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Background: Among collegiate sports, ice hockey and wrestling have been reported to have the highest rates of concussion
injury. Recent literature has shown that among all sports, female soccer players had the highest rate of concussion injury at the high
school level. Sport-specific analysis will increase our knowledge of epidemiologic characteristics of this serious injury in young
soccer players, where “heading” is commonly involved during participation.

Hypothesis: Heading during soccer will be associated with increased frequency of concussion injury in collegiate female players
compared with other mechanisms of injury, and concussion injury mechanism and rates will differ by setting of injury (practice or
match) and player position.

Study Design: Descriptive epidemiologic study.

Methods: This was a retrospective review and epidemiologic analysis of all concussions documented from a single National
Collegiate Athletic Association (NCAA) Division I female collegiate soccer team between 2004 and 2017. A total of 381 participants
were reviewed, and concussion injury mechanism, setting (practice or match), player position, and number of games and practices
missed due to injury were analyzed.

Results: Overall, 25 concussions in 22 players from the 2004 to 2017 seasons were identified, for an annual rate of 1.79 con-
cussions per year. Collisions (36%) followed by headers (20%) were the most common mechanisms. Forwards sustained the most
concussions (32%). Injuries were more common in games (56%) than practice (40%). Of note, the most common cause of con-
cussion during practice was headers (40%). Of the concussions documented, 20 (91%) were the player’s first concussion. On
average, each concussion resulted in a player missing 3.96 games and 12.46 practices.

Conclusion: Our results demonstrate that concussion rates in female NCAA soccer players vary by position and occur with dif-
ferent frequencies and mechanisms in practice and games. Interventions for concussion avoidance should aim to limit exposure to
high-risk activity, including player-to-player contact in games and headers in practice. Although gameplay and collisions can be
unpredictable and difficult to control, practice settings can be modified in an attempt to decrease risk.
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Soccer is the world’s most popular sport, played by more
than 250 million players internationally.17,20 In the United
States (US), soccer is one of the most commonly played
sports by female participants and is steadily increasing in
popularity. The US has more registered female soccer
players than all other countries combined, including youth,
collegiate, and professional athletes.10,15 There are 959
National Collegiate Athletic Association (NCAA) women’s
soccer programs, 159 more than men’s programs.2

Approximately 2.5 million people in the US sustain a
traumatic brain injury (TBI) annually, of which 75% to
95% are mild.1,9 However, mild TBIs, or concussions, are

projected to have a much higher incidence rate given that
many cases go unrecognized or unreported.14,21 Concussion
rates are highest in adolescents and young adults, with a
significant portion of concussions occurring secondary to
athletics. One study reported the annual incidence of
sports-related concussion in the US to be 1.6 to 3.8 million,
with as many as 20% of contact sport athletes experiencing
a concussion each season.18

Interestingly, the literature suggests that female ath-
letes sustain more concussions with elevated rates and
severity of symptoms compared with male athletes playing
the same sport with the same rules.12 Studies have pro-
vided evidence for these findings in lacrosse, basketball,
and soccer.4,5,7,11,16 Current hypotheses for the greater con-
cussion rates in female athletes include differences in hor-
mone balance, neck strength, style of play, coaching, or
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rates of reporting symptoms.12 Covassin et al4 found a sig-
nificantly increased rate of concussion in collegiate female
soccer players compared with male players. Female soccer
players sustain these concussions given the nature of the
play as well as the large number of participants.19

Previous studies have investigated the epidemiologic
characteristics of sport-related concussion in student ath-
letes.3,4 Zuckerman et al,22 in a sport-specific analysis using
the NCAA Injury Surveillance Program database, found
that men’s wrestling and ice hockey had the largest concus-
sion rates among the 25 sports analyzed. The same authors
reported a 6.31% overall concussion rate in women’s soccer.
However, a recent database study assessing concussions in
US high school sports between 2005 and 2014 highlighted
that female soccer players have a greater risk for sustaining
a concussion than all other sports.19 To shed light on the
epidemiologic characteristics of concussion injuries in young
soccer players, sport-specific analysis is necessary.

The purpose of this study was to provide a comprehen-
sive epidemiologic assessment of concussions in a single
NCAA Division I female soccer team. We hypothesized that
the act of heading would be associated with increased fre-
quency of concussion injury in these athletes compared
with other mechanisms of injury and that concussion injury
mechanism and rates would differ by setting of injury
(practice or match) and player position.

