinsic fac-
tors of athletes to encompass the broad influences on injury
occurrence.

METHODS

Study Design, Participants, and Injury Surveillance

The setting, recruitment procedure, and inclusion criteria
of the current prospective cohort study were previously
described by Hollander et al.25 Accordingly, the presidents
from all 28 clubs in the regional hockey association of
the Hamburg Hockey Federation (Hamburger Hockey-
Verband) were contacted. After they agreed to participate,
coaches from the first, second, third, regional, and youth
division teams (female and male teams) were contacted via
email and telephone. Ethical approval was obtained from
the local ethics committee, and the medical research
guidelines of the Helsinki Declaration were followed.
Written consent was obtained from all participants or
their parents/legal guardians.

The study consisted of a preseason baseline examination
for risk factors and a 12-month prospective documentation
of injuries related to practice and games during the 2015-
2016 outdoor and indoor hockey season. An injury was
defined as any musculoskeletal complaint (acute or chronic)
that occurred during the documentation period26 leading to
time loss from sport �1 day. Injuries were collected using a
standardized form by the team physical therapist, physi-
cian, or coach.

Risk Factor Assessment

Player Characteristics. Players were measured for
height, weight, and leg length at baseline. Leg length was
assessed from the greater trochanter to the lower margin of
the lateral malleolus. Other relevant information collected
at baseline was age; sex; playing position; league; and play-
ing indoor or outdoor season, or both.

External Load Measures. The practice and game expo-
sures of each player were documented by coaches using a
standardized report form (modified based on the study of
Fuller et al15) on a daily basis and collected weekly by the
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study staff. Analyzed risk factors were training sessions per
week, training minutes per week, and number of games.

Neuromuscular Testing Protocols. Ankle flexibility was
measured using the weightbearing lunge test.4 The players
stood in a lunge position, facing a wall. The big toe of the
tested leg and the knee touched the wall. With the knee
kept on the wall, the foot was then moved backward until
a maximum distance was reached without lifting the heel.
The maximum reach distance from the wall to the big toe
was then measured.

A shortened version of the Star Excursion Balance Test
(SEBT) was used to evaluate dynamic balance.19,23 Players
were instructed to place the foot of the nontested leg in the
middle of 6 measuring tapes on the floor. Their hands were
placed on the iliac crests. The measuring tapes were
aligned in the anterior, anteromedial, anterolateral, poste-
rior, posteromedial, and posterolateral directions. The
players were asked to reach the tested leg as far as possible
in each direction. The maximum distance reached was mea-
sured. Errors were defined as hands losing contact with the
iliac crests, lifting the forefoot or heel of the stance leg, or
losing balance. If an error occurred, the trial in that direc-
tion was repeated. Players were given 3 trials in each direc-
tion to familiarize themselves with the test. Reach
distances were normalized to leg length by dividing the
absolute value by the participant’s leg length.

A sit-and-reach box (Baseline-12 Sit n’ Reach Trunk
Flexibility Box; Baseline) was used to evaluate hamstring
flexibility.2 Players sat upright with extended knees and
with feet touching each other and placed against the sit-
and-reach box. They reached their extended arms as far as
possible in the direction of the feet without bending their
knees. The maximum reach distance was recorded using
the metric scale on top of the box.

Jump performance was analyzed using the squat jump,
countermovement jump, and depth jump. To perform the
squat jump,participants flexedtheir knees to90� then jumped
upward as high as possible. The countermovement jump
required participants to stand in an upright position then
bend and jump as high as possible. The depth jump was per-
formed from a box of 40-cm height.Playerswere asked to leave
the box with a step forward and then immediately jump ver-
tically after the foot touched the ground to keep the contact
time as short as possible. Each jump test was performed with
shoes, hands on the hips, and 3 repetitions per jump condition.
The highest squat and countermovement jump heights and
the shortest depth jump time were used for data analysis. The
jump height and depth jump time were measured using wear-
able inertial measurement units (Sensor DX3.1; Humotion)
secured by a strap on the back of the players.

