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Sport-Related Concussion

Linear Acceleration in Direct Head Contact Across
Impact Type, Player Position, and Playing Scenario in
Collegiate Women’s Soccer Players
Lindsey C. Lamond, MS*; Jaclyn B. Caccese, PhD*;
Thomas A. Buckley, EdD, ATC*; Joseph Glutting, PhD†;
Thomas W. Kaminski, PhD, ATC, FNATA, FACSM*
Context: Heading, an integral component of soccer, exposes athletes to a large number of head impacts over a career.
The literature has begun to indicate that cumulative exposure
may lead to long-term functional and psychological deficits.
Quantifying an athlete’s exposure over a season is a first step in
understanding cumulative exposure.
Objective: To measure the frequency and magnitude of
direct head impacts in collegiate women’s soccer players across
impact type, player position, and game or practice scenario.
Design: Cross-sectional study.
Setting: National Collegiate Athletic Association Division I
institution.
Patients or Other Participants: Twenty-three collegiate
women’s soccer athletes.
Main Outcome Measure(s): Athletes wore Smart Impact
Monitor accelerometers during all games and practices. Impacts
were classified during visual, on-field monitoring of athletic
events. All direct head impacts that exceeded the 10g threshold
were included in the final data analysis. The dependent variable
was linear acceleration, and the fixed effects were (1) type of
impact: clear, pass, shot, unintentional deflection, or head-to-

head contact; (2) field position: goalkeeper, defense, forward, or
midfielder; (3) playing scenario: game or practice.
Results: Shots (32.94g 6 12.91g, n ¼ 38; P ¼ .02) and
clears (31.09g 6 13.43g, n ¼ 101; P ¼ .008) resulted in higher
mean linear accelerations than passes (26.11g 6 15.48g, n ¼
451). Head-to-head impacts (51.26g 6 36.61g, n ¼ 13; P ,
.001) and unintentional deflections (37.40g 6 34.41g, n ¼ 24; P
¼ .002) resulted in higher mean linear accelerations than
purposeful headers (ie, shots, clears, and passes). No differences were seen in linear acceleration across player position or
playing scenario.
Conclusions: Nonheader impacts, including head-to-head
impacts and unintentional deflections, resulted in higher mean
linear accelerations than purposeful headers, including shots,
clears, and passes, but occurred infrequently on the field.
Therefore, these unanticipated impacts may not add substantially to an athlete’s cumulative exposure, which is a function of
both frequency and magnitude of impact.
Key Words: repetitive head impacts, subconcussive head
impacts, impact exposure, concussions

Key Points




Nonheader impacts resulted in higher mean linear accelerations than purposeful headers but occurred infrequently
on the ﬁeld.
No differences were observed in peak linear accelerations across player position.
Head accelerations did not differ between games and practices.

O

n average, a female collegiate soccer player
experiences 2 to 7 head impacts during a game
and 2 to 4 head impacts during a practice,1–3
thereby accumulating hundreds of impacts over a season
and thousands over a career.4 Soccer heading is usually
unremarkable in that it does not present with the typical
signs and symptoms of concussion; thus, many experts have
referred to soccer headers as subconcussive head impacts.5
The repetitiveness and frequency of these subconcussive
head impacts have raised concerns that heading may put
players at increased risk for long-term neurologic deﬁcits,
such as cognitive impairments, functional changes in the
brain, and increases in biochemical markers of brain
damage.5,6 However, the association between soccer
heading and neurologic deﬁcits is controversial; a number

of studies described as showing impairments in brain
function had various methodologic shortcomings and often
included only active and former professional male soccer
players.5 Understanding the frequency and magnitude of
head impacts in women’s collegiate soccer players will
provide more information regarding the cumulative exposure for an understudied population and may elucidate ways
to mitigate head-impact exposure and increase sport safety.
Cumulative exposure is a function of both the number
and magnitude of impacts. Greater cumulative exposure has
been associated with cognitive decline,4,7 microstructural
white matter brain changes,4,7 vestibular and ocular
functional deﬁcits,8–10 and later-life cognitive, behavioral,
and mood impairments.11 Montenigro et al,11 for example,
showed a dose-response relationship between the cumulaJournal of Athletic Training
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METHODS
Study Participants