METHODS

Study Design

We conducted a retrospective review of prospectively col-
lected data regarding all head or neurologic injuries that
occurred on a single NCAA Division I collegiate women’s
soccer team between 2004 and 2017. All data were entered
by the team’s board-certified athletic trainer after consul-
tation with the head orthopaedic team physician. This
study was approved by the University of Southern Califor-
nia Health Sciences Institutional Review Board.

Inclusion Criteria and Diagnosis

Patients were included in the study if they had been diag-
nosed by a team physician with a concussion (based on the
2017 Concussion in Sport Group consensus statement13)

that resulted in the cessation of athletic activity. Diagnoses
were made from clinical findings and physical examination,
objective assessment scores, and medical judgment. Ath-
letes were given the Post Concussion Symptom Scale, Stan-
dardized Assessment of Concussion, Balance Error Scoring
System, and a computerized neuropsychological assess-
ment at the beginning of the year to establish a baseline
for comparison during presentation. The athlete’s history of
prior symptoms, level of consciousness, and performance
scores assisted in retrospective grading of the severity of
injury. The complete list of clinical and physical examina-
tion findings indicative of concussion is provided in Table 1.

After the patients with diagnosed concussions were iden-
tified, all patient characteristics and injury profiles were
assessed. Athlete variables that we examined included
player position and year of participation at time of injury.
To characterize the injuries in these athletes, the mecha-
nism of injury and setting (ie, practice vs game vs condi-
tioning) were recorded and later analyzed. Mechanisms for
head injury were divided into whether they occurred during
a header, collision, fall to the ground, or unspecified direct
contact. We defined all header concussions as secondary to
the head striking the ball or involving a heading attempt,

TABLE 1
Diagnostic Criteria for Concussion

Clinical Findings Physical Examination Findings

Dizziness
Headache
Nausea
Vomiting
Lack of coordination
Visual problems
Fatigue
Sensitivity to light or sound
Somnolence
Numbness or tingling
Mental slowness
Disorientation
Difficulty with concentration

or memory
Slowed or incoherent speech
Behavioral changes
Drowsiness

Neck pain
Slowed reaction time
Loss of consciousness
Disequilibrium
Incoordination
Deficits in recall
Deficits in concentration
Difficulty with speech
Loss of strength in upper

or lower extremities
Loss of sensation in upper

or lower extremities
Impaired vestibular function
Impaired ocular motor function
Loss of balance
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with person-to-person contact (but without a heading
attempt) categorized as a collision. Outcomes assessed
included the number of games and practices missed as a
result of these injuries.

Postconcussion Return-to-Play Protocol

The return-to-play protocol began with rest until the ath-
lete was symptom-free in activities of daily living. Once the
athlete was symptom-free at rest, she followed a gradual
progression in noncontact activity, reintroduction to prac-
tice, and finally return to competition. An athlete had to be
symptom-free to progress from one stage to the next.
Although the postconcussion return-to-play protocol was
modified according to each player’s unique injury, the mile-
stones that the athletes had to achieve in order to return to
activity remained the same and were based on the presence
of symptoms throughout the study period. There was no
minimum time that the athlete was kept from competition.

Statistical Analysis

An epidemiologic analysis was performed to analyze vari-
ables, including player position, setting of injury, mecha-
nism of injury, and number of games and practices lost.
Chi-square tests were used to compare categorical vari-
ables. Significance was set to P < .05.

RESULTS

Query of our university’s NCAA team database from 2004
to 2017 identified 381 participants for women’s soccer, of
whom 34 athletes had been diagnosed with a head or neu-
rologic injury. After we excluded all nonconcussion injuries,
25 concussions in 22 athletes remained, for an average of
1.79 diagnosed concussions per year and an average annual
incidence rate of 6.56% for the 14-year period. The annual
volume and incidence trends remained relatively constant,
ranging from 0 to 5 cases and 0% to 14.7%, respectively. The

overall trends in concussion incidence rates can be seen in
Figure 1. We did not find a significant positive or negative
trend over time.

