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Background: Multiteam, multi-institution prospective studies of both women’s and men’s sports are essential for collectively
investigating injury and primary to the generalization and individualization of injury prevention strategies.

Hypothesis: Characteristics of workload, sleep, and contextual factors will be associated with injury risk in collegiate soccer
athletes.

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

Methods: Injuries, workload, and sleep characteristics were recorded daily throughout a complete season for 256 athletes from
12 separate National Collegiate Athletic Association Division I men’s and women’s soccer teams. Workload and contextual fac-
tors were assessed via multilevel Poisson regression to capture differences in injury incidence rate ratio (IRR). Paired t test and
multilevel logistic regressions were used to assess the relationship between sleep behavior and injury.

Results: Collegiate soccer athletes had lower rates of noncontact injury in the in-season (IRR, 0.42) and postseason (IRR, 0.48)
compared with preseason, lower rates of injury in training (IRR, 0.64) compared with matches, and higher injury rates with only 1
day of rest in the previous week (IRR, 1.58) compared with .1 day. Injury rates peaked when training occurred 4 days before
a match (IRR, 2.24) compared with a match. Injury rate increased exponentially with increases in the number of noncontact
injuries incurred throughout the season (IRR, 2.23). Lower chronic loading, higher training monotony, and acute spikes and lulls
in workload were associated with higher noncontact injury rates. Alterations in previous week sleep quality were associated with
injury, while chronic sleep behavior and acute alterations (\7 days) in sleep behavior were not (P . .05).

Conclusion: Athlete and schedule-specific contextual factors, combined with characteristics of workload and weekly sleep
behavior, are significantly associated with injury in collegiate soccer. Multiteam prospective cohort studies involving objective
and subjective monitoring allow for the identification of multiple injury risk factors in sports, which can be used to guide injury
prevention strategies. Maintaining higher chronic workloads, lowering training monotony, minimizing acute spikes or lulls in work-
loads, managing workloads during preseason and for athletes with previous injury, integrating more rest and recovery during con-
gested periods, and optimizing sleep quality are all practical considerations for reducing injury risk in collegiate soccer.
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Injuries can negatively affect competitive performance36

and threaten long-term athlete well-being54; therefore,
optimizing injury prevention practices is a key focus for
scientists and practitioners in sports medicine. Prevention
of injury has been described by van Mechelen and

colleagues56 as a process requiring the identification of
risk factors contributing to injury occurrence. However,
sports injuries are complex and no single risk factor is ade-
quate to explain all injury occurrences.7 It is therefore per-
tinent that multiple risk factors be considered when
investigating injury determinants in sports. However,
injury risk factor research is typically conducted on iso-
lated subsets of factors (eg, workload, previous injury, cal-
endar congestion, sleep, or athlete characteristics), and
although isolated investigations are important for injury
risk factor identification, viewing complex phenomena
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without taking multiple factors into consideration fails to
provide adequate context and can support a 1-dimensional
view of injury.7 Further, many investigations are limited to
1 team, either men or women, a small number of players,
or an isolated period of a season, in which the results are
limited in generalizability across an entire league and an
entire season.24 As indicated by Ekstrand,24 large-scale,
multiteam, and multi-institution studies investigating
multiple risk factors collectively are needed to answer
important and practical questions regarding injury in
sports.

Soccer, being the world’s most popular sport,41 has
received considerable attention with regard to the identifi-
cation of risk factors associated with injury.4,23,34 Evidence
suggests athlete-specific risk factors such as previous
injury,35 playing experience, player role on the team (starter
vs reserve), and playing position19 have potential to influence
workload demands and therefore injury risk. Workload,
which is recognized by Windt and Gabbett58 as a precondition
for injury in sport, is a primary modifiable risk factor.47

Workload characteristics, such as low chronic workload38

and ‘‘spikes’’ in workload relative to the player’s chronic base-
line (ie, acute chronic workload ratio [ACWR]),39 are key
areas of interest with regard to injury risk modification
through workload management. Periods of workload intensi-
fication, such as the preseason and calendar-congested peri-
ods, have additionally been identified as key areas of focus
for preventative practices.5,21 Sleep also represents an impor-
tant recovery behavior to consider from both an acute (ie,
fluctuations in sleep duration or quality) and chronic (ie, nor-
mal sleep patterns) perspective. Inadequate sleep has been
identified as a risk factor for injury in adolescent athlete pop-
ulations48,57 and additionally in professional male soccer
players,44 with research indicating that aspects of sleep qual-
ity may be compromised before injury.50

There is a need to collectively examine a host of injury
risk factors in soccer using a multiteam cohort that is
inclusive of both men and women athletes. Multiteam pro-
spective cohort studies involving multidimensional (eg,
athlete-specific and session-specific contextual factors,
workload, and sleep characteristics) monitoring practices
support the modeling of multiple injury risk factors in
sports and can be used to generalize and individualize
injury prevention strategies. The purpose of this study
was therefore to investigate potential workload, sleep,
and contextual factors on noncontact injury risk in
National Collegiate Athletic Association (NCAA) men’s
and women’s soccer.