Twenty-four National Collegiate Athletic Association
Division I women’s soccer student-athletes provided
written informed consent (IRB #500033-2) to participate
in this study before the start of their fall 2015 season. One
athlete was removed from the study because of a seasonending injury, resulting in 23 student-athletes (age ¼ 19.7
6 1.2 years, height ¼ 168.3 6 4.2 cm, mass ¼ 62.0 6
4.5 kg) who completed the study. All participants were
members of the women’s soccer team and at least 18 years
of age by the start of the season. Participants were excluded
from a day’s data collection if they were not active in that
session, if they did not wear their headbands, or if they
removed the headband during play and did not put it back
on. A history of concussion did not exclude an athlete from
data collection. Participants included in the analysis
represented all playing positions (goalkeepers [3]), defenders [3], forwards [6], and midﬁelders [11]), and each
participant was categorized by her most frequently played
position.
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Instrumentation

The Smart Impact Monitor (SIM; ﬁrmware version 3.7;
SIM-G, version 3.3; AP, version 0.9.150413; software,
Triax Technologies, Norwalk, CT) was used to quantify
head acceleration. The SIM contains a low-g and high-g
triaxial accelerometer to measure linear accelerations and a
gyroscope to measure the rotational velocity of the head.
Linear accelerations measured by the SIM are transformed
to the estimated center of gravity (CG) of the head through
proprietary manufacturer software using the following
transformation equation:
!



: 
:
::
!
!
aCG ¼ aSIM þ h 3 d þ h 3ð h 3 d Þ
!

!

where aCG is the linear acceleration of the
head CG, aSIM is
!
the linear acceleration of
the
SIM,
is
the rotational
ḧ
!
acceleration
of the head, ḣ is the rotational velocity of the
!
head, and d is the estimated distance vector from the SIM
to the head CG based on the 50th-percentile male, which is
consistent with other accelerometer technologies.18 The
authors of 2 validation studies have reported (1) the ability
of the SIM to count the number of impacts with a peak
resultant linear acceleration of 20g19 and (2) the accuracy of
the SIM.20 The SIM was able to detect both short- (eg, 5millisecond head-to-head or head-to-ground contact) and
long-duration (eg, 40-millisecond ball-to-head contact)
impacts.19 Peak linear acceleration did not differ between
an instrumented headform and the SIM at 30g or 50g, but at
80g, the SIM tended to overestimate the peak linear
acceleration.20 In addition to comparisons at each of the 3
energy levels, correlation coefﬁcient results showed a
strong positive relationship between the instrumented
headform and the SIM for peak linear acceleration, with
the Pearson r . 0.9.20 Our SIM’s threshold was set to 10g,
which is consistent with previous head-impact biomechanics research, including several soccer head-impact–exposure studies.3,14,21
Each participant was assigned a SIM and a custom
headband (Figure 1A) and was instructed on how to
properly position the SIM. The headband, once ﬁtted with
the SIM, was positioned around the nuchal line, consistent
with the manufacturer’s recommendations (Figure 1B), and
headband placement was veriﬁed by the research team at
the start of each game or practice. During games and
practices, the SIM-G recorded impacts and uploaded them
to a cloud database, where the data underwent preliminary
ﬁltering to remove those impacts that the SIM-G did not
detect as true impacts.
Procedures

During each game and practice, up to 4 researchers
visually observed impacts on the ﬁeld and manually
recorded them on the sideline. Any impacts that were not
visually observed on the ﬁeld or were not direct head
impacts were removed. At the end of each game or practice,
all impacts recorded by the SIMs were downloaded and
categorized by (1) impact type (Table 1), (2) player position
(goalkeeper, defense, forward, midﬁeld), and (3) playing
scenario (game, practice). Impact data were ﬁltered to
remove all impacts that occurred before the start or after the
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tive head-impact index and the risk for later-life cognitive
impairment, self-reported executive dysfunction, depression, apathy, and behavioral dysregulation. In an attempt to
determine which modifying factors inﬂuence head-impact
magnitude, multiple researchers have measured on-ﬁeld
impacts during American football competition and practice,12 but only recently have investigators quantiﬁed head
acceleration in soccer. Authors of head-impact biomechanical studies in soccer reported that cumulative exposure was
greater in collegiate female players than in high school
female players,2 headers from goal kicks and punts were of
greater magnitude than those during other strategic
scenarios,13 unanticipated head impacts led to greater head
accelerations than purposeful headers,3,14 and comparisons
of practices versus games and player positions varied across
teams depending on the style and level of play.3,15
However, how head accelerations differ across type of
header and how the type of header contributes to
cumulative exposure are unknown. In soccer, purposeful
heading can be used to pass, clear, or shoot the ball, and
understanding how head accelerations differ across these
types of headers may allow athletes to limit those that result
in the highest cumulative acceleration (ie, frequency 3
magnitude). A laboratory-based study16 using controlled
ball projections indicated that head accelerations differed
by the type of header. Similarly, in another laboratorybased study,17 investigators found that various unintentional impacts, such as upper extremity-to-head and head-tohead contacts, differed in head acceleration. Therefore, the
purpose of our study was to compare the frequency and
magnitude of head impacts in National Collegiate Athletic
Association Division I women’s soccer athletes by impact
type, player position, and playing scenario in an attempt to
better understand the cumulative exposure of these athletes
over the course of 1 season. Consistent with Withnall et
al,17 we hypothesized that head-to-head contacts would
result in the highest linear accelerations. Furthermore, we
compared player positions and games versus practices,
because previously reported data were contradictory.

