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Objective To establish match injury rates and patterns
in elite female rugby union players in England.

Method We conducted a six-season (2011/2012—
2013/2014 and 2017/2018-2019/2020) prospective
cohort study of time-loss match injuries in elite-level
female players in the English Premiership competition. A
24-hour time-loss definition was used.

Results Five-hundred and thirty-four time-loss injuries
were recorded during 13 680 hours of match exposure.
Injury incidence was 39 injuries per 1000 hours (95%
Cls 36 to 42) with a mean severity of 48 days (95%

Cls 42 to 54) and median severity of 20 days (IQR:
7-57). Concussion was the most common specific injury
diagnosis (five concussions per 1000 hours, 95% Cls 4
to 6). The tackle event was associated with the greatest
burden of injury (615 days absence per 1000 hours
95% Cls 340 to 1112), with "being tackled" specifically
causing the most injuries (28% of all injuries) and
concussions (22% of all concussions).

Conclusions This is the first multiple-season study

of match injuries in elite women's rugby union players.
Match injury incidence was similar to that previously
reported within international women's rugby union.
Injury prevention strategies centred on the tackle would
focus on high-burden injuries, which are associated with
substantial player time-loss and financial costs to teams
as well as the high-priority area of concussions.

INTRODUCTION

Rugby union is a full contact invasion team sport
that is characterised by frequent bouts of high-
intensity activities such as running and sprinting
along with contact events such as tackling, scrum-
maging, rucking and mauling." These physical
demands, and, in particular, the regular exposure
to collisions and physical contact, mean that the
inherent risk of injury in elite men’s rugby union is
considered substantial.*

Rugby Union is played by over 2.7 million
women worldwide accounting for a quarter of the
global playing population, with women competing
under the same rules as their male counterparts
both at community and elite levels.> Despite the
increasing popularity of the women’s game,” * rela-
tively little evidence is available regarding the inci-
dence, risk factors or severity of injuries sustained
by female players during match play. Moreover, in
the studies published to date, the variability in the
adopted methodologies, particularly with regards
to the injury definition, limits the ability to gener-
alise and make cross-study comparisons. A search
of current women’s 15-a-side rugby literature yields
only seven injury surveillance papers examining the
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Despite women accounting for a quarter of the
global playing population, there is relatively
little evidence available regarding the risk of
injury in women’s rugby union match play.

= Most injury prevention strategies are based on
research on the men's game; however, injury
patterns have been shown to differ between
men and women in various other sports.

= For more targeted injury prevention, multiteam,
longitudinal epidemiological studies on female
rugby union players are needed.

WHAT THIS STUDY ADDS

= Match injury incidence was lower than is
reported in the literature for elite men'’s
competitions; however, mean and median
severity of injury were higher.

= Concussion was the most common injury
diagnosis, with the incidence increasing over
the study period.

= The tackle event was associated with the
greatest burden of injury, with ‘being tackled’
specifically causing the most injuries and
concussions.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Provides medical teams with expected injury
rates and severities for professional female
rugby-related injuries, to inform return to play
strategies within clubs.

= Highlights the tackle as a priority area to focus
injury prevention efforts.

= Supports the ongoing efforts to enhance the
recognition, management and prevention of
concussion in women'’s rugby.

incidence of injuries in women’s rugby, with injury
incidence rates varying from as low as 3.6 to 37.5
injuries per 1000 player-hours.”™? Furthermore,
because these studies focus on either single teams or
single seasons, it is difficult to generalise regarding
less frequent injuries because the numbers are small,
and it is not possible to follow trends in injury
patterns.

In rugby union, most injury prevention strat-
egies are based on research on the men’s game;
however, patterns of injuries have been reported to
differ between men and women in sports such as
football,"® handball'* and basketball." In addition,
considering that gendered factors (ie, social and
cultural expectations of what women should be and
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do) present in the training, competition and treatment environ-
ments may influence injury risk factors and contribute to the
different injury patterns observed;'® stronger longitudinal injury
epidemiological studies in female rugby are required for more
focused injury prevention. The aim of this longitudinal study
was to describe the incidence, severity and burden of match inju-
ries in elite adult women’s rugby union. Secondary aims were to
describe injuries in different positional groupings (forwards and
backs) and to describe the type and location of, and game event
responsible for, injuries.