Maximum sprint time was assessed using the flying
30-m sprint test. Time between 0 and 5 m, 0 and 10 m, and
0 and 30 m was recorded using a magnetic sensor system
with magnetic gates (SmarTracks Diagnostics; Humotion).
The athletes were asked to choose a starting point several
meters before the first magnetic gate, ensuring that the
maximum speed was reached at 0 m. The maximum speed
was to be maintained over the entire sprint distance. Each
athlete was given 3 trials. The best trial with the fastest
30-m time was used for data analysis.

Agility was assessed using the Change-of-Direction and
Acceleration Test, which was developed to evaluate speed
while running with several changes of direction.40 The test
starts with a straight sprint over 5 m and 4 diagonal direc-
tion changes (2 � 45� and 2 � 90�) with 3-m sprints in
between (zig-zag pattern), and it finishes with a straight
sprint over 10 m. The players were instructed to complete
the test as quickly as possible.

All neuromuscular tests have been shown to be reliable
and valid in previous studies.2,23,29,31,45

Statistical Analysis

All data were collected in a database (Excel for Mac 11,
Version 14.7.1; Microsoft Corp), and all statistical analyses
were conducted using the statistical software program R
(Version 3.6.2; R Core Team). Although the prospective
nature of the study limited the risk of bias, separate
researchers were responsible for injury screening and data
processing to reduce the risk. Descriptive statistics were
calculated as means with SDs. Variable selection was con-
ducted by applying a least absolute shrinkage and selection
operator (LASSO) logistic regression analysis54 via the
glmnet package14 to all injuries and lower limb injuries
separately. The LASSO approach refers to an L1 penaliza-
tion technique that applies a constraint on the sum of the
regression coefficients’ absolute values. This way, coeffi-
cients are shrunk toward 0, and less important effects can
even be set to exactly 0; hence, the corresponding predictors
are excluded from the model.

To assess the predictive capacity of the individual risk
factors, receiver operating characteristic (ROC) curves were
then calculated to determine the area under the curve (AUC)
and cutoff score for any variable that the LASSO model
identified as being relevant for injury occurrence. The AUC
of a ROC curve reflects how capable a variable is of distin-
guishing between athletes who sustained an injury and
those who remained uninjured.1,46 An AUC value equal to
0.5 indicates that the variable cutoff value is no better than
random chance at discriminating between injured and non-
injured athletes, whereas a value equal to 1 represents a test
with perfect discrimination accuracy. AUCs >0.70 are gen-
erally classified as “good” predictors of injury.33,38 The sen-
sitivity of the curve ranks the ability of the variable cutoff
value to correctly identify injured athletes, whereas the
specificity identifies the ability of the cutoff value to correctly
identify uninjured athletes.1 To determine the optimal cutoff
point discriminating between injured and uninjured ath-
letes, the maximum vertical distance between the ROC
curve and the bisecting line was chosen to maximize sensi-
tivity and specificity, per the Youden index method.43

P values <.05 were considered significant.

RESULTS

Player Characteristics

A total of 232 athletes from 14 teams agreed to participate
in the study, and 162 completed at least 1 risk factor
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assessment at baseline (Figure 1). The 83 players with
complete injury and risk factor data were included in the
final analysis (mean ± SD age, 20.73 ± 4.94 years; 34.9%

female) (Tables 1 and 2). About half of the players (n ¼ 37;
44.6%) were injured at some point throughout the hockey
season. Of these, 27 players (32.5%) sustained injuries in
the lower limb (totalling 73% of all injuries).

Risk Factor Analysis

All Injuries. LASSO regression analysis revealed
that more games played (b̂ ¼ 0.0286), older age (b̂ ¼
0.0066), a lower SEBT posteromedial distance
(b̂ ¼ �0.0272), a greater SEBT posterolateral asymmetry
(b̂ ¼ 0.0047), a higher countermovement jump height
(b̂ ¼ 0.0571), a lower drop-jump ground-reaction
time (b̂ ¼ �0.0006), and a faster 30-m sprint time
(b̂ ¼ �0.0004) were all relevant for injury occurrence. No
other measured variables were identified as being associ-
ated with general injury risk.