end of the game or practice. One athlete-exposure (AE)
represented 1 individual participating in 1 athletic session
(game or practice).
Statistical Analysis

All direct head impacts that exceeded the 10g threshold
and were visually veriﬁed on the sideline during both
games and practices were included. Indirect impacts, such
as body contacts and hard cutting, were excluded because
of the difﬁculty of visual veriﬁcation both on the ﬁeld and
during video analysis. Data were analyzed using a
multilevel linear model. Multilevel models typically
include both random and ﬁxed effects.22,23 The dependent
variable was linear accelerations, and the number of
impacts served as a random effect (intercept). All ﬁxedeffects predictors were on the nominal level of measurement and were dummy coded. The ﬁxed-effect predictors
were (1) type of impact: clear, pass, shot, unintentional
deﬂection, or head-to-head contact; (2) ﬁeld position:
goalkeeper, defense, forward, or midﬁelder; and (3) playing
scenario: game or practice. Regression coefﬁcients were
modeled using the maximum likelihood estimation with
variance components as the variance-covariance error
structure. Signiﬁcance was deﬁned a priori at P , .05.

Reliability analyses were also conducted for both visual
veriﬁcation (total number of impacts) and sideline classiﬁcation (type of impact). These were completed using ﬁlms
from 5 games, which were reviewed by 2 researchers.
Intrarater agreement compared each rater with the real-time
observed data. Interrater agreement compared the 2 raters
using game video only. For intrarater agreement, intraclass
correlation coefﬁcients were converted to Fisher Z scores,
averaged, and then converted back to intraclass correlation
coefﬁcients. Reliability analyses revealed that visual
veriﬁcation of impacts resulted in strong interrater (0.99)
and intrarater (0.97) agreement. Sideline classiﬁcation of
impacts resulted in poor interrater (0.32) and moderate
intrarater (0.64) agreement.
RESULTS

Twenty-three student-athletes completed the study,
resulting in 961 AEs in the ﬁnal analysis across 1 season
of play (Figure 2). The SIMs recorded 10 270 impacts
during play; 627 of these impacts (6.1%) were visually
veriﬁed as direct head impacts by researchers and included
in the ﬁnal data analysis (Figure 3). An additional 59
impacts were visually observed and recorded by the
researchers but were not recorded by the SIM. These

Table 1. Definitions for Impact Type
Type of Contact
Header

Type of Impact
Clear
Pass
Shot

Nonheader

Unintentional deflection
Head to head

Description
A deflection of the ball with no goal of gaining control simply to get the ball out of the area. Used
mostly by defensive and midfield players on the defensive side of the field.
Trying to gain control of the ball through heading by either trapping or passing to a teammate. Used
mostly by midfielders and forwards in the upper defensive and offensive sides of the field.
Heading the ball with the intention of scoring a goal. Used mostly by forwards and occurs within the
goal box on the offensive side of the field.
A head impact with the ball that was unexpected.
A collision with another’s head (opponent, official, or teammate).
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Figure 1. Smart Impact Monitor (ﬁrmware version 3.7; SIM-G, version 3.3; AP, version 0.9.150413; software, Triax Technologies, Norwalk,
CT) with A, custom headband, and B, placement of the headband on the head.
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Figure 2. Flow chart of athlete-exposures excluded and included
in ﬁnal analysis. a Firmware version 3.7; SIM-G, version 3.3; AP,
version 0.9.150413; software, Triax Technologies, Norwalk, CT.