METHODS

Procedures

In each season, all clubs participating in the English Women’s
Premiership (top level of adult female rugby in England) were
invited to take part the study. Complete data, included in this
analysis, were provided by 5/8 clubs in 2011-2012, 7/8 clubs
in 2012-2013, 7/8 clubs in 2013-2014 and 10/10 clubs in
2017/2018,2018/2019 and 2019/2020.

Definitions and data collection

From 2011/2012 to 2013/2014, data were collected using a
paper-based format and then entered into a database by one of
the research team. Based on limited resources in women’s rugby,
it was not possible to continue surveillance from 2014/2015 to
2016/2017, but when the top league of the women’s game in
England was relaunched in the 2017/2018 season, injury data
capture was mandated by the competition governing body.
Injury data from 2017/2018 to 2019/2020 were captured using
an online clinical electronic medical record keeping system,
‘Rugby Squad’ (The Sports Office, UK). All injury data (nature
of injury, location of injury, specific Orchard code diagnosis,
game event associated with injury and days missed due to the
injury) were captured by the teams’ medical personal respon-
sible for diagnosis and treating the injuries. The study adopted
the definitions and methodologies described in the consensus
statement for reporting rugby injuries.'” A time-loss injury was
defined according to the consensus statement as any injury that
results in a player being unable to take a full part in future rugby
training or match play for more than 24 hours from midnight at
the end of the day the injury was sustained."” Injury severity was
defined as the number of days lost from match play or training.'”
Match exposure was calculated as the number of matches played
multiplied by the number of exposed players (15) and the match
exposure time (80 mins). Data capture was managed by two
researchers at the host institution, who validated all reported
match injuries against match report cards completed by match

officials, match exposure against fixture lists and implemented
a quality control process to check for inconsistencies and dupli-
cates in the data.

Data analysis

Player characteristics were calculated as mean=SD. Injury data
were presented as count, proportion and incidence, with injury
incidence calculated as the count of injuries per 1000 player
hours and 95% ClIs using the Poisson distribution. Incidence
was compared using incidence rate ratios (IRR) and p values,
with Holm-Bonferroni adjustments applied to p values to offset
the increased risk of a type 1 error when conducting multiple
comparisons. Significance was set at p<0.05. Trends in injury
types were assessed by comparing the incidence (=95 CIs) to the
combined seasons’ mean=2 SD. Mean severity was calculated as
the total sum of days absent divided by the total count of inju-
ries. Median severity was calculated as the midpoint of the range
of injury severities within the data set with IQR. Injury burden
was calculated as the product of mean severity and incidence
(days absent per 1000 player-match hours) and 95% ClIs. If the
95% ClIs between comparisons did not overlap, it was deemed
that the injury burden comparisons were significantly different.
Significant differences in values for injury incidence for grouped
playing position (comparing backs vs forwards) and between the
individual seasons observed were calculated using two-tailed Z
test for comparison of rates'®; significance was accepted at the
5% level (equal variances assumed), Stata V.16.0 was used for all
statistical analysis."’

RESULTS

Injury incidence

The mean=SD age of backs involved in the study across the
six seasons was 25*2 years and forwards 26+2 years. Signif-
icant differences were observed between forwards and backs
for height (backs 1559 cm vs forwards 16810 cm p<0.001)
and weight (backs 68+2 kg vs forwards 77+2 kg p<0.001). In
total, 13 680 hours (forward 7296; backs 6384) of match play
and 534 injuries (forwards 335; backs 199) were recorded. This
equates to an overall injury incidence of 39 injuries per 1000
hours (95% ClIs 36 to 42), with forwards having a significantly
higher injury incidence (46 injuries per 1000 hours, 95% ClIs 41
to 51) than backs (31 injuries per 1000 hours, 95% Cls 27 to
36, IRR: 1.5 (1.2 to 1.8) p=0.001). There were no significant
differences in injury incidence between seasons (table 1).

Injury severity and burden
A total of 25 649 days were lost from training or match play as
a result of the match injuries sustained during the study period.