Concussions were reported as occurring during 14
games, 10 practices, and 1 conditioning session throughout
the 14-year period. Collisions were the most common docu-
mented mechanism of injury (36%), followed by headers
(20%). During games, collisions were the most common
cause of concussion (57%). However, headers were one of
the most documented causes of concussion during practices
along with direct contact (also 40%). Unspecified direct con-
tact was the listed cause of concussion for 36% of all con-
cussions, 36% of concussions during games, and 40% of
concussions during practices. The full breakdown of mech-
anism of injury is provided in Table 2.

When we assessed concussions by player position, for-
wards were found to be the most injured position (32%),
followed by defenders (24%). For all positions except for goal-
keepers, the majority of concussions occurred during the
game setting; for goalkeepers, 75% of concussions were docu-
mented as a result of an incident in practice. Further, for all
positions aside from midfielders, headers were a minority
mechanism of injury for documented concussion, with mid-
fielders having an even split between unspecified direct con-
tact, falls, and headers. A complete breakdown of concussion
by position is provided in Table 3.

Games and Practices Missed as a Result of
Concussion Injury

On average, each concussion resulted in a player missing
3.96 games and 12.46 practices: This equates to 18.3% of
the 21.6-game season average. Of the concussions docu-
mented, 20 (91%) were the player’s first concussion.

DISCUSSION

In this epidemiologic analysis of concussion events in colle-
giate female soccer players, the most important finding was
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Figure 1. Trends of concussion incidence rates per season by year.
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the higher risk of concussions during games. In addition,
during games, collision was the most commonly recorded
mechanism of injury, and the most injuries by position were
sustained by forwards, followed by defenders. Our results
also showed a relatively high concussion rate related to
headers and direct contact in practice. With an annual inci-
dence rate of 6.56% for the 14-year study period, concus-
sions in women soccer players resulted in their missing an
average of 3.96 games and 12.46 practices per concussion.

This study was performed to identify when and how con-
cussions occur in female NCAA Division I soccer players to
assist and develop targeted concussion prevention recom-
mendations. It is well documented in the literature that
collisions and headers are the most common causes of con-
cussion in soccer players.8 Zuckerman et al22 found that in
female college soccer players, the largest proportion of con-
cussion occurred due to player (19.9%) or ball (11%) contact
while heading the ball. These data are corroborated by a
recent analysis of the NCAA Injury Surveillance Program
database demonstrating that only 8.2% of soccer injuries
were related to ball contact.6 Of those ball-contact injuries,
only 12.8% were headers.

We also performed an analysis of concussions by position.
The results of this study suggest that forwards are at the
highest risk. These injuries caused the average athlete in
this study to miss almost one-fifth of her season. Interest-
ingly, although the general trend was toward concussions
being more common in games than practice, 3 of our 4

goalkeeper concussions occurred in practice. However, as
goalkeepers who sustained a concussion injury constituted
only a small subgroup in our analysis, any conclusion based
on our results would be invalid. Thus, this observation may
indicate a potential area of future research. Although an
understanding of the number of days and games missed is
valuable, it is also important to understand that this repre-
sents a small portion of the overall impact on the collegiate
athlete both athletically and academically. Although not
directly examined in this study, the neurocognitive impact
of these injuries on the ability of these student-athletes to
study, take examinations, and overall excel academically
should not be overlooked, because academic demands con-
tinue regardless of what occurs in the collegiate athlete’s
playing career.

We detected a higher rate of concussions during games,
with collisions being the most common mechanism of
injury. Better refereeing during games, and therefore lim-
itation of the contact between players, could lead to a reduc-
tion of concussion events during competition. Another
important finding was the relatively high rate of concus-
sions during practice (40%), 40% of which occurred during
headers. This indicates that a large portion of these injuries
may be prevented by changes in practice regimen. In con-
trast to the unpredictability of games, activities during
practices are more easily controlled. Teams will generally
practice headers to improve their shooting, passing, and
ball control with their head. This type of volume exposes
athletes to repeated microtrauma, which may make them
more susceptible to concussion either by lowering their
threshold for TBI or through an additive effect from the
headers alone. By limiting the athlete’s exposure to these
microtraumas, it is possible that teams could reduce the
concussion incidence. Limiting the overall volume, empha-
sizing proper technique, using protective headgear,
decreasing the force of headers, and using a softer ball
material for headers during practice are all potential alter-
natives being investigated by teams to decrease injury
while maintaining skill level. Other considerations include
neck strengthening protocols for improved neuromuscular
control and the use of impact monitors to evaluate the fre-
quency and strength of forces applied to the head in this
controlled environment.