Lower Limb Injuries. LASSO regression analysis
identified that midfielders were more likely to sustain a
lower limb injury than were defenders (b̂ ¼ 0.2665) and
goalkeepers were less likely to sustain an injury than
were defenders (b̂ ¼ –0.1214). More games played (b̂ ¼
0.0103), lower SEBT posteromedial score (b̂ ¼ 0.0445),
greater asymmetries on the SEBT in the anterolateral
(b̂ ¼ 0.0077) and posterolateral (b̂ ¼ 0.0181) directions,
and higher countermovement jump height (b̂ ¼ 0.0625)
were associated with lower limb injuries during the sub-
sequent hockey season. No other measured variables

N = 232 screened for injuries
over 1 field hockey season

n = 162 par�cipated in preseason
risk-factor assessment

n = 63 had an injury
during the season

n = 99 without injuries
during the season

n = 26 excluded due to 
missing data

n = 37 included in
final data analysis

n = 46 included in
final data analysis

n = 53 excluded due to 
missing data

Figure 1. Flowchart of study participants from recruitment
through injury screening.

TABLE 1
Player Characteristics and Exposure Dataa

All Injuries Lower Limb Injuries

All Players Injured Players Noninjured Players Injured Players Noninjured Players

Sample size 83 37 (44.6) 46 (55.4) 27 (32.5) 56 (67.5)
Players by division

First (Bundesliga) 41 23 (56.1) 18 (43.9) 14 (34.1) 27 (65.9)
Second (2. Bundesliga) 7 2 (28.6) 5 (71.4) 2 (28.6) 5 (71.4)
Third (Regionalliga) 15 8 (53.3) 7 (46.7) 7 (46.6) 8 (53.4)
Fourth (Verbandsliga) 6 0 (0.0) 6 (100) 0 (0.0) 6 (100)
Youth 14 4 (28.6) 10 (71.4) 4 (28.6) 10 (71.4)

Playing indoor and field season 76 (91.6) 35 (94.6) 41 (89.1) 26 (96.2) 50 (89.3)
Player by positionb

Defense 28 (33.7) 11 (39.4) 17 (60.6) 6 (21.4) 22 (78.6)
Midfield 18 (21.7) 9 (50) 9 (50) 8 (44.4) 10 (55.6)
Striker 27 (32.5) 14 (51.9) 13 (48.1) 12 (44.4) 15 (55.6)
Goalkeeper 10 (12.0) 3 (30) 7 (70) 1 (10) 9 (90)

Training per week
Sessions 3.93 ± 2.06 4.26 ± 1.98 3.67 ± 2.11 4.00 ± 1.56 3.9 ± 2.27
Minutes 495.09 ± 216.26 548.78 ± 260.70 451.90 ± 256.38 528.52 ± 233.43 478.97 ± 274.22

Games playedb 50.08 ± 21.63 60.16 ± 20.75 41.98 ± 18.91 57.37 ± 21.35 46.57 ± 21.06
Sex

Female 29 (34.9) 10 (34.5) 19 (65.5) 7 (34.5) 22 (65.5)
Male 54 (65.10) 27 (50) 27 (50) 20 (37) 34 (63)

Age, yb 20.73 ± 4.94 21.68 ± 5.41 19.68 ± 4.44 21.30 ± 5.77 20.46 ± 4.51
Height, cm 176.61 ± 8.89 177.24 ± 8.25 176.11 ± 9.43 177.6 ± 7.76 176.14 ± 9.41
Weight, kg 71.47 ± 11.06 72.99 ± 8.95 70.25 ± 12.47 72.54 ± 9.95 70.96 ± 11.61

aData are presented as raw total (percentage of total player population) or group mean ± SD. bVariable identified by the least absolute
shrinkage and selection operator model as being relevant for injury occurrence.
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were detected as being relevant for lower limb injury
occurrence.