Table 1  Number (n), incidence (injuries per 1000 hours), mean severity (days absence), burden (mean days absence per 1000 hours) and median
severity (days absence) of match injuries per season

Season Number Exposure hours Incidence (95% Cl) Mean severity (95% CI)  Burden (95% Cl) Median severity (IQR)
2011/12 48 1380 35 (25 to 46) 54 (31 to 77) 1871 (134210 2609) 24 (6-64)

2012/13 9% 1940 48 (39 to 58) 28 (21 to 38) 1303 (984 to 1727) 17 (6-30)

2013/14 84 1960 43 (34 10 52) 34 (20 to 47) 1444 (107110 1948) 13 (6-34)

2017118 81 2220 36 (29 to 44) 66 (47 to 85) 2404 (1738 to 3326) 35 (11-75)

2018/19 131 3720 35 (29 to 41) 57 (44 to 69) 1993 (1433t02773) 26 (11-76)

2019/20 96 2460 39 (31 to 47) 46 (31 to 61) 1655 (1209 to 2264) 17 (5-58)

Combined 2011/20 534 13 680 39 (36 to 42) 48 (42 to 54) 1819 (1329 to 2489) 20 (7-57)

2011/20 Forwards 335 7296 46 (41 to 51) 50 (42 to 58) 2310 (1729 t0 3084) 20 (6-61)

2011/20 Backs 199 6384 31 (27 to 36)* 44 (35 to 54) 1378 (970 to 1957) 20 (7-46)

*Significant difference between forwards and backs—rate ratio:1.5 p=0.001.
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Table 2 Number (n), incidence (injuries per 1000 hours), mean severity (days absence), burden (mean days absence per 1000 hours) and median

severity (days absence) of match injuries by injury type

Parent injury type Specific injury type Number Incidence (95% Cl) Mean severity (95% CI)  Burden (95% ClI) Median severity (IQR)
Muscle and tendon 175 12.8 (11 to 15)* 28 (22 to 34) 358 (207 to 620) 13 (6-30)
Haematoma/contusion/bruise 83 6.1 (510 8) 16 (11 to 21) 97 (44 to 215) 7 (4-19)
Muscle injury 78 5.7 (5t07) 37 (27 to 48) 211 (93 to 479) 20 (6-48)
Tendon injury 14 1.0 (1to2) 47 (18 to 77) 48 (7 to 334) 28.5 (17-75)
Joint (non-bone) and ligament 164 12.0 (10 to 14)* 73 (57 to 88) 875 (497 to 1541)t 34 (11-79)
Sprain/ligament 135 9.9(8t012) 74 (57 t0 92) 730 (391 to 1363) 33 (12-76)
Lesion of cartilage/meniscus/disc 17 1.2(1t02) 60 (25 to 96) 75 (13 to 433) 38 (14-63)
Dislocation/subluxation 12 09(0to2) 68 (3 to 134) 60 (7 to 484) 12 (6-110)
Brain/spinal cord/PNS 75 55(@to7) 37 (27 to 48) 203 (88 to 469) 20 (9-56)
Concussion 69 5.0 (410 6) 39 (28 to 50) 197 (82 to 471) 20 (11-61)
Nerve/spinal cord injury 6 04(0to1) 21 (7 to 35) 9(0t0178) 6 (6-20)
Bone 36 2.6 (2 to 4) 70 (48 to 91) 184 (55 to 617) 45 (22-112)
Fracture 36 2.6 (2to04) 70 (48 to 91) 184 (55 to 617) 45 (22-112)
Skin 10 0.7(0to1) 15 (4 to 26) 11 (1 to 109) 9 (6-18)
Laceration 10 0.7(0to 1) 15 (4 to 26) 11 (1 to 109) 9 (6-18)
Other 74 54 (4t07) 46 (32 to 60) 249 (107 to 578) 22 (10-60)
Other 70 5.1 (4to 6) 46 (32 to 60) 235 (99 to 560) 24 (10-60)
Visceral 4 03(0to1) 22 (0 to 64) 6 (0 to 241) 11 (8-37)

*Significantly higher incidence than brain/spinal cord/PNS, bone and skin.
tSignificantly higher burden than all other parent injury types.
PNS, peripheral nervous system.

Mean injury severity across the study period was 48 days (95%
CIs 42 to 54) (table 1), with a significantly lower mean severity
of injury in the 2012/2013 season than the 2017/2018 and
2018/2019 seasons. The mean injury burden across the study
period was 1819 days absence per 1000 hours (95% CIs 1329 to
2489), with no significant difference in injury burden observed
between seasons (table 1). There was no significant difference in
the mean severity, median severity and burden of injury between
forwards and backs.

