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Abstract

Background—The benefit of preseason concussion education on athletes” knowledge, attitudes,
and behaviors is unclear. The purpose of the study was to determine the influence of preseason
concussion education on knowledge and self-reported attitudes and reporting behaviors. We
hypothesized that preseason education would lead to better knowledge and self-reported attitudes
and better reporting of concussion symptoms during the season.

Methods—Prospective cohort comparing the benefits of a preseason lectured-based concussion
education session at one high school with a control school. Participants included males and
females age 13-18 years from two community high schools who were participating in higher
concussion risk, fall or winter sports (football, soccer, wrestling, and basketball). The education
school and control school included 234 and 262 participants, respectively. Outcomes were a pre-
and post-season survey assessing knowledge and self-reported attitudes about concussions and an
end of season questionnaire assessing concussion reporting behaviors during the season.

Results—Total scores on the combined (p<.0001), knowledge-based (p=.016), and behavioral-
based (p<.0001) questions demonstrated statistically significant improvement in the education
group. Scores peakedimmediately post education, but dissipated at the end of the season. There
was a lower proportion in the education school (72%) compared to the control school (88%) that
reported continued play despite having concussion symptoms during the season (p=.025). A
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similar proportion of athletes diagnosed with concussion during the season in the education (27%)
and control schools (23%) reported returning to play before symptoms resolved (p=.81).

Conclusion—These findings suggest that a didactic-based preseason concussion education
likely has minimal benefits. Other factors besides knowledge are likely influencing student-athlete
concussion reporting behavior. Future research focused on changing the culture of concussion
reporting is needed.
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Background

Traumatic brain injuries (TBI) are a leading cause of acquired disability in children.
Approximately 1.6-3.8 million TBIs related to sports and recreation occur annually in the
US.(1) Most TBIs are classified as mild (mTBI) and are often referred to as concussions.(2,
3) Improper management of concussions may lead to long-term consequences.(4—7)
Individuals with a history of concussion are more likely to sustain a second concussion, and
there are cumulative effects associated with multiple injuries.(8, 9) Repeated concussions
can result in permanent injury or even death.(8, 10-14) If athletes with concussions are
diagnosed and managed appropriately, most recover fully.(3, 13, 15, 16)

Concussion consensus statements recommend that any child who suffers a concussion be
removed from play immediately and not return that day to prevent repeated concussions and
more severe brain injury.(15-18) A first step towards prevention of secondary injuries and
complications is to provide concussion education on the signs and symptoms of injury to
improve recognition of injury by athletes, parents, and coaches. All states have passed
legislation requiring coaches, parents, and, on occasion, athletes, to receive concussion
education. Through the “Heads Up” program, developed by the Centers for Disease Control
and Prevention (CDC), education provided to parents, coaches, and physicians has improved
knowledge of concussion signs and symptoms and improved prevention and management
practices;(19-21) however, legislation targeted at coaches is unlikely to lead to changes in
athlete attitudes on reporting concussion.(22)

In general, athletes underreport concussions.(23-29) The most common reasons for not
reporting are athletes did not realize they suffered a concussion, athletes did not think the
injury was serious enough to warrant medical attention and believe the injury posed little
danger to them, motivation not to be withheld from competition, and lack of awareness in
general about concussions, thus highlighting the importance of providing concussion
education to adolescent athletes.(24, 28, 30) Currently, there is a paucity of research related
to the impact of education on reporting of concussions and removing oneself from athletic
participation. In a cross-sectional survey of high school athletes, better knowledge about
concussion was associated with better reporting of concussion symptoms.(31) Another study
of high school soccer players provided with education on concussion reported that they were
more likely to report their concussion to a coach or athletic trainer; however, limitations to
this study were the small sample size (n=60), evaluation of only high school soccer athletes,
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and it did not examine the actual injury reporting rates.(32) Little prior work has evaluated
whether adolescent athletes who receive preseason education about concussions retain this
information at the end of the season or whether attitudes about reporting concussions change
with education.