Discriminative Accuracy of Individual Injury Predictors

ROC curve analyses for the individual variables selected by
the LASSO model are detailed in Table 3 (all injuries),
Table 4 (lower limb injuries), and Figure 2.

DISCUSSION

This is the first study to utilize a comprehensive suite of
player characteristics, exposure, and neuromuscular per-
formance measures to identify factors associated with the
risk of injury in field hockey players across a full indoor and
outdoor season. Key factors identified as being relevant
predictors of general and lower limb injury occurrence
included a greater exposure (number of games),

TABLE 2
Neuromuscular Control and Performance Variablesa

All Injuries Lower Limb Injuries

All Players
(N ¼ 83)

Injured Players
(n ¼ 37)

Noninjured Players
(n ¼ 46)

Injured Players
(n ¼ 27)

Noninjured Players
(n ¼ 56)

Sit-and-reach test, cm 8.31 ± 10.42 8.85 ± 12.97 7.88 ± 8.04 9.1 ± 14.6 7.93 ± 7.68
Ankle flexibility, cmb 12.37 ± 2.83 12.06 ± 2.72 12.61 ± 2.93 11.85 ± 2.78 12.62 ± 2.85
Ankle flexibility asymmetry, cm 1.64 ± 1.29 1.52 ± 1.25 1.73 ± 1.33 1.49 ± 1.32 1.78 ± 1.28
Leg-length difference, cm 0.55 ± 0.75 0.53 ± 0.72 0.56 ± 0.78 0.45 ± 0.59 0.59 ± 0.81
SEBTb

Anterior 94.00 ± 8.44 93.96 ± 7.04 94.04 ± 9.49 93.29 ± 6.53 94.35 ± 9.26
Anteromedial 78.93 ± 9.64 77.46 ± 7.66 80.12 ± 10.91 77.49 ± 7.02 79.63 ± 10.66
Anterolateral 91.24 ± 7.90 90.84 ± 7.28 90.62 ± 7.27 90.04 ± 7.59 90.75 ± 7.36
Posterior 86.40 ± 7.38 85.27 ± 6.75 87.32 ± 7.81 84.84 ± 6.97 87.16 ± 7.52
Posteromedialc 81.51 ± 7.55 79.71 ± 6.34 82.96 ± 8.36 78.78 ± 6.32 82.83 ± 7.94
Posterolateral 87.75 ± 7.18 86.53 ± 6.38 88.74 ± 7.69 85.96 ± 6.41 88.62 ± 7.42

SEBT asymmetry, cm
Anterior 4.2 ± 3.11 4.09 ± 2.74 4.39 ± 3.40 3.9 ± 2.65 4.35 ± 3.32
Anteromedial 4.93 ± 4.31 5.53 ± 4.07 4.45 ± 4.08 5.06 ± 3.92 4.87 ± 4.52
Anterolateralc 3.68 ± 3.70 3.87 ± 4.42 3.52 ± 3.03 4.44 ± 4.74 3.31 ± 3.06
Posterior 3.62 ± 3.03 4.03 ± 3.04 3.30 ± 3.02 4.06 ± 2.90 3.41 ± 3.1
Posteromedial 4.66 ± 4.09 4.58 ± 3.82 4.72 ± 4.33 4.39 ± 4.18 4.97 ± 4.07
Posterolateralc 3.88 ± 4.02 4.61 ± 4.57 3.29 ± 3.46 5.09 ± 5.19 3.30 ± 3.22

Countermovement jump height, cmc 39.70 ± 5.96 41.45 ± 5.90 38.61 ± 5.77 42.02 ± 6.02 38.81 ± 5.76
Drop-jump ground-reaction time, msc 204.64 ± 40.37 197.41 ± 36.96 210.46 ± 42.42 197.9 ± 38.38 207.89 ± 41.24
Sprint time, s