METHODS

Participants

A prospective cohort study of 256 NCAA Division I athletes
from 12 separate university teams was conducted over the
2016 (2 teams), 2017 (6 teams), and 2018 (4 teams) seasons.
In total, 139 of the participants were female (age, 20 6 1
years; body mass, 64.7 6 6.1 kg; height, 166.8 6 6.2 cm;
VO2max, 46.8 6 4.0 mL�kg–1�min–1) and 117 were male soc-
cer players (age, 20 6 2 years; body mass, 77.4 6 5.1 kg;
height, 179.9 6 6.5 cm; VO2max, 53.8 6 4.1 mL�kg–1�min–1).
All participants were medically cleared for physical activity
by their respective university’s sports medicine department
and free of any debilitating musculoskeletal injuries or con-
traindicated medical conditions. Institutional review board
(IRB) and ethics approval was obtained from all institutions,
with primary oversight and coordination provided by the
University of Connecticut (IRB approval ID: H17-134). All
participants provided written informed consent before the
season. When the participant was under the age of 18 years,
parental consent was obtained.

Injury Classification

Injuries were diagnosed and recorded by a single member
of each team’s medical staff (ie, certified athletic trainer).
Each team’s medical staff member was provided a custom
injury recording spreadsheet consistent with data report-
ing procedures of the NCAA Injury Surveillance Program20

and received on-site and in-person training by research
personnel on its use before the start of each season. Infor-
mation such as injury date, type, body part, side, mecha-
nism, time of season, event type, and date of return was
recorded and delivered to researchers in a deidentified for-
mat. Injuries were recorded according to the current con-
sensus statement on the recording of soccer injuries,28

which states that an injury is ‘‘any physical complaint sus-
tained by a player that results from a football (soccer)
match or football (soccer) training, irrespective of the
need for medical attention or time loss from football (soc-
cer) activities.’’28 For this study, all noncontact injuries
resulting from NCAA-sanctioned practices or games that
required medical attention, irrespective of time loss, were
considered. Research indicates that noncontact injuries
may be ‘‘preventable’’ or at least reduced with interven-
tion-based exercise programs.55
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Athlete, Session, and Congestion

Several athlete-specific, session-specific, and seasonal con-
gestion factors with the potential to influence injury risk
were selected for analysis. To assess differences between
player role within the team, athletes were classified as
starters if they competed in .60% of the total match time
and started in .60% of the total matches in the season3

or reserves if they did not meet the aforementioned criteria.
Athletes were additionally divided into position groups con-
sisting of defenders, midfielders, and forwards. Athletes
were further grouped by the number of years they had
been competing in intercollegiate athletics (range, 1-6
years). To examine the effect of season phase, injury risk
during preseason, in-season, and postseason was consid-
ered, with postseason referring to the period in which con-
ference and NCAA tournament play occurred. Daily
exposures were additionally classified by days relative to
an upcoming match (match day minus [MD-]) and were ana-
lyzed for 1 (MD-1), 2 (MD-2), 3 (MD-3), 4 (MD-4), 5 (MD-5),
and 6 or greater (MD-6+) days before a match. Further,
exposures were classified as either a training or a match
session. The effect of session and match congestion on injury
risk was determined by grouping individual exposures by
the number of sessions or matches completed by that indi-
vidual in the previous 7 days. Session congestion consisted
of groupings \6 sessions (.1 day off) or 6 sessions (1 day
off) in the previous 7 days. Match congestion grouping con-
sisted of either 0 or 1, or 2 or 3 calendar matches in the pre-
vious 7 days. To examine the effect of previous injury on
injury risk, rather than classify it as a binary outcome
(injury vs no injury), which does not consider the total num-
ber of injuries sustained previously, a rolling cumulative
sum was calculated for each player over the season.

Workload

Global positioning satellite (10 Hz) player tracking devices
were used to capture workloads during all training sessions
and matches (Polar Team Pro; Polar Electro). The player
tracking device has reported accuracy and reliability out-
doors.33 To reduce interunit error, players wore the same
device for each training session.40 Players donned the player
tracking device before the beginning of the session warm-up
to the end of the last organized training activity.

For this investigation, all training and match exposures
were considered.28 Workload metrics were aggregated into
daily sum totals and lagged by 1 day so that injury risk
was assessed based on previous workloads. Several workload
features were engineered from total distance covered (TD)
and total high-speed distance covered (HSD; .14.4 km�h–1).
Exponentially weighted moving averages (EWMAs), which
account for the decaying effect of workload, were calculated
for 7 and 28 days of TD and HSD. Research by Murray
et al49 suggests that ACWR methods using EWMAs instead
of standard rolling average may be more sensitive to injury.
ACWR for TD (ACWRTD) and ACWR for HSD (ACWRHSD)
were calculated by dividing the 7-day EWMA by the 28-day
EWMA. ACWR windows of 7 and 28 days were used, as these

are customary in workload-injury investigations.32 Both roll-
ing 7-day means and rolling 7-day standard deviations of TD
and HSD were computed to model workload monotony.
Monotony was calculated by dividing each day’s rolling aver-
age of the previous 7 days by the rolling standard deviation of
the previous 7 days. Additionally, rolling 7-day and 28-day
sums were computed to represent traditional acute and
chronic workload features, respectively.