Since many states recommend providing pre-season education to student athletes about
concussion, the objective of this study was to assess whether a brief, preseason, didactic
education program would improve adolescents’ knowledge about concussion signs and
symptoms, their attitudes toward reporting concussions, and their reporting of concussion
symptoms during the season. We hypothesized that preseason education would lead to better
knowledge and self-reported attitudes and better reporting of concussion symptoms during
the season compared to a control group.

Methods

Design

This was a community-based cohort study of high school athletes followed over the course
of one sports season that received concussion-specific educational compared to a control
cohort. Institutional review board (IRB) approval was obtained prior to initiation of the
study.

Participants

Participants were recruited from two large, public suburban high schools in Cincinnati, OH
that are part of the same school district as previously described (33). This particular school
district was approached for participation because the district included two, relatively large,
high schools of similar size and demographics for comparison. One school was arbitrarily
designated by the research team as the education school and the other as the comparison
school. Each participating high school had an enrollment of approximately 2,500 students.
The racial and ethnic composition of the participating schools was 74.5% White/non-
Hispanic, 10.3% Black, 5.9% Asian or Pacific Islander, 4.8% Hispanic, 4.4% Multiracial,
and 0.2% American Indian or Alaskan Native (33, 34). Recruitment was done during fall
and winter sports preseason training from August through December of 2012 as previously
described (33). Sports included football (boys only), soccer (boys and girls), basketball
(boys and girls), and wrestling (boys and girls [1 female participant]). A letter describing the
study was provided to each participant and his/her parent or guardian. The participants and
their parents were given the option to decline participation by returning an opt-out form. If
the opt-out form was not returned, consent was implied and participating athletes were
enrolled. The need for signed consent was waived by the IRB. Participants were excluded if
the opt-out form was returned or if they were absent the day of the educational session.

Measures

As previously described (33), a questionnaire was developed to assess an athlete’s
knowledge of concussion and attitudes / behaviors about their willingness to report or stop
activity after sustaining a concussion and other injuries during play. The knowledge-based
questions were true/false and queried about the definition of a concussion, symptoms,
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typical course of recovery, and current recommendations for return to activities. The self-
reported behavior and attitudes questions consisted of statements that participants answered
using choices of never, sometimes, or always. Correct answers on the behavior question
were either “never” or “always” depending on the wording of the question. “Sometimes”
was given as a distractor choice to capture participants that may not endorse “always” or
“never” in each situation. Questions for this instrument were adapted from the CDC heads
up program(20), questions used in a previous study evaluating concussion knowledge and
preventative practices in soccer players (32), and a concussion knowledge questionnaire
used in the state of Arizona to assess concussion knowledge of all high school athletes.(35)
The knowledge-based questions consisted of 13 true/false concussion symptom statements
and 12 additional questions (25 total knowledge-based questions), and the behavioral/
attitudes section consisted of 11 questions. The survey was written at a 61 grade level. The
questionnaire was developed through input by a group of physicians and athletic trainers
who care clinically for children after concussions. The questionnaire was also given, in a
group setting, to one high school football team that was not involved in the current study
after practice to ensure question clarity, ease of completion, and comfort with responding.
The athletes did not report problems with understanding or answering the questions;
therefore, no changes were made to the questionnaire based on feedback from this group of
athletes.

The two outcomes assessed were changes in scores on knowledge and self-reported
behaviors and attitudes questions at the end of the season and concussion symptom reporting
behaviors during the season. Concussion reporting behaviors were measured by an end of
the season questionnaire where participants were asked if they developed symptoms of
concussion or were diagnosed with a concussion during the season by their athletic trainer or
other healthcare provided and if they continued playing or returned to play before their
symptoms resolved. Questions about demographics, previous education about concussions,
and prior history of concussion were also included in the data collection.

Study Procedures

The survey was administered by the study research coordinator (C.S.) during the preseason
of the respective sport for all participants, immediately after the education intervention in
the educational school, and at the end of the season for both schools. All survey questions
were completed with paper and pencil, and results were entered into a secure, de-identified,
database. Both groups also received baseline computerized neuropsychological testing. The
neuropsychological testing was not used as an outcome but was included as an incentive for
participation. Through consultation with each school’s athletic trainer, questionnaires were
administered at a convenient time during the preseason after cuts had been made. The
questionnaire was distributed by the study’s research coordinator during a break in each
team’s preseason training. The research coordinator was available to answer participant
questions about the survey.