0-5 m 0.99 ± 0.08 0.98 ± 0.07 1.00 ± 0.08 0.99 ± 0.07 0.99 ± 0.09
0-10 m 1.74 ± 0.15 1.71 ± 0.16 1.77 ± 0.13 1.73 ± 0.12 1.75 ± 0.16
0-30 mc 4.40 ± 0.36 4.30 ± 0.46 4.48 ± 0.33 4.32 ± 0.34 4.44 ± 0.36

Agility, s 6.10 ± 0.47 6.08 ± 0.42 6.11 ± 0.51 6.05 ± 0.46 6.12 ± 0.48

aData are presented as mean ± SD. SEBT, Star Excursion Balance Test.
bMean of the left and right legs.
cVariable identified by the least absolute shrinkage and selection operator model as being relevant for injury occurrence.

TABLE 3
Discriminative Accuracy of Each Variable/Category for Predicting All Injuries in Hockey Determined Using Receiver

Operating Characteristic Curvesa

Predictor Variable Cutoff Value AUCb (95% CI) Sensitivity, % Specificity, % P Valuec

No. of games 43.5 0.74 (0.63-0.85) 83.8 56.5 <.001
Age, y 18.5 0.59 (0.47-0.72) 70.3 47.8 .072
SEBT posteromedial, cm 86.1 0.61 (0.49-0.73) 86.5 32.6 .043
SEBT asymmetry: posterolateral, cm 2.9 0.62 (0.50-0.74) 67.6 56.5 .031
Countermovement jump height, cm 40.6 0.67 (0.55-0.79) 67.6 67.4 .003
Drop-jump ground-reaction time, ms 213.8 0.59 (0.47-0.72) 78.4 45.6 .063
30-m sprint time, s 4.3 0.65 (0.53-0.77) 54.1 76.1 .008

aAUC, area under the curve; SEBT, Star Excursion Balance Test.
bAUC scores range from 0 (no accuracy) to 1 (perfect accuracy).
cBold P values indicate statistical significance (P < .05).
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asymmetrical and poor dynamic postural control in the pos-
terior directions, and better explosive athletic performance.
Furthermore, midfielders were more likely to sustain a
lower limb injury than were defenders, while goalkeepers
were less likely. Importantly, these risk factors combine to
jointly affect the injury risk in an integrated manner, as
demonstrated via LASSO regression analysis. Despite most
selected variables being poorly to moderately predictive of
injury when assessed in isolation via ROC curve analyses,
discussion of each identified factor is warranted to inform
targeted injury risk mitigation strategies.

Player Characteristics Associated With Injury Risk

Age is a particularly well-established injury risk factor, and
it appears to influence most types of noncontact injury in
team sports.16,56 However, age was among the poorest indi-
vidual predictors of general injury identified by our model
(AUC ¼ 0.59) and was not associated with lower limb

injuries. Furthermore, our age cutoff value of 18.5 years,
which was not statistically significant, is low compared
with that reported in research citing elevated hamstring
injury risk in football in ages >23 years.60 Therefore, age
may be relevant for field hockey injury prediction only
when considered alongside other risk factors.

The observed difference in lower limb injury risk among
field hockey positions may be due to the inherent differ-
ences in position requirements, as reported in other team
sports.6,34 While protective equipment is expected to dimin-
ish injury risk in goalkeepers, it has also been suggested
that the unique locomotive demands of each position could
influence the risk of injury. Global positioning system anal-
yses have revealed that hockey midfielders cover more total
distance than do other position players,39 forwards typi-
cally play fewer game minutes than do midfielders,57 and
defenders spend less time in high-velocity running zones
and reach lower peak velocities than do other outfield
players.28,39 Combined, this may explain why field hockey
midfielders are at an increased risk of lower limb injury
over defenders, given that related elements of running
exposure are associated with hamstring injury risk, for
example.47 These observations are in general agreement
with our finding that certain elements of exposure were
associated with injury risk in field hockey players.