Nature of injury

Across the study period, muscle and tendon and joint (non-bone)
and ligament injuries were the first and second most common
injury types, with both injury types having a significantly higher
incidence of injury than all other parent injury types (p<0.05)
(table 2). Joint (non-bone) and ligament injuries had a signifi-
cantly higher burden of injury than all other parent injury types
(875 days absence per 1000 hours, 95% ClIs 497 to 1541)
(table 2).

Location of injury

Across the study period, there was a significantly higher incidence
of lower limb injuries than any other body region (figure 1), with
injuries to the knee being both the most common (5.2 injuries
per 1000 hours, 95% ClIs 4 to 7) and highest mean severity (102
days, 95% Cls 72 to 131) lower limb injuries.

Considering lower limb injuries, joint and ligament injuries
to the knee (3.1 injuries per 1000 hours, 95% Cls 2 to 4) and
ankle (3.5 injuries per 1000 hours, 95% Cls 3 to 5) were the
most common (online supplemental file 1). Medial collateral
(MCL) (1.1 injuries per 1000 hours, 95% CIs 1 to 2) and ante-
rior cruciate ligament (ACL) (0.4 injuries per 1000 hours, 95%
CIs 0.2 to 1.0) injuries accounted for the highest incidence of
knee injuries and lateral ankle ligament injuries accounted for
the highest incidence of ankle injuries (1.2 injuries per 1000
hours, 95% CI: 1 to 2).

The head/face was the body location with the highest inci-
dence of injury (7.3 injuries per 1000 hours, 95% Cls: 6 to 9).
Of the head/face injuries, 69% were concussions, which equates
to a concussion incidence of 5.0 concussions per 1000 hours
(95% CIs 4 to 6). Concussions most commonly occurred to
players being Tackled (22%), followed by players Tackling
(17%). The incidence of concussion increased from 2011/2012
to 2018/2019; however, there was no significant difference
between seasons (figure 2).

Injury event

Injuries associated with the tackle accounted for 41% of all inju-
ries, with the next most common injury activity being the ruck
(11%). Of the tackle-related injuries, 68% were to the player
being tackled (11.0 injuries per 1000 hours, 95% CIs 9 to 13)
and 32% to the tackling player (5.0 injuries per 1000 hours,
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Figure 1 Incidence (injuries per 1000 hours) of match injuries by
grouped body region. Error bars represent 95% Cls.
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Figure 2

95% Cls 4 to 6). The greatest burden of injury was to the player
being tackled (615 days absence per 1000 hours, 95% CIs 340
to 1112) (figure 3).

DISCUSSION

This is the first prospective longitudinal study of match injuries
sustained by elite women’s rugby union players. The incidence
of match injury was 39 injuries per 1000 hours (95% Cls 36 to
42) and mean severity was 48 days (95% Cls 42 to 54) absence
per injury. Concussion was the most common specific injury
diagnosis, with the incidence of concussion increasing over the
surveillance period. The tackle event was associated with the
greatest burden of injury, with ‘being tackled’ specifically causing
the most injuries and concussions.

Incidence of concussion per season of the surveillance period. Mean=+2 SD. Error bars represent 95% Cls.

Incidence and severity

The incidence of match injuries was similar to the Women’s 2006
and 2010 World Cups (38 injuries per 1000 hours, 95% Cls 28
to 50 and 36 injuries per 1000 hours, 95% Cls 26 to 49, respec-
tively)® % and in Irish amateur women’s rugby (36 injuries per
1000 hours).** Given the limited amount of data available in elite
women'’s rugby, it is useful to make comparisons with men’s rugby,
and the incidence of match injuries was lower than English elite
men’s rugby (87 injuries per 1000 hours).”! The mean severity of
injury (48 days, 95% Cls 42 to 54) was higher than reported in
the English elite men’s competition (25 days, 95% Cls 22 to 28)*!
and in a meta-analysis of elite men’s rugby (mean 26 days, 95%
Cls 14 to 27).” The median severity of 20 days was also higher
than values reported in elite men’s rugby (range 5-12 days).*!
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absence per injury)

Injury burden as a function of activity causing injury for the seasons 2011/12-2019/20. The y-axis represents incidence (number per