impacts may have fallen below the 10g threshold or may
not have been recognized as head impacts by the SIM.
Head-to-ground, upper extremity-to-head, and lower extremity-to-head contacts were omitted because of the small
number of occurrences. Descriptive statistics for the season
are presented in Table 2.
Type of Impact

The ﬁxed effects are presented in Table 3 and are
represented by unstandardized b coefﬁcients. The unstandardized coefﬁcients describe how well each predictor
(type of impact) estimates the dependent variable (peak
linear acceleration) after controlling for all other predictors
in the analysis. Shots (32.94g 6 12.91g, P ¼ .02) and clears
(31.09g 6 13.43g, P ¼ .008) resulted in higher mean linear
accelerations than passes (26.11g 6 15.48g). Head-to-head
impacts (51.26g 6 36.61g, P , .001) and unintentional
deﬂections (37.40g 6 34.41g, P ¼ .002) resulted in higher
mean linear accelerations than purposeful headers (ie,
118
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Figure 3. Flow chart of impacts recorded and analyzed according
to exclusion and inclusion criteria.

Table 2. Descriptive Statistics of Impacts
g
Scenario

No.

Minimum

Maximum

Median

Mean 6 SD

25th Quartile

75th Quartile

Impacts per 10
Athlete-Exposures

Season
Games
Practices

627
443
184

10.16
10.63
10.16

160.60
102.23
160.60

23.28
24.57
20.83

28.28 6 17.35
29.29 6 18.06
25.85 6 15.19

15.82
14.34
16.28

35.39
30.96
36.54

6.7
16.9
2.6

shots, clears, and passes). Impacts per 10 AEs were
compared using rate ratios and are presented in Table 3.
Player Position

We found no differences in peak linear acceleration
across player position (Table 4). Goalkeepers experienced
only 4 head impacts, all unintentional deﬂections, over the
course of the season. Impacts per 10 AEs were compared
using rate ratios and are presented in Table 4.

Peak linear accelerations did not differ between games
(29.29g 6 18.06g) and practices (25.85g 6 15.19g, P ¼
.09; Table 5). Of the 627 impacts recorded, 443 (71%)
occurred during games. Impacts per 10 AEs were compared
using rate ratios and are presented in Table 5.
Interaction Effects

We explored all possible 2-way interaction effects. The
only signiﬁcant interaction effect was pass 3 games versus
practices (P ¼ .004), whereby passes during games resulted
in greater head accelerations.
DISCUSSION

Understanding the frequency and magnitude of various
types of purposeful headers and unanticipated head impacts
may reveal ways to mitigate the cumulative exposure and
increase soccer athletes’ safety. Our primary ﬁnding was
that nonheader impacts, including head-to-head impacts
(51.26g 6 36.61g, n ¼ 13), and unintentional deﬂections
(37.40g 6 34.41g, n ¼ 24) resulted in greater mean linear
accelerations than purposeful headers, including shots
(32.94g 6 12.91g, n ¼ 38), clears (31.09g 6 13.43g, n ¼
101), and passes (26.11g 6 15.48g, n ¼ 451). These
ﬁndings are consistent with those of Hanlon and Bir,14 who
reported that, at the youth level, nonheader impacts (22.3g)
resulted in higher linear accelerations than purposeful
headers (20.4g). At the collegiate level, Press and Rowson3
observed that headers resulted in a linear acceleration of

Table 3. Means, Medians, and Results of Fixed Effects From Mixed Linear Model for Type of Impact (N ¼ 627 Impacts)

Predictor
Intercept
Header impact

Nonheader impact

Value or Coding
Pass
Clear
Shot
Head to head
Unintentional deflection

No.
451
101
38
13
24

Impacts per 10
Athlete-Exposures
(Rate Ratio)
4.7
1.1
0.4
0.1
0.3

(1.00)
(0.23)
(0.09)
(0.02)
(0.06)

Median, g
20.80
29.71
29.97
35.34
22.74

Mean 6 SD, g
26.11
31.09
32.94
51.26
37.40

6
6
6
6
6

15.48
13.43
12.91
36.61
34.41

95% Confidence
Interval, g

b (SE)a

P Value

25.79 (1.12)
Reference
4.96 (1.85)
6.86 (2.87)
23.50 (4.65)
10.96 (3.49)

,.001b
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24.67,
28.44,
28.70,
29.13,
22.87,

27.54
33.75
37.19
73.38
51.93

.008b
.02b
,.001b
.002b

Abbreviation: SE, standard error of the unstandardized coefficient.
a
b, unstandardized b coefficient.
b
Indicates difference (P , .05).
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Playing Scenario