Exposure Variables Associated With Injury Risk

Our model recognized game exposure as the strongest pre-
dictor of general injury, with the cutoff value of 43.5 games
successfully identifying 83.8% of injured athletes. Players
participating in >38.5 games were also at an increased risk
of sustaining a lower limb injury. These findings support
evidence that injury risk in other team sports (eg, rugby
union) increases linearly with games played and that ath-
letes playing >28 games per season are at an especially
elevated risk of sustaining an injury.59 The identification
of game exposure as an injury risk factor is perhaps not
surprising, considering observations that injury rates are
considerably higher in games than they are during training
in team sports.12,24,30 However, it is not simply the volume
of exposure that is important but also the context of the
exposure including factors such as the type and rate of

TABLE 4
Discriminative Accuracy of Each Variable/Category for Predicting Lower Limb Injuries in Hockey Determined Using Receiver

Operating Characteristic Curvesa

Predictor Variable Cutoff Value AUC (95% CI)b Sensitivity, % Specificity, % P Valuec

No. of games 38.5 0.64 (0.51-0.76) 88.9 37.5 .022
SEBT posteromedial, cm 87.3 0.65 (0.53-0.77) 96.3 28.6 .014
SEBT asymmetry, cm

Anterolateral 10.2 0.56 (0.43-0.70) 18.5 98.2 .178
Posterolateral 3.5 0.62 (0.49-0.76) 55.6 66.1 .037

Countermovement jump height, cm 42.2 0.67 (0.54-0.79) 59.3 71.4 .008

aAUC, area under the curve; SEBT, Star Excursion Balance Test.
bAUC scores range from 0 (no accuracy) to 1 (perfect accuracy).
cBold P values indicate statistical significance (P < .05).
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exposure.17,35,36 This partially explains why periods of
game congestion amplify injury rates in field hockey.52 The
interaction between the short- and longer-term workloads
may be a particularly important mediator of the exposure-
injury relationship, and rapid spikes in exposure combined
with chronic training loads that are too low or too high have
been reported to increase the risk of injury.8,11,17 However,
no relationship between training exposure variables and
injury risk in field hockey players was detected in our
study.

Neuromuscular Performance Variables Associated
With Injury Risk

Poor performance in multiple directions of the SEBT was
associated with an increased injury risk during the hockey
season, which supports the hypothesis that generally poor
or asymmetrical dynamic postural control increases injury
risk.44,50,51 However, while research has suggested that
asymmetry in the anterior directions of the SEBT is the
most relevant predictor of injury,44,50 our results indicated
that anterolateral asymmetry was marginally more likely
to predict a lower limb injury than chance (AUC ¼ 0.56),
and our cutoff value did not reach statistical significance.
Instead, we observed that posterolateral asymmetries
>3.5 cm (AUC ¼ 0.62) and >2.9 cm (AUC ¼ 0.62) better
predicted injury risk for general and lower limb injuries,
respectively, and that poor absolute posteromedial SEBT
performance was predictive of general (AUC ¼ 0.61) and
lower limb (AUC ¼ 0.65) injury occurrence. However, the
predictive accuracy of our results is poor when compared
with that of other studies reporting AUC values >0.82 with
a sensitivity of 88% and a specificity of 67%.50 There is
evidence that SEBT performance is sport specific,51 so our
novel findings regarding the posterior directions of the
SEBT may reflect the unique mechanics and postures asso-
ciated with hockey locomotion and skill execution.58