Sleep Diary

Acute and chronic sleep behavior was assessed via the Kar-
olinska Sleep Diary (KSD),2 which has been utilized previ-
ously to assess subjective sleep duration and aspects of
sleep quality in NCAA Division I athletes.6 The KSD is
an 11-item questionnaire used to evaluate several facets
of sleep, including quantity and perceived quality. The
KSD has shown strong association with objective measures
of sleep taken via the gold standard of sleep assessment,
polysomnography (PSG). Specifically, subjective sleep
duration and sleep latency have been shown to have high
intraindividual correlations with objective measures taken
via PSG (r = 0.55 and r = 0.64, respectively), and several
subjective measures of sleep quality have been shown to
have moderate to high correlations with objective sleep
efficiency (r = 0.41-0.78).1 The KSD questionnaire was
administered daily through an athlete management sys-
tem (CoachMePlus), which allowed recording of the KSD
items via smartphone application. Before the start of the
study, participants downloaded the application on their
smartphone and received in-person instructions on filling
out each item of the questionnaire. Participants were
encouraged to complete the questionnaire upon waking.

Statistical Analysis

Statistical analysis was conducted in the R statistical pro-
gramming language (R Core Team). Daily workload-injury
relationships were investigated using generalized multi-
level regressions with a Poisson distribution, log link func-
tion, and unstructured covariance matrix. Mixed-effects
modeling was used for its ability to handle unbalanced fix
factors and to account for repeated measures,14 which was
seen with multiple exposures per player. During null model
construction, player (ie, each individual player) and player
sex (ie, male or female) were entered as clustering variables;
however, intraclass correlation coefficient values for player
sex were 0, indicating no additional variance was being
explained by this factor. Therefore, a random effect of play-
ers was included in all contextual and workload-injury mod-
eling. In light of previous reports of nonlinear relationships
between workload variables (ie, ACWR) and injury,9 both
linear and nonlinear workload-injury models were com-
pared via chi-square tests, to test whether or not there
was a statistically significant reduction in the residual
sum of squares. If there was no statistically significant dif-
ference between linear and quadratic models (second-order
polynomial), a linear model was used.

Sleep-injury associations were assessed via 3 separate
analyses. First, statistical differences were assessed via
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paired t test between seasonal average sleep and the sleep
directly preceding an injury, an average of 3 days before an
injury and an average of 7 days before an injury. Second,
seasonal average sleep, taken to be a representation of
the participant’s chronic sleep habits over the season,
was assessed as a potential risk factor for injury incidence
over the season using logistic regression with a binary out-
come distribution and logit link function. Finally, sleep
measures were averaged by week and the likelihood of
incurring an injury in the subsequent week was assessed
via univariate generalized multilevel regressions with
a Poisson outcome distribution, log link function, and
unstructured covariance matrix. The statistical signifi-
cance level of P \ .05 was set a priori for all analyses.

RESULTS

A total of 191 noncontact injury incidences were recorded,
with 182 resulting from participation in NCAA-sanctioned
on-field practices or games. Noncontact injury rates were
10.22 per 1000 athlete-exposures or 4.95 per 1000 expo-
sure-hours.

Athlete, Session, and Congestion

Associations between injury rate and athlete, season, calen-
dar congestion, and session-specific factors are displayed in
Table 1. Results indicated that athlete sex, role, collegiate
playing experience, and position were not significantly asso-
ciated with noncontact injury. Previous injury was signifi-
cantly associated with subsequent injury with rates
increasing by 2.23 times (95% CI, 2.05-2.42; P \ .001) for
each additional injury. The predicted likelihood of subse-
quent injury increased exponentially with increased num-
ber of noncontact injuries throughout the season (Figure
1). Season phase was also identified as a factor affecting
injury rate with both in-season and postseason incidence
rates being 58% (incidence rate ratio [IRR], 0.42; 95% CI,
0.31-0.57; P \ .001) and 52% (IRR, 0.48; 95% CI, 0.28-
0.82; P = .008) less when compared with the preseason,
respectively. Injury incidence rates were significantly lower
(36%) in training as compared with a match (IRR, 0.64; 95%
CI, 0.47-0.86; P = .003). Injury likelihood (%) by days rela-
tive to an upcoming match is presented in Figure 2. Injury
rates were 66% lower on MD-1 (IRR, 0.34; 95% CI, 0.21-
0.55; P \ .001) and 65% on MD-2 (IRR, 0.35; 95% CI,
0.20-0.61; P \ .001) compared with a match. The rate of
injury 4 days before a match (MD-4) was 2.24 times (95%
CI, 1.49-3.38; P \ .001) the rate of injury in matches. Injury
rates were also higher when athletes had 1 day off in the
previous 7 days as compared with .1 day off (P = .04).
The differences in injury rate for 0 and 1 matches in the pre-
vious 7 days compared with 2 and 3 matches in the previous
7 days did not reach significance (P = .06).

Workload

Quadratic modeling (second-order polynomial) of ACWR-
injury relationships for both ACWRTD and ACWRHSD

showed significant reductions in residual variance com-
pared with linear models (x2 = 6.37; P \ .001); therefore,
quadratic functions were used. Residual variance was not
statistically different between linear and quadratic models
for monotony, acute workload, and chronic workload;
therefore, linear models were used.