Our study is limited by several factors. We analyzed a
relatively small sample size from a single team, which
reduced the power of our analysis. The rate of concussion
injury might have been underestimated, as we only ana-
lyzed the concussion injuries that were documented as
resulting in the cessation of the athletic activity. Therefore,
some undocumented concussion events were probably
missed. In addition, our database relies on accurate diag-
nosis and documentation of injury. As a clinical diagnosis,
the identification of concussion is heavily dependent on a
physician’s determination of whether a player’s constella-
tion of symptoms meets the diagnostic threshold. Although
clinical guidelines exist to aid in judgment, diagnosis
remains inconsistent given each player’s difference in base-
line as well as each physician’s difference in ability to notice
changes from the varying baselines. It is also possible that

TABLE 2
Mechanism of Injury by Settinga

Mechanism
Practice

(n ¼ 10; 40%)
Game

(n ¼ 14; 56%)
Conditioning
(n ¼ 1; 4%)

Total
(n ¼ 25)

Header 4 (40.00) 1 (7.14) 0 5 (20)
Collision 1 (10.00) 8 (57.14) 0 9 (36)
Fall 1 (10.00) 0 0 1 (4)
Direct

contact
4 (40.00) 5 (35.71) 0 9 (36)

Unknown 0 0 1 (100) 1 (4)

aValues are expressed as n (%).

TABLE 3
Number of Concussions by Player Positiona

Position
Concussions,

n (%)
No. per

Mechanism
No. per
Setting

Forward 8 (32) 4C, 3DC, 1H 6G, 2P
Defender 6 (24) 3C, 1DC, 1U, 1H 3G, 2P, 1Con
Goalkeeper 4 (16) 3DC, 1H 1G, 3P
Midfielder 3 (12) 1DC, 1F, 1H 2G, 1P
Forward/

midfielder
3 (12) 2C, 1H 2G, 1P

Forward/
defender

1 (4) 1DC 1P

aC, collisions; Con, conditioning; DC, unspecified direct contact;
F, fall; G, games; H, header; P, practice; U, unknown.
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players underreported concussive symptoms out of fear of
requiring extended time out of competition.

In addition, the lack of an objective clinical, imaging, or
laboratory test for concussions makes these limitations
inherent to all concussion research. Finally, the definition
of header when classifying the mechanism of injury in our
study involved head-ball contact or a heading attempt. Var-
iation in the literature regarding this definition made it
challenging to compare results with those of similar stud-
ies.3 The retrospective nature of the study made it impos-
sible to overcome any issues with documentation, including
the description of the header mechanism of injury in detail.

CONCLUSION

Concussions are a serious injury that commonly occur in
women’s soccer. Our results demonstrate that concussion
rates vary by position and that concussions occur with dif-
ferent frequencies and mechanisms in practice and games.
Interventions for concussion avoidance should aim to limit
exposure to high-risk activity, including player-to-player
contact in games, and headers in practice.

ACKNOWLEDGMENT

The authors acknowledge The Cappo Family Research
Fund.

REFERENCES

1. Bernstein DM. Recovery from mild head injury. Brain Inj. 1999;13(3):

151-172.

2. Brown G. NCAA student-athlete participation hits 450,000. NCAA.

Accessed October 10, 2019. http://www.ncaa.org/about/resources/

media-center/news/ncaa-student-athlete-participation-hits-450000

3. Comstock RD, Currie DW, Pierpoint LA, Grubenhoff JA, Fields SK. An

evidence-based discussion of heading the ball and concussions in

high school soccer. JAMA Pediatr. 2015;169(9):830-837.

4. Covassin T, Swanik CB, Sachs ML. Sex differences and the incidence

of concussions among collegiate athletes. J Athl Train. 2003;38(3):

238.

5. Dick R. Is there a gender difference in concussion incidence and out-

comes? Br J Sports Med. 2009;43(suppl 1):i46-i50.

6. Fraser MA, Grooms DR, Guskiewicz KM, Kerr ZY. Ball-contact injuries

in 11 National Collegiate Athletic Association sports: the injury

surveillance program, 2009-2010 through 2014-2015. J Athl Train.