In the education school, the research coordinator provided a 20 minute educational lecture to
participants immediately after they completed the preseason survey. The educational
intervention was designed to be similar in nature to educational programs commonly being
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used to comply with the requirement of providing pre-season concussion education to
student athletes. The lecture included content on the definition of concussion, signs and
symptoms associated with concussions, current concussion guidelines, and return to play
recommendations based on prior concussion consensus statements.(17, 36) The lecture also
included information on the risk of second impact syndrome and potential chronic problems
that could develop after concussion. The educational content in the lecture was tailored to
information needed to answer knowledge and attitude survey questions correctly. The
educational lecture was delivered as a scripted PowerPoint lecture in a classroom setting and
limited to groups of 20-30 participants. Throughout and after the lecture there were
opportunities for participants to ask questions about the information presented. After the
lecture, the educational school participants completed an immediate post-education survey
and returned it to the research coordinator.

Some potential participants may have been absent or unavailable during the testing. In
accordance with IRB approval, information on these potential participants is not available
because the study team was blinded to identifiable information of participants who did not
complete the initial survey. Demographics are only available for individuals that completed
the survey at baseline and follow-up. All surveys were anonymous. A master log was
created of participants that completed the questionnaire to ensure that individuals that
participated in more than one sport (e.g., football and wrestling) did not complete the survey
twice (e.g., once during their fall sport and once during their winter sport). Additionally, the
master log was used to assist the athletic trainers at each school with identification of
participants that needed to complete postseason testing. In consultation with each school’s
athletic trainer, postseason testing was completed for all sports involved. We attempted to
complete all postseason testing on one day for each team involved in the study; however,
additional testing days were scheduled as needed to capture as many participants as possible.

Descriptive statistics were used to characterize the baseline demographics of the population,
prior concussion education, and results of the questionnaire. T-test and Chi Square analysis
was used to compare descriptive variables between the education and control school.
Repeated measures analysis using the Statistical Analysis System (SAS) mixed model
procedure was used to compare postseason knowledge and behavior and attitudes scores
between schools. Both unadjusted and adjusted models were evaluated. Independent
variables included in the unadjusted models were school (education or control school),
timing of survey (preseason or postseason), and the interaction term of timing of survey and
school. The timing of survey and school interaction term was the primary variable of interest
to evaluate for differences between schools at the end of the season on the survey questions.
In addition to the variables used in the unadjusted models, adjusted models were developed
that controlled for age, gender, sport, and history of prior concussion education. Chi-square
analysis was used to compare the proportion of participants between the education and
control groups who developed symptoms of concussion during the season and continued
playing and reported being diagnosed with a concussion during season and returned to play
before symptoms resolved. A p-value of <0.05 was used to define statistical significance.
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Participant demographics

There were 234 participants who completed the preseason questionnaire in the education
school and 262 in the control school. No potential participants returned the opt-out form.
Demographic characteristics of the participants are presented in Table 1. More participants
in the education school were male (82.91% versus 75.52%). The mean age was similar
between the two schools (15.38 versus 15.46 years). The majority of participants played
football, with a slightly higher percentage of participants playing football (47.55% versus
38.55%) and lower proportion playing basketball in the education school (13.25% versus
22.14%). More participants in the control school reported being taught about concussions
previously (78.24% versus 35.90%).

In the education school, 232 (99.1%) participants completed the immediate post-education
questionnaire, and 167 (71.4%) participants completed the postseason questionnaire. In the
control school, 222 (84.7%) participants completed the postseason questionnaire. There was
no difference in those that completed the postseason questionnaire compared to the
preseason questionnaire in terms of age (15.4[SD 1.2] versus 15.4[SD 1.2] years). A higher
percentage of females completed the postseason questionnaire than males (90.2% versus
75.0%).