Univariate multilevel Poisson regression results for
workload-injury models are shown in Table 2. Workload-
injury plots for ACWR and chronic workload are shown
in Figure 3. Our findings indicated there was a significant
quadratic relationship between ACWR and injury for both
ACWRTD and ACWRHSD. Injury rates increased by 1.52
times (95% CI, 1.26-1.83; P \ .001) per 1-unit increase in
ACWRTD and by 1.43 (95% CI, 1.20-1.71; P \ .001) per 1-
unit increase in ACWRHSD. Chronic workload was nega-
tively associated with injury rate, with the rate of noncon-
tact injury decreasing by 6% (IRR, 0.94; 95% CI, 0.90-0.98;

TABLE 1
Association Between Athlete, Season, and

Schedule-Specific Factors and Noncontact Injurya

Variable IRR 95% CI P Value

Sex
Women Reference
Men 1.09 0.72-1.64 .693

Status
Reserve Reference
Starter 1.17 0.78-1.76 .452

Collegiate playing experience
Per 1-year increase 1.16 0.96-1.39 .121

Position
Defender Reference
Forward 0.93 0.55-1.59 .798
Midfielder 0.88 0.54-1.42 .596

Previous injury
Per 1-injury increase 2.23 2.05-2.42 \.001

Season phase
Preseason Reference
In-season 0.42 0.31-0.57 \.001
Postseason 0.48 0.28-0.82 .008

Session type
Match Reference
Training 0.64 0.47-0.86 .003

Day relative to match
MD Reference
MD-1 0.34 0.21-0.55 \.001
MD-2 0.35 0.20-0.61 \.001
MD-3 0.59 0.34-1.01 .053
MD-4 2.24 1.49-3.38 \.001
MD-5 1.45 0.77-2.75 .250
MD-6+ 0.80 0.42-1.52 .496

Session congestion (per week)
.1 day off Reference
1 day off 1.58 1.02-2.46 .041

Match congestion (per week)
0-1 matches Reference
2-3 matches 0.76 0.56-1.01 .062

aIncidence rate ratio (IRR) .1 indicates an increased rate of
injury above the reference (categorical variable) or an increased
rate of injury per 1-unit increase (numeric variable). Boldface type
indicates statistical significance (P \ .05). MD, match day.
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P \ .01) per every 10-km increase in ChronicTD and by
8% (IRR, 0.92; 95% CI, 0.88-0.97; P \ .001) per every
1 km in ChronicHSD (Figure 3). Total distance monotony
(MonotonyTD) was also positively associated with noncon-
tact injury, with injury rates increasing by 51% per 1-
unit increase in MonotonyTD (IRR, 1.51; 95% CI, 1.18-
1.92; P \ .001).

Sleep

Multinomial logistic regression results displaying the odds
of sustaining a noncontact injury based on average sleep
behavior during a season are presented in Table 3. The
results indicate that the seasonal average sleep duration
and aspects of sleep quality were not statistically

associated with increased odds of sustaining a noncontact
injury over the season (P . .05). The effect of average
weekly sleep behavior on subsequent noncontact injury
rates during the week are also shown in Table 3. Specifi-
cally, sleep latency showed a positive association with
increased injury incidence with a 2.43 times (95% CI,
1.03-5.73; P = .04) increase in injury incidence rate per 1-
hour increase in time needed to fall asleep. Increases in
perceived sleep quality, calmness of sleep, and ease of fall-
ing asleep were associated with a decreased injury inci-
dence rate by 41%, 43%, and 33% per 1-unit increase,
respectively. Additionally, there were no significant differ-
ences found between the seasonal average sleep duration
or quality and the night before an injury, an average of 3
nights before an injury, or an average of 7 days before an
injury (P . .05) (Table 4).

DISCUSSION

Our key findings were that collegiate soccer players are at
higher risk for noncontact injury during the preseason
compared with other phases of the competitive cycle, dur-
ing matches compared with training, and when only 1
day of rest in the previous 7 days occurred compared
with .1 day of rest, and injury rates peaked when training
occurred 4 days before a match. Injury risk increased expo-
nentially with increases in the number of previous injuries
throughout the season. Also, lower chronic loading, higher
training monotony (ie, lower training variability), and
increased acute spikes or lulls in loading were associated
with higher noncontact injury risk.

Athlete and Schedule-Specific Factors

Noncontact injury rates were not different between male
and female players, which is supported by epidemiological
injury surveillance research in collegiate soccer.53

Although noncontact injury was not directly investigated
by Roos et al,53 they reported no differences in injury rates
between men and women for either time-loss or non–time-
loss injuries in a large investigation of 167 collegiate team-
seasons. Our findings further support that noncontact
injury rates are not different between women and men in
NCAA Division I soccer.

Since injury rates have consistently been found to be
higher in matches compared with training,51,53 including
in the current study, it is interesting that noncontact
injury rates were not elevated for starters compared with
reserves. Starters in NCAA Division I soccer have been
found to accumulate more seasonal total and match work-
loads throughout a season compared with their reserve
counterparts.18 This finding would suggest that starters
are subjected to higher workloads and thereby would be
expected to incur higher injury rates throughout a compet-
itive soccer season. NCAA Division I reserves do, however,
accumulate slightly more workload in training compared
with starters, although this difference was not significant
when average daily training workloads were assessed,17

Figure 1. Predicted likelihood (95% CI) of incurring a non-
contact injury by the number of previous noncontact injuries
incurred throughout a season.