1000 hours) while the x-axis represents mean severity (days absence).”’ Green line: values to the left and below represent the under the 25th burden
percentile, these are low-risk injuries. Orange line: values to the left and below represent the under the 50th burden percentile, these are low-medium
risk injuries. Red line: values to the left and below represent the under the 75th burden percentile, these are medium—high-risk injuries. Values to the

right and above the red line are the most high-risk injuries.
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One possible explanation for the lower injury incidence
compared with the equivalent male playing population may be
anatomic and physiological differences between sexes.”? ** It is
also possible that female players may have lower levels of speed
and power than male players, which may reduce the forces, and
subsequent injury risk, encountered during a tackle event.”* %
Alternatively, although competing at the professional level, many
of the women’s clubs operate most similarly to amateur men’s
clubs, with medical staff typically only available during training
and on match days.*® The relatively infrequent contact between
medical staff and players may result in minor injuries being
missed or undiagnosed and, thus, under-reporting of these minor
injuries may, in part, contribute to the lower injury incidence
observed. This relatively infrequent contact may also contribute
to the higher injury severity observed as players have less access
to treatment and rehabilitation.”® Players are also likely to have
time constraints on rehabilitation activities as they balance
these with normal day-to-day employment. In contrast, profes-
sional male players’ predominant employment is typically with
their rugby club allowing them greater focus on rehabilitation,
with increased contact with club medical staff. It is also worth
mentioning that the gendered context of familial and domestic
responsibilities, which are often greater for women than for
men, and may create constraints on rehabilitation time.'®

Lower limb injuries

Lower limb injuries are commonly reported in the literature on
rugby injuries.” The current study recorded a significantly higher
incidence of lower limb injuries than any other body region, with
injuries to the knee and ankle being the primary contributors to
this. The knee was the most frequently injured lower limb loca-
tion, with MCL injuries accounting for the greatest proportion
(35%, n=15) of all knee injuries. This is perhaps unsurprising
given that MCL injuries are frequently associated with cutting
movements and direct valgus force to the lateral knee joint,
which are both common events in rugby union.?” The incidence
of ACL injuries observed in this study (0.4 per 1000 hours) is
lower than those reported in Irish amateur Women’s rugby (0.8
per 1000 hours); however, the average severity of 288 days is
within the range observed in professional men’s rugby.”® The
short-term and medium-term outcomes for individuals following
reconstructive ACL surgery or conservative management are
mixed, with as many as 38% of both male and female athletes
not returning to sport at their preinjury level 2-7 years postsur-
gery.” The long-term health consequence of these injuries is also
important, with as many as 87% of ACL injuries, resulting in
post-traumatic osteoarthritis.*® ACL injuries may represent just
a small proportion of the total number of injuries sustained, but
from a player well-being and availability perspective, these are
injuries for which effective injury prevention strategies are likely
to offer a significant benefit.

Concussion

Concussion was the most common specific injury (ie, reflecting
both location and type of injury) diagnosis across the study
period, with an incidence of five concussions per 1000 hours
(95% ClIs 4 to 6), which is similar to Irish amateur women’s
rugby (six concussions per 1000 hours, 95% ClIs 5 to 7).%° The
incidence of concussion increased over the study period, which
reflects findings in other elite rugby settings*' *!; however, it
remained lower than the concussion incidence reported in elite
men’s rugby in England (nine concussions per 1000 hours, 95%
CIs 9 to 10).*' Female athletes have previously been reported

to be more susceptible to sport-related concussions and expe-
rience worse outcomes when compared with male athletes,*
and so the context of evolving concussion identification over
the study period may be important. It has been highlighted that
structural and operational changes relating to the recognition
of concussion implemented in the men’s game, such as in-game
assessment of the head injury assessment protocol, real-time
pitch-side video review for head injury events and the introduc-
tion of independent match day doctors, have contributed to the
increase in reported concussion incidence.®*** During the three-
season data gap, protocols for improved postmatch identifica-
tion of concussion were introduced in the elite women’s game
in England, which may partly explain the increase in concussion
incidence in the present study; however, the structural and oper-
ational changes described above for the men’s game were not
introduced in the women’s game until after the period of this
study. It will be interesting to see how this trend develops in
future seasons as concussion recognition and management poli-
cies evolve in the women’s competition to be more reflective of
those in the men’s competition.