We also observed that superior preseason performance
on a series of explosive tasks increased the risk of injury
during the field hockey season. This could be considered
paradoxical in light of findings that well-developed physical
capacities, including sprint speed, may be protective
against injury.17,35 However, our finding that faster 30-m
sprint time was a risk factor for general injury is supported
by links between faster sprint capacity and an increased
likelihood of groin injury in amateur footballers13 and gen-
eral injury in elite junior Australian footballers.7 The coun-
termovement jump performance was one of the strongest
predictors of injury in our study. Although research on the
countermovement jump as a predictor of injury risk in team
sports is limited, there is some precedent for lower injury
rates being linked with lower vertical jump perfor-
mance.7,18 Ground contact times during depth jumps are
also rarely reported in team sports injury risk factor
research, meaning that our finding that better depth jump
ground contact times may increase general injury risk is
novel. This should, however, be interpreted with caution.
Although the LASSO model identified it as being relevant

for injury risk, the cutoff value identified was not statisti-
cally significant.

Limitations

Because of a complex and multifactorial nature, injury risk
research typically has moderate to poor predictive accu-
racy,3,46 and our study was not immune to this issue.
Despite the use of a broad range of potential risk factors,
an advanced multivariate regression model to identify rel-
evant predictors, and predictive statistical methods, our
results confirmed the limited predictive accuracy of individ-
ual injury risk factor analysis, with a mean selected vari-
able AUC of 0.63. A major strength, however, was the
LASSO regression, which enabled a thorough and multi-
variate risk factor analysis for injury risk. Among the lim-
itations specific to our study was using only 1 preseason
time point for neuromuscular testing, which neglected to
address the temporal dynamics of risk factors. The general
categorization of injuries also did not take into account the
role of injury mechanism and type—for example, contact
versus noncontact injuries and hamstring versus ankle
sprain, which are likely to have different risk factors. This
general classification of injuries may partially explain a
lack of strong association with well-validated injury risk
factors such as age and previous injury, as these are
unlikely to heavily mediate the incidence of contact inju-
ries, for instance. Last, the crude measures of training
exposure in this study did not take into account additional
factors that may influence injury risk such as load intensity
and changes in load over time. Combined, these factors may
have limited the predictive capacity of our observations.

Practical Recommendations

Despite well-documented limitations, the widespread use
and perceived success of injury risk screening and injury
prevention programs at the elite level in team sports are
encouraging.42 When skilled and informed practitioners
are armed with well-designed risk factor screening, they
can combine it with their intimate knowledge of the
sports-specific context of these results, including previous
and upcoming exposures. This allows them to make
informed individual player availability and training design
decisions that may mitigate the risk of injury and ulti-
mately maximize team performance.

Based on the results of the current study, neuromuscular
training programs for injury risk mitigation in field hockey
should target asymmetries and poor performance in poste-
rior directions of dynamic postural control. Furthermore,
despite the observations in this study, concerns regarding
the injury risk of explosive performance improvement
should be balanced against the need to maximize perfor-
mance. In team sports involving high-intensity intermit-
tent activity such as field hockey, improvements in jump
and sprint performance should be considered in harmony
with similar improvements in protective capacities, such as
eccentric strength and aerobic capacity,36,42 and implemen-
ted as part of carefully considered exposures to mitigate the
risk of injury. As injury is linked with sprint speed and
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game exposure, training should also be designed with suf-
ficient dosages of high-velocity running and chronic load,
the combination of which is purported to minimize injury
risk.35,36 Finally, this study demonstrated that LASSO
analysis is a valuable tool in assessing injury risk in team
sports, with the potential to identify overall injury risk
based on the combination of individual factors assessed via
athlete screening. Future studies should utilize multiple
time points for neuromuscular testing and use more sensi-
tive measures of game and training exposure to elucidate
the factors contributing to the risk of injury in field hockey
players.

CONCLUSION

The results of this study provide the first evidence of fac-
tors associated with injury occurrence during a 12-month
indoor and outdoor hockey season. Multiple risk factors
jointly affected the risk of injury in an integrated manner.
Although individual risk factors aside from game expo-
sure were not strongly predictive of injury risk, a number
of moderate associations between individual risk
factors and injury were detected, with implications for
the design of injury risk mitigation strategies in field
hockey players.
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