Figure 2. Predicted likelihood (95% CI) of incurring a
noncontact injury by the day relative to a match. MD-1
through MD-6+ include practice sessions only. MD, match
day; MD-1, 1 day before match; MD-2, 2 days before match;
MD-3, 3 days before match; MD-4, 4 days before match;
MD-5, 5 days before match; MD-6+, 6+ days before match.
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TABLE 2
Association Between Workload Characteristics and Noncontact Injurya

IRR 95% CI P Value

Distance
ACWRTD (per 1-unit increase), au 1.52 1.26-1.83 \.001
MonotonyTD (per 1-unit increase), au 1.51 1.18-1.92 \.001
AcuteTD (per 10-km increase in rolling 7-day sum) 0.93 0.78-1.09 .361
ChronicTD (per 10-km increase in rolling 28-day sum) 0.94 0.90-0.98 .002

HSD
ACWRHSD (per 1-unit increase), au 1.43 1.20-1.71 \.001
MonotonyHSD (per 1-unit increase), au 1.47 0.73-2.97 .285
AcuteHSD (per 1-km increase in rolling 7-day sum) 0.91 0.78-1.05 .180
ChronicHSD (per 1-km increase in rolling 28-day sum) 0.92 0.88-0.97 \.001

aACWR, acute chronic workload ratio; au, arbitrary units; HSD, high-speed distance (.14.4 km h–1); TD, total distance. Incidence rate
ratio (IRR) .1 indicates an increased rate of injury per 1-unit increase. IRR\1 indicates a decreased rate of injury per 1-unit increase. Bold-
face type indicates statistical significance (P \ .05).

Figure 3. Predicted likelihood (95% CI) of incurring a noncontact injury by (A) acute:chronic workload ratio for total distance
(ACWRTD), (B) acute chronic workload ratio for high-speed distance (ACWRHSD), (C) rolling 28-day sum of total distance (Chron-
icTD), and (D) rolling 28-day sum of high-speed distance (ChronicHSD). ACWRTD and ACWRHSD show a U-shaped (quadratic) rela-
tionship with predicted injury likelihood. ChronicTD and ChronicHSD show a linear, negative relationship with predicted injury
likelihood.
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with effect size (ES) differences being small to moderate
(ES, 0.49-0.72) when accumulated seasonal training work-
loads were assessed.18 Although not directly investigated
in this study, the injury likelihood may be influenced by
the interaction between player role and session type,
whereby starters have higher injury rates specifically in
matches and reserve higher rates during training. Further
investigation of this interaction is warranted.

The current investigation identified preseason as a par-
ticularly relevant phase for increased injury rates. This is
to be expected, as previous reports of NCAA Division I
men’s soccer indicated that average preseason workloads
were greater when compared with in-season for both exter-
nal (ie, TD and HSD) and internal (ie, subjective rating of
perceived exertion, high-intensity heart rate time) meas-
ures.17 On average, collegiate male soccer players cover
significantly more TD (+651 m; ES, 0.48) and HSD
(.14.4 km�h–1; +157 m; ES, 0.48) during preseason com-
pared with the in-season phase.17 The direct relationship
between increased volume and intensity of loading and
increased injury rates in the preseason has important
implications for coaches and practitioners, as the primary
purpose of the preseason is to rebuild physical capacities
such as aerobic fitness.52 A study by Eliakim et al25 showed
that increases in VO2max attained during preseason were
nearly eliminated for those players who incurred an injury
during 6 weeks of preseason in Israeli professional soccer
players (0.9% [injured] vs 10.4% [not injured]; P \ .05),
which directly undermines the purpose of the phase. Pre-
ventative considerations are warranted, such as increased

development before preseason, gradually progressing work-
load volume and intensity, and balancing intensified train-
ing with appropriate rest during preseason.

While injury rates were significantly higher in matches
compared with training, more interesting is the structure
of injury rates on training days leading up to a match. As
expected, rates are lowest 1 day before a match where
the session intent, physiologically speaking, is to minimize
fatigue and maximize readiness for the upcoming game.
Indeed, NCAA Division I soccer workloads have been
shown to be significantly decreased 1 day removed from
a match when compared with other training days17; this
has also been shown at the highest level of professional soc-
cer.45 Our results indicate training injury rates are similar
to an ‘‘epi-curve’’ that slowly builds from MD-1 to MD-3,
sharply increases 4 days removed from a match, and
then slowly declines afterward. This is surprising given
that previous research in NCAA soccer has indicated that
there are no differences in either internal or external work-
loads from days 2 to 4, with workloads 5+ days from
a match being significantly higher than all other training
days.17 These results may support a fatigue-related mech-
anism underpinning noncontact injury, or a lag effect,
where injury rates may spike in the day after sessions
with the highest workloads. Important to note is that the
NCAA soccer teams average 1 match approximately every
4 days19; therefore, a larger portion of 4 to 5+ training
days may be incurred during the preseason, which has con-
sistently been shown to produce the highest injury rates.
While this study did not assess the interaction between

TABLE 3
Association Between Chronic Sleep Behavior and Weekly Changes in Sleep and Noncontact Injurya