Questionnaire results

Concussion

Individual questions on the survey and the percentage of participants answering each
question correctly can be found in Table 2. The mean overall (combined knowledge and
self-reported attitudes and behavior questions), knowledge-based, and behavior-based
percent correct scores on the preseason, immediate post-education, and postseason
questionnaires are depicted in Figures 1, 2, and 3. Total score, knowledge-based and
behavior-based scores increased immediately post-education and then dissipated over time.
Unadjusted and adjusted linear mixed models showed similar results, so only the adjusted
models are reported. Total scores on all (p<.0001), knowledge-based (p=.02), and
behavioral-based (p<.0001) questions demonstrated statistically significant improvement in
the education group postseason compared to preseason (Table 3). However, immediate
increases in scores dissipated over time.

reporting and diagnosis during the season

In the education school and control school 43/167 (26%) and 77/222 (35%) participants,
respectively, reported that they were hit in the head or body during the season and
experienced a headache, dizziness, or confusion. Of the individuals reporting these
symptoms, there were fewer athletes in the education school 31/43 (72%) than the control
school 68/77 (88%) that reported they continued playing (Chi-Square 5.03, p=.03). In the
education and control school, 11/167 (7%) and 13/222 (6%) participants, respectively,
reported they were diagnosed with a concussion by an athletic trainer or other health care
provider. Of the individuals diagnosed with concussion, a similar number in the education
3/11 (27%) and control schools 3/13 (23%) reported returning to play before their symptoms
had resolved (Chi-Square = .06, p=.81).
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Discussion

Our findings indicate that a brief, preseason didactic-based concussion educational session
likely has minimal benefits. Statistical improvement was noted on a concussion knowledge
and self-reported behavior / attitudes survey at the end of the season; however, gains were of
the highest magnitude immediately post-education and then declined over time. Although
athletes in the education school were more likely to stop playing if they experienced
symptoms of concussion compared to a control school, a large number, almost 75%, of
athletes in the education school reported that they continued to play despite noting
symptoms of concussion. Additionally, approximately 25% of participants that were
diagnosed with a concussion during the season in each group reported that they returned to
play while still having symptoms. These findings suggest that a didactic preseason
concussion education likely has minimal benefits. The effects of the education decline over
the season and it is relatively common for student athletes to continue playing through
concussion symptoms and to return to play before symptoms resolve. These findings suggest
that other factors besides knowledge are likely influencing student-athlete reporting
behavior.

With many states requiring student athletes to participate in concussion education prior to
sport participation, these findings highlight some of the potential challenges to developing
and implementing such programs. Our findings are in agreement with prior research that
athletes under report concussion symptoms and many cleared athletes underreport
concussion symptoms.(37, 38) Kroshush et al. also found that use of publically available
concussion education videos and an informational handout did not significantly change
reporting behaviors and reporting behaviors potentially worsened over time.(39)
Implementation of these programs may have benefits for knowledge and self-reported
behaviors, but that these benefits decline over time.

There are likely a wide variety of factors that influence concussion symptom reporting in
athletes, including knowledge and attitudes, internal pressure, concussion history, external
pressure and support, perceived outcomes, perceived norms, access to concussion education
materials, sports culture, and policies or legislation.(40-42) Improvement in knowledge and
attitudes is one aspect that may influence concussion reporting; however, there is a need to
develop theory-drive concussion education materials that focus on behavior change and
target psychosocial constructs that increase reporting intention.(39, 43) Setting up a culture
that emphasizes the importance of reporting concussion and belief that concussions are
serious is needed to develop a safe environment for athletes.(44) Future interventions should
be developed that focus not only on improving knowledge and attitudes of athletes but also
coaches and parents.(45) Improving coach approachability and communication of coaches
with athletes about concussion might be a step towards improving the reporting
environment.(46)

Our study used a lecture-based format to educate athletes about concussions that is similar to
education programs being implemented in many states and further questions the
effectiveness of these programs.(47) There were significant improvements in the education
school compared to the control school on knowledge and self-reported behaviors, despite the
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control school reporting more concussion education at baseline. However, although there
were mean improvements in knowledge and self-reported behaviors at the end of the season
in the education school, it is highly concerning that almost half of the education school
participants still reported that they would continue playing if they were exhibiting symptoms
of a concussion. Determining the optimal format for delivering educational content to
maximize retention and optimize behaviors will be critical.(48) Health behavior change
theories used in other areas of health education should be considered for use in concussion
education to promote behavior change.(49)