25g 6 17g and nonheaders resulted in an average range of
20g to 35g, though this difference did not reach statistical
signiﬁcance. In addition, we noted large standard deviations
within each header type (50%–100% of the mean
magnitude of impact), suggesting that other factors, such
as ball speed, neck strength, technique, and anthropometric
properties, inﬂuenced linear acceleration during soccer
heading.24
Although nonheader impacts, including head-to-head
impacts and unintentional deﬂections, resulted in higher
mean linear accelerations than purposeful headers, including shots, clears, and passes, nonheader impacts occurred
infrequently (4%, rate ratio ¼ 0.06) on the ﬁeld. Therefore,
these unanticipated impacts may not add substantially to an
athlete’s cumulative exposure, which is a function of both
frequency and magnitude of impact. Combined, head-tohead impacts and unintentional deﬂections accounted for
1639g (71.3g per athlete over the course of the season),
which was less than 10% of the cumulative exposure.
Conversely, passes (72% of all impacts), which had the
lowest magnitude of impact, accounted for two-thirds of the
cumulative exposure (511.7g per athlete over the course of
the season). Lipton et al4 demonstrated white matter
changes and poorer cognitive function in soccer players
who self-reported an estimated .1800 headers over the
previous year and suggested that repetitive heading was
associated with these changes. However, they deﬁned
cumulative exposure only by the number of head impacts
and did not include impact magnitude. Our data suggest
that in women’s collegiate soccer, the number of headers
may serve as a surrogate for cumulative exposure, because
cumulative head acceleration was driven largely by heading
frequency, as opposed to impact magnitude.
Previous comparisons of games versus practices and of
player positions were inconclusive and varied across teams
depending on the style and level of play3,15 and coaching
philosophies. For example, the number and intensity of
heading-related practice drills would substantially inﬂuence
practice exposure. The team we studied did not participate
in any heading drills during the season, so it is not
surprising that we reported 16.9 head impacts per 10 AEs in

Table 4. Means, Medians, and Results of Fixed Effects From Mixed Linear Model for Player Position (N ¼ 627 Impacts)

Predictor
Intercept
Position

Value or Coding
Goalkeeper (n ¼ 3)
Forward (n ¼ 6)
Defense (n ¼ 3)
Midfield (n ¼ 11)

Impact per 10
Athlete-Exposures
(Rate Ratio)

No.
4
84
173
366

0.3
5.5
12.2
8.5

(0.04)
(0.65)
(1.44)
(1.00)

Median, g
28.65
22.27
24.44
23.28

Mean 6 SD, g
36.42
25.91
27.80
28.28

6
6
6
6

20.49
14.42
16.91
18.08

95% Confidence
Interval, g
3.81,
22.78,
25.27,
27.10,

69.02
29.04
30.34
29.64

b (SE)a

P Value

28.18 (1.54)
8.69 (8.92)
1.66 (2.93)
0.41 (2.81)
Reference

,.001b
.33
.58
.89

Abbreviation: SE, standard error of the unstandardized coefficient.
a
b, unstandardized b coefficient.
b
Indicates difference (P , .05).

of cumulative exposure on concussion risk and long-term
risk.
Over the course of this study, 10 270 total impacts were
recorded by the head accelerometers during play. A total of
627 direct head impacts were visually veriﬁed and included
in the data analysis, leading to a 6% inclusion rate. This is a
substantial limitation of head-accelerometer technologies in
general, as noted by Press and Rowson,3 who visually
observed 1463 of the 17 865 total impacts recorded (an 8%
inclusion rate), and it highlights the need for visual
veriﬁcation in head-impact–exposure studies. However,
poor sideline interrater reliability (0.32) reﬂects disagreement among raters as to the type of impact. To reiterate, the
main ﬁnding of our study was that nonheader impacts
resulted in higher mean linear accelerations than purposeful
headers but occurred infrequently on the ﬁeld. Misclassiﬁcations of impacts occurred almost exclusively across
types of purposeful headers (ie, shots, passes, and clears).
Therefore, we do not believe that these misclassiﬁcations
negate the conclusions presented herein.
We used the SIM, whereas other investigators have used
different accelerometer technologies, such as the xPatch
sensor (X2; Biosystems Inc, Seattle, WA)3,21 and the HIT
system (Simbex, Lebanon, NH).14 Different accelerometer
technologies have different associated errors,25,26 and thus,
we must be cautious when comparing studies. Cummiskey
et al26 evaluated 4 head-impact accelerometers (the HIT
system, Shockbox [i1 Biometrics, Kirkland, WA], SIM, and
xPatch) for their ability to detect impact, linear acceleration, and location. Of the 140 impacts delivered during
testing, the SIM recorded all 140, with a root mean square
error ranging from 12.97% to 74.68% depending on the
location of the impact. Although the SIM recorded 100% of
the controlled impacts in the laboratory, many extraneous
impacts were recorded on the ﬁeld, and 59 impacts were not
registered by the SIM at all. This suggests that the exposure
rate may be slightly (,2.5 impacts per player per season)
higher than reported. Finally, Wu et al25 demonstrated
larger errors with tight-ﬁtting elastic cap accelerometers