Seasonal Average Sleep Previous Week Sleep

Measure OR (95% CI) P Value IRR (95% CI) P Value

Sleep duration, h 1.13 (0.87-1.48) .35 1.22 (0.94-1.59) .143
Sleep latency, h 1.12 (0.86-1.46) .40 2.43 (1.03-5.73) .042
Sleep quality (1-5) 0.95 (0.27-3.35) .93 0.59 (0.39-0.88) .009
Calm sleep (1-5) 1.74 (0.46-6.68) .42 0.57 (0.39-0.84) .005
Sleep planned length (1-5) 0.94 (0.45-1.96) .87 0.73 (0.52-1.04) .081
Ease of awakening (1-5) 0.99 (0.53-1.86) ..99 1.10 (0.74-1.64) .642
Ease of falling asleep (1-5) 0.52 (0.19-1.39) .19 0.67 (0.46-0.98) .041
Dream (1-5) 0.99 (0.68-1.44) .98 0.90 (0.67-1.21) .475
Sleep disturbances (count) 1.06 (0.84-1.32) .63 0.95 (0.78-1.14) .572

aOdds ratio (OR) and incidence rate ratio (IRR) .1 indicate a positive association. OR and IRR\1 indicate a negative association. Boldface
type indicates statistical significance (P \ .05).

TABLE 4
Comparison of Previous Sleep Behavior With Seasonal Average for Noncontact Injury (n = 91 Injury Incidences)a

Sleep Measure

Season Avg 1 Night Before 3 Nights Before (Avg) 7 Nights Before (Avg)

Mean (SD) Mean (SD) P Value Mean (SD) P Value Mean (SD) P Value

Sleep duration, h 7.98 (1.15) 7.80 (1.87) .66 7.72 (1.68) .11 7.86 (1.48) .83
Sleep quality (1-5) 3.58 (0.56) 3.54 (0.99) .69 3.53 (0.80) .92 3.57 (0.72) .55

aP values are shown versus the season average (Avg).
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days relative to a match and season phase on injury rates,
this may be a relevant relationship that requires further
investigation.

Previous injury is a well-established risk factor for sub-
sequent injury in soccer.35 Athletes with previous injuries
have been found to have 4 to 7 times greater risk of subse-
quent injury.4 We found not only that the number of previ-
ous injuries was the strongest risk factor (IRR, 2.23) for
injury but also that the relationship was exponential
rather than linear. These findings are important because
subsequent injury risk substantially increases as more
injuries are incurred throughout the season, and therefore
injury prevention measures should accommodate this rela-
tionship. Increased preventative measures (eg, workload
management) should be highly considered for those players
who have sustained multiple injuries throughout a season.

Numerous studies have investigated the influence of
match congestion on injury.5,10-12 Our investigation took
a unique approach by examining overall session congestion
and match congestion. Interestingly, we found overall session
congestion, but not match congestion, to be significantly asso-
ciated with noncontact injury risk. Further, our results indi-
cate that having .1 day off from training and matches in a 7-
day period may be beneficial in reducing injury risk. Previous
works investigating calendar congestion have been inconsis-
tent. Dellal et al21 observed that training injuries during con-
gested time periods were either unaltered or reduced, which
is credited to a decreased training load during highly con-
gested periods. Several studies have approached this ques-
tion by dichotomizing between match recovery periods to
assess relative risk, with some finding no differences between
match recovery periods (\3 days vs .4 days)5,12 and others
finding significantly higher injury rates with less recovery
time (\3 days11,21 or \4 days5,22 vs .6 days). Conflicting
findings are likely the result of contextual factors, such as
individual team periodization structures and coaching philos-
ophies, or differences in analytical approaches taken. Our
results indicate that session congestion, rather than match
congestion, significantly affects injury rates in collegiate soc-
cer and is therefore a critical factor to consider. Prescribing
more rest or recovery sessions to counterbalance the highly
congested match schedule in NCAA Division I soccer may
be an important strategy for improving an athlete’s risk pro-
file throughout a season.

Workload Factors

Our findings are consistent with several others who found
low chronic workload15,38 and ‘‘spikes’’ in workload to be
associated with increased injury risk.15,29,39 Figure 3 (C
and D) displays a clear negative, linear relationship
between chronic workloads (ie, 28-day rolling sum) and
injury likelihood for both TD and HSD. Attaining and
maintaining high chronic workloads appears to be protec-
tive of injury, while low chronic workloads are typically
associated with increased injury risk.38 However, it is
important to note that not all studies support this, as
McCall et al46 found no association between injury risk
and chronic load in a study of 5 professional soccer teams.

While most evidence suggests chronic workloads are
negatively associated with injury incidence, it is likely
that injury risk is affected by complex interactions between
acute and chronic loads. Our findings suggest that injury
risk is elevated when acute loads are below (ACWR, \1)
and exponentially increase when well above chronic base-
lines (ACWR, .2) for TD (Figure 3A) and HSD (Figure
3B). Interestingly, injury risk was lower throughout
a wider range of workload ratios than has been previously
shown based on data from cricket, Australian football, and
rugby leagues (ACWR, 0.8-1.5).30 These differences are
likely attributed to a number of differences in analytical
methods between our research and others. First, this study
investigated daily workload ratio and injury risk in the
subsequent session instead of using average weekly ratios
based on rolling means to assess injury risk in the subse-
quent week. Further, when Carey et al9 split ACWR-injury
analysis by session type (ie, match vs training), they found
noncontact injury likelihood to be lower throughout a wider
range of workload ratios when training injuries were con-
sidered compared with match injuries, with a less steep
curve at increased workload ratios. Because physical and
cognitive stresses are generally higher during a match
compared with training, it makes sense that injury likeli-
hood would also be elevated during a match compared
with training when athletes are exposed at increased
workload ratios. Our results support previous contentions
that injury risk is associated with changes in workload rel-
ative to an athlete’s chronic baseline.9,16,30 Additionally, the
flatness of our ACWR-injury curve throughout a wider
range of workload ratios than previously shown may be
a result of the inclusion of both training and match injuries.