Many athletes in our study reported receiving education on concussion from a variety of
sources (parents, coaches, trainers, physicians, and school personnel) at baseline. In adjusted
models, prior education was not associated with outcomes. Misconception about concussion
by parents, may lead to poor information being passed down to student-athletes;(50)
therefore, education of parents, coaches, and school staff may help to improve education
about concussion. Because there are a variety of individuals across various settings who
provide education on concussion to athletes, concerted efforts to arm a number of
individuals with the skills to influence concussion-related behavior change is needed.
Through the CDC Heads Up: Concussion program and other local, regional, and state
programs, there are resources for parents, clinicians, coaches, and school staff addressing
this need.(19, 20, 51-53) However, the impact of these programs on actual concussion
reporting behaviors needs to be evaluated.

Participants were from one large public school district in the suburbs of Cincinnati, OH,
therefore, generalization to other schools locally, regionally or nationally should be
considered cautiously. Additionally, athletic trainers were present at each school, thus
findings may not generalize to schools without athletic trainers. Conclusions regarding
athlete’s participating in spring sports such as baseball, softball, and lacrosse are not
possible based on this study. We were unable to determine the nature and extent of
education received by individuals previously. The type and characteristics of prior education
provided may influence how student athletes responded to the educational intervention.
Additionally, because coaches’ knowledge, attitudes, and behaviors were not assessed, the
influence of these factors in coaches on athletes’ knowledge, attitudes, and behaviors could
not be evaluated. The study population also consisted of primarily males and a higher
percentage of females completed the postseason questionnaire, thus potentially biasing the
findings. Furthermore, the education program content was tailored to the survey questions
used in the study. Although the survey questions were adapted from prior questionnaires
commonly used to assess concussion knowledge and behaviors, its external validated and
reliability has not been formally assessed. Additionally, since the study focused on self-
reported behaviors, there is the potential of recall and reporting bias.

Conclusions

Our findings indicate that a lecture-based, preseason concussion education program
provided to adolescent athletes likely has minimal benefits. There are immediate
improvements in knowledge and self-reported behaviors, but these benefits decline over
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time. Future research needs to elucidate the optimal frequency and type of education that
will have a significant impact on concussion reporting behavior in student athletes,
especially when concussion symptoms are self-identified. Educational programs that are
developed using a theoretical basis for changing or adopting a behavior are needed,;
however, the feasibility of implementing these programs broadly is unclear. A focus on
changing the culture of concussion reporting is likely needed as well.
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Figure 1. Mean percent of All Questions Correct
The control group did not receive education, so there are no immediate post education

results for this group. Error bars represent standard deviations.
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Figure 2. Mean Percent of Knowledge-Based Questions Correct
The control group did not receive education, so there are no immediate post education

results for this group. Error bars represent standard deviations.
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Figure 3. Mean Percent of Behavior and Attitude Questions Correct
The control group did not receive education, so there are no immediate post education

results for this group. Error bars represent standard deviations.
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Table 1

Baseline characteristics of study participants

Education School

Control School

Demogr aphics: n(%) n=234(47.18%) n=262(52.82%)
Male® 194 (82.91) 190 (75.52)
Age
13Years 6(2.56) 4(1.53)
l4Years 51(21.79) 64(24.43)
15Years 73(31.20) 74(28.24)
16 Years 60(25.64) 54(20.61)
17 Years 41(17.52) 59(22.52)
18 Years 3(1.28) 7(2.67)
Sport**
Football 111 (47.55) 101 (38.55)
Soccer 57 (24.36) 66 (25.19)
Wrestling 35 (14.96) 37 (14.12)
Basketball 31(13.25) 58 (22.14)
Season of Sport
Fall 168 (71.79) 167 (63.74)
Grade Level
9th grade 71(30.34) 81 (30.92)
10th grade 63 (26.92) 76(29.01)
11th grade 60 (25.64) 47(17.94)
12th grade 40 (17.09) 58 (22.14)
History of Prior Concussion 62 (26.50) 54 (20.61)
If yes, how many concussion have you had?
1 42 (17.95) 42 (16.03)
2 12 (5.13) 9(3.44)
>3 6(2.53) 3(1.14)
Taught about concussi ons”’ 84 (35.90%) 205 (78.24)
. . *k*k
Sour ce of concussion education
Family 31(13.25) 77(29.39)
School 31(13.25) 104(39.69)
Coach 26(11.11) 84(32.06)
Athletic Trainer 29(12.39) 121(46.18)
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Education School ~ Control School