While the incidence reported in this study was lower than in
the equivalent men’s competition, the average severity of 39
days (95% ClIs 28 to 50) is higher than the men’s reported 15
days (95% ClIs 14 to 16).*! This is in line with evidence that
female athletes experience worse outcomes,*” but data related to
symptom profile and duration were not collected in this study,
and days missed postconcussion provide only limited insight
into the recovery of players. Nevertheless, female-specific head
impact kinematics, physical and physiological characteristics and
hormonal effects have been proposed as explanations for the
prolonged concussion-related symptoms observed in women.***

The tackle

The tackle event, specifically being tackled, was associated with
the greatest burden of injury, which is in accordance with the
equivalent elite-level male competition. It is suggested that
injury prevention strategies should target the areas of the game
associated with the greatest injury burden as these incur substan-
tial costs to teams both financially and due to time lost from
participation.®® Studies conducted in elite male rugby have found
poor contact technique to be a risk factor for injury, with more
proficient tackling and ball-carrying technique found to reduce
the risk of injury in the tackle event.”™? Given that women’s
rugby is less established than the men’s game, it is possible
that tackle technique is less developed in some players due to
their level of experience. Research has found that female rugby
players experienced more injuries caused by whiplash mecha-
nisms of contact with the ground during the tackle than their
male counterparts.*’ The findings in our study, which show that
all injuries, including concussions, are most frequently caused
by ‘being tackled’, provides support for additional research into
the postulated whiplash processes from both a concussion and
general injury prevention standpoint. While female-specific
rugby research continues to develop, it is recommended that
injury prevention strategies should incorporate skills training
aimed at developing and improving tackle technique.*' **

In 2014, a global law change was introduced to the scrum
engagement process, which requires the props to bind with the
opposition before the players engage in an effort to reduce the
forces on impact.*” The introduction of this law change occurred
during the three-season gap in data collection of this study
meaning that the first three seasons of data collection were under
different scrum laws to the latter three seasons commencing

Starling LT, et al. Br J Sports Med 2023;57:212-217. doi:10.1136/bjsports-2022-105831

50f 7

"1ybuAdoo Aq paroalold 1sanb Aq £202 ‘2z Ydteln uo jwod fwg wslg//:dny wol) papeojumoq "2z0z JoquSAoN GZ Uo TE8SOT-220Z-s1Hodslg/oeTT 0T se paysiignd 1si1 :paN suods  ig


http://bjsm.bmj.com/

Original research

in 2017/2018. Despite the change in scrum laws, no signifi-
cant changes in injury rates in the scrum were observed. The
2017/2018 season also saw the women’s competition operating
as a more professional league, having a clear set of competition
minimum standards that include reference to governance and
finance, player eligibility, registration requirements and player
welfare, including minimum requirements for medical cover at
matches and training.** Although the league is classified as more
professional for the 2017-2020 period than the 2011-2014, it
would still be classified as semiprofessional in comparison to the
professional male league. The increased professionalism of the
competition has not resulted in any significant changes in overall
injury rates.

Limitations

Although this manuscript aims to describe match injuries in
the elite female rugby population, the authors acknowledge
that training exposure and training injuries, which have not
been addressed in this manuscript, will have had an impact on
players and the match injury data presented. We acknowledge
that changing from a paper-based to a web-based platform for
data collection and transitioning from a three-digit Orchard
code (OSICS-8) to a four-digit code (OSICS-10) may have had
an effect on data recording. Consistency between seasons was
supported by aligning with the consensus statement for injury
surveillance in rugby union throughout the surveillance period.'”

CONCLUSION

This is the first multiple-season study of match injuries in elite
women’s rugby union players. The incidence of injury was
similar to those previously reported for women’s international
match play; however, lower than the elite men’s competition.
Both the mean and median severity of injury were higher than
those reported in elite men’s rugby. Concussion was the most
common injury diagnosis, with the incidence of concussion
increasing over the study period. The tackle event was asso-
ciated with the greatest burden of injury, with ‘being tackled’
specifically causing the most injuries and concussions. Injury
prevention strategies centred on the tackle would focus on high-
burden injuries, which are associated with substantial financial
and time-loss costs to teams as well as the high-priority area of
concussions.
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