In addition to acute and chronic workloads, we also
investigated the association between workload monotony
and injury risk, which has been previously linked with
overtraining syndrome and increased illness.26 This link
has been supported by Brink et al,8 who found that an
increase in monotony was significantly related to an
increase in injury odds (OR, 2.59; 95% CI, 1.22-1.50). Our
research further supports these findings, highlighting
monotony as an important workload metric to consider
when prescribing training. These findings are important
for coaches because workload metrics such as chronic
workload, ACWR, and monotony can be directly influenced
by the workload periodization structure used and thus are
not as reliant on an athlete’s compliance in comparison
with other preventative measures (eg, sleep strategies, recov-
ery modalities). Ensuring that higher chronic loads are sus-
tained, while introducing adequate load variability and
minimizing acute spikes or lulls in load, is a practical consid-
eration for reducing injury risk when prescribing training.

Sleep Factors

Survey-based research on the adolescent athlete’s sleep
behavior indicates that chronic lack of sleep is associated
with injury risk.48,57 Research by Milewski et al48 found
sleep duration to be a predictor of injury risk in adolescent
athletes, with athletes who slept \8 hours per night being
1.7 times (95% CI, 1.0-3.0; P = .04) more likely to incur an
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injury compared with athletes sleeping .8 hours. Addi-
tionally, von Rosen and colleagues57 found that getting
�8 hours of sleep during weekdays reduced the odds of
injury for adolescent athletes by 61% (OR, 0.39; 95% CI,
0.16-0.99). In contrast, we did not find an association
between chronic sleep behavior and the odds of sustaining
an injury over the course of a collegiate soccer season for
a range of sleep duration and sleep quality measures.
Interestingly, a case study on 3 injuries in 1 elite soccer
athlete indicates that sleep latency and efficiency 1 night
before and 1 week before injury may be compromised in
elite male soccer players.50 In the current study, we inves-
tigated this relationship with 91 separate noncontact inju-
ries and found no disruption in sleep duration or quality in
the night preceding injury or an average of 3 and 7 nights
preceding injury compared with an athlete’s chronic base-
line sleep average. In contrast to the findings of Nédélec
et al,50 our results suggest sleep disruption acutely preced-
ing an injury may not be a normal occurrence. However, to
investigate a potential lag effect of poor sleep characteris-
tics, we also assessed whether poor sleep in a week may
be related to increased injury in the subsequent week.
Indeed, we found aspects of sleep quality but not sleep
duration to be associated with injury risk during the fol-
lowing week. These findings have important implications
for the coach and practitioner. Our results indicate that
although poor sleep may not directly influence injury risk
in the subsequent few days, having a poor week of sleep
may negatively influence an athlete’s injury risk profile
the following week. Sleep hygiene strategies should be rou-
tinely implemented rather than at select instances (eg,
before or after matches), as there may be a lag effect
whereby poor average weekly sleep negatively influences
injury risk in the subsequent week. Additionally, sleep
hygiene strategies focused on creating an environment
conducive to falling asleep and promoting optimal sleep
quality, in addition to efforts to extend sleep duration,
may be more effective in reducing injury risk.

Limitations

Although several injury risk factors were assessed inde-
pendently in this investigation, the degree of interaction
between identified injury risk factors remains unclear.
One of our limitations is that complex interactions are
occurring between factors (eg, preseason is associated
with lower chronic loads, higher ACWR, and higher train-
ing monotony), which cannot be captured by this univari-
ate approach. These interactions can be described as
mediating and moderating effects, which have been dis-
cussed by Windt et al59 in the context of injury cause.
Although identifying complex interactions between risk
factors was beyond the aim of this preliminary investiga-
tion, these associations certainly exist, and several have
been pointed out here. Further investigations examining
the effect of a number of workload, sleep, and contextual
factor interactions on injury risk are needed.

Some previous risk factor studies have elected to use
more conservative injury classifications such as noncontact

injuries leading to time loss46 or even use more conserva-
tive classifications such as injuries leading to matches
missed. There is an inherent paradox whereby the use of
conservative injury definitions may enhance the consis-
tency of the injury record between studies (eg, matches
missed) but incompletely capture the injury burden in
sports. We elected to include all noncontact injuries,
regardless of time loss, which could be viewed as a limita-
tion. It is, however, the authors’ contention that all inju-
ries, regardless of time loss, have the potential to
negatively affect individual and team performance and
therefore deserve consideration when investigating factors
contributing to injury and ultimately designing preventa-
tive strategies. Additionally, in investigating the associa-
tion between previous injury and subsequent injury risk,
we investigate athletes’ risk of injury based on any previ-
ous injury and do not account for the site or nature of
injury. This is a relevant limitation because athletes may
be experiencing recurrent injuries to the same site or
may be incurring injuries as a result of mechanical altera-
tions in gait from a previous injury. The propensity for
incurring injury after a past injury is indeed complex and
warrants detailed investigation of both recurrent injury
risk and the risk that interaction between a previous
injury and altered gait may have on future injury.