Demogr aphics: n(%) n=234(47.18%) n=262(52.82%)
Doctor 50(21.37) 103(39.31)
Other 7(2.99) 6(2.29)

*
Significant difference between education and control schools p<0.01

* %
Significant difference between education and control schools p<0.05

*k %k
Athletes could choose more than one option, so numbers are >100%

J Trauma Acute Care Surg. Author manuscript; available in PMC 2016 September 01.

Page 17



Page 18

Kurowski et al.

(6v'9€)18 (80°0%)S0T (esee)os | (8209wt | (TOLV)OTT (esley) yruow T 1sea] 1e Joj Ise] swordwiAs Jo Aol
(v Tr)26 (82°89)¥ST (€598)19 | (92 28)¥eT | (69°29)SET (as[ey) ureiq ay) o} aBewep Jusuewrsad sasned Ino pasoouy Buteg
(e0°22)TLT (G9°59)eLT | (veos)ver | (88'8.)e8T | (8£'69)09T (an1) Jaypoue 196 01 91| 210w 8 Asy) ‘UOISSNIUOD BUO S}ab uosiad e §|
(L€'69)YST (99e)e6T | (9289)¥1T | (06'18)06T | (22°22)69T (osyey) ureBe 1ane spods Aejd 01 pamoj|e Jou ase A3y ‘18A8 SUOISSNOUOD € ey aJow s1ab uosiad e 4|
(L2'8T)S€E (95'2T)9v (e6'2e)58 | (Lv'99)TeT | (99'6T)9¥ (sley) uoissnau02 e Jalye ureiq ay) o} abewep [eatsAyd a|gISIA MOYs ‘sueds 1D PUB s, [4IN Se Yons ‘ureid ay) o Buibew
(9z'19)9¢eT (sr'19)T9T | (S9'92)82T | (09'18)06T | (0L'%S)8CT (8s[e4) ey 8y} Ul 1Y 41 UOISSNOUOD e 186 Ajuo ued uosiad v
(¥8°28)36T (92'98)922 (T2'S6)6ST (T¥°26)922 (19°28)s0z (anJ1) pajeay Sey auo 1S114 By} 81048Q SINIJ0 UOISSNIUOI PUOISS B JI Y1eap 40 ysu Jaybiy e s aisy L
(68'T6)702 (86'T6)Tr | (29'16)eST | (29'26)STC | (88'16)STC (8n13) uoissnouoa e Buiney aj1Iym suods Aejd 03 8nuIUOD J0U PINOYS 818|YIE UY
(L6'22)TS (L£'T2)95 wrea)ly | (L96v)STT | (26'92)€9 (asrey) peay ays o3 Anfur Aue s1 uoIssnou0d v
(0g'26)9T2 (81°96)25¢ | (TO'vE)LST | (25'66) TET | (GT°96) GeT (enu3) ayoepesH
(66'06)202 (te'es)vec | (c0'88)vT | (¥8'L6)L2e | (09'06)2TZ (anu3) uoisnguon
(ve'26)502 (6L28)0eT | (ev'28)9vT | (86'96)S2C | (v2'68)0TC (enu3) Burisquiawiay Anoia
(79'68)66T (r9'98)Lze | (e8'98)svT | (ov've)6TC | (€0'88)902 (ann) awi uonoeay Jamols
(60°06)002 (65°€8)6TC | (ev'oe)iST | (¥8'26)222 | (16°28)Y6T (enn) 617 01 ANAlISUSS
(v€'26)S02 (89'18)¥1C | (cz'68)6vT | (26'€6)8TC | (L2°08)68T (anu3) BurenuUaaUOD AYNdLIA
(6€'28)¥6T (8918)WTC | (2z9sdwvt | (ov've)ote | (v9'SL)LLT (any) easneN
(88'28)¥8T (zz9L)t0z | (cz'es)eer | (05'28)e0z | (99'69)€9T (en1) as10N 01 AHARISUSS
(90'€9)ovt (06'2L)T6T (80'85).6 | (86'T2)29T | (G6°L9)6ST (osrey) 3934 ut Bunbur L
(L1'89)esT (r2'€9)L9T | (98102t | (T6'78)L6T | (92 LG)VET (anuz) BumwoA
(sz'zg)ott (e8'19)Z91 (05'19)98 | (29'29)/6T | (LS6Y)9TT (as[ey) suoneuron|jeH
(88'ze)eL (z9'6¥)0€ET (¥6'62)05 | (sv'es)ver | (88'T)86 (osrey) ured 19N
(s5'6¥)0TT (z0'2€).6 (69¢5)88 | (r9'98)10Z | (20vp)e0T (snn) sabuey) feuonows
UoISSNdU09 © Y31 4V dousradxa 01 A|ax1] 1 uostad e analjag noA Jeyy swoldwAs pue subis Buimojjoy ayl 39syd
suolsanb abpajmou y
(eez=u) (Jonau ‘sawiPWOS ‘skempe
(eze=v) (c9z=U) (291=U) uo(reonp3 (reg=u) loas[eyn 1 Jo s3ojoyo Buowre
uosSeas1s0d uosessa Id uoseas1s0d -130d uosesss Id asu0dsa J 199 1109) adA1suonsand
[(3091100
%)u] 100YdS |0.43U0D [(109.1400 94)u] joOYdS UOIEONP3