Table 5. Means, Medians, and Results of Fixed Effects From Mixed Linear Model for Playing Scenario (N ¼ 627 Impacts)

Predictor
Intercept
Playing scenario

Value or Coding

No.

Impact per 10
Athlete-Exposures
(Rate Ratio)

Game (n ¼ 20)
Practice (n ¼ 43)

443
184

16.9 (6.50)
2.6 (1.00)

Abbreviation: SE standard error of the unstandardized coefficient.
a
b, unstandardized b coefficient.
b
Indicates difference (P , .05).
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Median, g

Mean 6 SD, g

95% Confidence
Interval, g

b (SE)a

P Value

24.57
20.83

29.29 6 18.06
25.85 6 15.19

27.60, 30.97
23.64, 28.06

26.14 (1.51)
2.66 (1.57)
Reference

,.001b
.09
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games and 2.6 head impacts per 10 AEs in practices, a 6.5fold greater exposure to subconcussive impacts in games
than in practices. No difference was evident in overall peak
linear acceleration between games (29.29g 6 18.06g) and
practices (25.85g 6 15.19g), possibly because most headers
observed during practices occurred during intrateam
scrimmages and were similar to those headers observed
during games. In addition, we found that defenders (12.2
impacts per 10 AEs) and midﬁelders (8.5 impacts per 10
AEs) had the highest numbers of impacts, but headacceleration magnitude did not differ across player
position. A longitudinal study evaluating a variety of teams
at a variety of levels of play is needed to identify the true
differences in cumulative exposure across games, practices,
and player positions.
We focused largely on cumulative exposure to repetitive
head impacts during 1 season of collegiate women’s soccer.
Cumulative exposure, which can be deﬁned as a function of
frequency and magnitude of impact, has been associated
with cognitive decline,4,7 microstructural changes in brain
white matter,4,7 vestibular and ocular functional deﬁcits,8–10
and later-life cognitive, behavioral, and mood impairment.11 However, it is still unclear if concussion risk and
long-term risk can be quantiﬁed by cumulative exposure. In
other words, we do not know if cumulative exposure puts
an individual at greater risk for long-term problems than
sustaining a single high-magnitude impact. However,
Montenigro et al11 showed a dose-response relationship
between the cumulative head-impact index and the risk for
later-life cognitive impairment, self-reported executive
dysfunction, depression, apathy, and behavioral dysregulation. The cumulative head-impact index was calculated
from a combination of years of athletic exposures in
football and estimated head impacts received per season,
based on data from published helmet-accelerometer studies
that provided the frequency of head impacts per season by
position and level of play.11 These exploratory ﬁndings
suggest that more research is needed regarding the effects
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than with instrumented mouth guards and mastoid process
attachments; however, validation studies suggested that the
SIM measured no difference in reported peak linear
accelerations from an instrumented headform at 30g or
50g.20 At 80g, the SIM overestimated peak linear
accelerations. This is a limitation, but only 10 of the 627
impacts (1.6%) we recorded were greater than 80g.
Although head impacts in American football players have
received considerable attention, other contact sports such as
soccer have been studied infrequently. The current study
improves our understanding of linear-acceleration exposure
in collegiate women’s soccer; yet it was limited to data
obtained from 1 team across 1 fall season, and therefore the
results should not be generalized to other levels of play,
sexes, or seasons. We measured linear accelerations in
collegiate women’s soccer players and identiﬁed that
purposeful contact with the ball resulted in lower linear
accelerations but was more frequent than contact with another
player or unintentional deﬂections, indicating that purposeful
headers contributed more to cumulative head-impact exposure than did unintentional or unanticipated contact.