While this study was novel in that the same player track-
ing system was used for all teams involved and objective
measures of workload were recorded for all participants,
the investigation focused only on measures of external
workload volume (TD) and intensity (total HSD). Previous
research has shown that injury is associated with subjective
measures of internal workload (ie, session rating of per-
ceived exertion [sRPE]).31,37 Additionally, subjective sRPE
and objective internal workloads (ie, duration of time at
heart rate .70% maximum heart rate) have been shown
to vary based on a number of contextual factors (eg, season
phase and days relative to a match) in NCAA Division I soc-
cer and therefore may also be linked to injury risk.17 We
postulate that investigating internal workloads; accelerom-
etry measures such as accelerations, decelerations, and col-
lisions; and relevant markers of fatigue may offer additional
insight into the relationship between workload and injury.

A further limitation of this study is the lack of objective
measurement of sleep or of activity during sleep. While
several subjective sleep assessment tools have been vali-
dated and are widely used in sports,13 there are several
limitations inherent to subjective assessment of sleep.
First, subjective measures rely on the assumption that par-
ticipants are fully aware of when they fall asleep and wake
up, with research indicating that individuals tend to over-
estimate the amount of sleep they get.43 This has impor-
tant implications for sleep-injury relationships
investigated in this study in that, while items of the KSD
have been shown to be correlated with objective measures
of sleep, we cannot be certain of the accuracy of the
recorded sleep data. Another limitation specific to our
research is the lack of control of when participants
reported their sleep after waking, in which recall accuracy
can be negatively affected as time extends from initial
waking (ie, recall bias). However, it is relevant to note
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that these issues are not isolated to subjective measures,
as actigraphy also tends to overestimate sleep duration,42

often lacks external validation, and can be difficult to
implement on a larger scale (eg, technology and software
licensure cost, data accessibility, and management).
Future research utilizing complementary methods of sleep
assessment (ie, objective and subjective tools) can help bet-
ter define sleep accuracy (eg, sleep/wake patterns, aspects
of sleep quality27), allowing the assessment of sleep-injury
relationships to be more robust.

CONCLUSION

This investigation identified 9 separate noncontact injury
risk factors in collegiate soccer, which include relative
workloads (ACWR), chronic workloads, workload monot-
ony, season type, session type, days relative to a match,
session congestion, sleep latency, and sleep quality. Ath-
letes were at higher risk for noncontact injury during the
preseason compared with in-season and postseason, during
matches compared with training, and when only 1 day of
rest occurred in the previous 7 days compared with .1
day, and injury rates peaked when training occurred 4
days before a match. Further, injury risk increased expo-
nentially with increases in noncontact injury throughout
the season. Chronic sleep behavior was not associated
with noncontact injury during the season, and sleep was
not altered the night before or an average of 3 nights or
7 nights before an injury. Weekly fluctuations in perceived
sleep quality were, however, informative of injury risk in
the subsequent week, suggesting that an athlete’s sleep
the week before may be influencing subsequent injury
risk. Several athlete and schedule-specific contextual fac-
tors combined with characteristics of workload and weekly
sleep behavior are significantly associated with injury in
collegiate soccer.

CLINICAL RELEVANCE

Multiteam prospective cohort studies involving objective
and subjective monitoring allow for the identification of
multiple injury risk factors in sports, which can be used
to guide injury prevention strategies on both a team (eg,
scheduling of training and rest days) and individual (eg,
player workload periodization) level. Maintaining higher
chronic loading, lowering training monotony (increasing
training variability), and minimizing acute spikes or lulls
in loading are all practical load management considera-
tions for reducing injury risk. Our finding of a significant
association between session congestion but not match con-
gestion and injury highlights an important modifiable risk
factor in collegiate soccer. From a scheduling perspective,
injury risk may be reduced by prescribing .1 day off
from on-field team sessions (ie, match and training) in
a 7-day period. Replacing training sessions with rest and
recovery, particularly during match-dense periods, is an
easily implemented strategy for reducing injury risk.
While it is widely understood that injury rates are higher

in matches, coaches should be aware that injury rates dur-
ing training have a nonlinear relationship with days rela-
tive to a match, with injury rates peaking when training
occurs 4 days removed from a match. Further, our results
indicate subjective sleep quality rather than quantity is
associated with injury and negative alterations in sleep
in the previous week may be influencing injury likelihood.
Sleep hygiene strategies may consider focusing on improv-
ing sleep quality rather than sleep quantity to reduce
injury likelihood. Further, efforts to mitigate injury risk
may be bolstered by monitoring aspects of sleep quality,
so that extended periods of poor sleep may be identified
and recovery or load management strategies can be imple-
mented. Developing a multifactorial view is vital for con-
text when trying to understand complex phenomena such
as injury and to develop both team and individual injury
prevention practices.
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