2017;52(7):698-707.

7. Gessel LM, Fields SK, Collins CL, Dick RW, Comstock RD. Concus-

sions among United States high school and collegiate athletes. J Athl

Train. 2007;42(4):495.

8. Koerte IK, Nichols E, Tripodis Y, et al. Impaired cognitive performance

in youth athletes exposed to repetitive head impacts. J Neurotrauma.

2017;34(16):2389-2395.

9. Kraus JF, McArthur DL. Epidemiologic aspects of brain injury. Neurol

Clin. 1996;14(2):435-450.

10. Kunz M. Big count, 265 million playing football. FIFA Magazine. 2007.

Accessed October 10, 2019. https://www.fifa.com/mm/document/

fifafacts/bcoffsurv/emaga_9384_10704.pdf

11. Lincoln AE, Caswell SV, Almquist JL, Dunn RE, Norris JB, Hinton RY.

Trends in concussion incidence in high school sports: a prospective

11-year study. Am J Sports Med. 2011;39(5):958-963.

12. Marar M, McIlvain NM, Fields SK, Comstock RD. Epidemiology of

concussions among United States high school athletes in 20 sports.

Am J Sports Med. 2012;40(4):747-755.

13. McCrory P, Meeuwisse W, Dvorak J, et al. Consensus statement on

concussion in sport—the 5th International Conference on Concussion

in Sport held in Berlin, October 2016. Br J Sports Med. 2017;51(11):

838-847.

14. McKee AC, Cantu RC, Nowinski CJ, et al. Chronic traumatic enceph-

alopathy in athletes: progressive tauopathy after repetitive head

injury. J Neuropathol Exp Neurol. 2009;68(7):709-735.

15. Morris B. Why is the US so good at women’s soccer. Accessed June

30, 2015. https://fivethirtyeight.com

16. Mueller FO, Cantu RC. Twenty-ninth annual report fall 1982–spring

2011. Accessed October 10, 2019. http://nccsir.unc.edu/files/2014/

05/2011Allsport.pdf

17. Mueller FO, Cantu RC, Van Camp SP. Catastrophic Injuries in High

School and College Sports. Champagne, IL: Human Kinetics; 1996.

18. Ono KE, Burns TG, Bearden DJ, McManus SM, King H, Reisner A.

Sex-based differences as a predictor of recovery trajectories in young

athletes after a sports-related concussion. Am J Sports Med. 2016;

44(3):748-752.

19. Schallmo MS, Weiner JA, Hsu WK. Sport and sex-specific reporting

trends in the epidemiology of concussions sustained by high school

athletes. J Bone Joint Surg Am. 2017;99(15):1314-1320.

20. Vos PE, Battistin L, Birbamer G, et al. EFNS guideline on mild trau-

matic brain injury: report of an EFNS task force. Eur J Neurol. 2002;

9(3):207-219.

21. Xydakis MS, Ling GS, Mulligan LP, Olsen CH, Dorlac WC. Epidemio-

logic aspects of traumatic brain injury in acute combat casualties at a

major military medical center: a cohort study. Ann Neurol. 2012;72(5):

673-681.

22. Zuckerman SL, Kerr ZY, Yengo-Kahn A, Wasserman E, Covassin T,

Solomon GS. Epidemiology of sports-related concussion in NCAA

athletes from 2009-2010 to 2013-2014: incidence, recurrence, and

mechanisms. Am J Sports Med. 2015;43(11):2654-2662.

The Orthopaedic Journal of Sports Medicine Concussion in NCAA Division I Women’s Soccer Team 5

http://www.ncaa.org/about/resources/media-center/news/ncaa-student-athlete-participation-hits-450000
http://www.ncaa.org/about/resources/media-center/news/ncaa-student-athlete-participation-hits-450000
https://www.fifa.com/mm/document/fifafacts/bcoffsurv/emaga_9384_10704.pdf
https://www.fifa.com/mm/document/fifafacts/bcoffsurv/emaga_9384_10704.pdf
https://fivethirtyeight.com
http://nccsir.unc.edu/files/2014/05/2011Allsport.pdf
http://nccsir.unc.edu/files/2014/05/2011Allsport.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