Author Manuscript

[00U2S UOITBINPA PUB |041UOD Ul SUONSaNb apniie pue JolAeyag pue aBpajmou auy) 10} sasuodsay

¢ olgel

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 September 01.

1

J Trauma Acute Care Surg. Author manuscript



Page 19

Kurowski et al.

(Lz'02)9sT (re9)ooz | (voeL)zet | (sove)seT | (0s€L)zLt (49n8U) UOISSNOUOD B PaJajNs aney Aays yorym ul swre e ui BuiAeld anunuod o3 s)3|yJe Ue 104 40 S1 1|

(sAemie) Jaurely o138]yre Jo yaeod e 03 Aunful ayy Lodal pjnom | ‘Ainful 81aA8s a10W e Ul 3NSa PINOM

(L6°LT)6E (g8'6T)2S (g6°€2)ov (56°0v)56 (59°22)es ¥ 3ey) Buimouy “Aejd o3 Anjiqe InoA Japury Ajfess 3,usaop ing suny 3 “painfui 196 noA sweb diysuordureyd e Buling

(J9A8U) UOSEaS 8y} JO BUO ISe] JI1dY] aq

(95°85)0€T (2e'89)6.T | (2259)60T | (T¥'22)89T | (12'TS)TZT | PINOD 1 8ouls aweb ay 03 uinias pinoys Asy) awieb juaweulno) ajels e BuLNp UoIssnouod e s1ab alajye Jels e Ji eyl 138} |

(89'%8)88T (r998)zz | (ev8)ovT | (6T'€8)e6T | (92°€8)96T (19n8u) yBnoy wi, | 1eyy sanoid Ajjenioe pue [esp Big e Jou st uoIssNOUOD B Bumah yeyl a8y |

(sAemie) Ajp10]dwiod

(9g°09)vET (r2re9)ot | (98'1)ozt | (22'92)8LT | (219'99)9sT 13A0081 | 81ns axew 0} Aunfur ue se)ye [suuosiad [ealpaw e Ag parenfens Ajybnoioys aq o) JueHodwi st 31 ¥ey) (384 |

(90°€T)62 (oT'6)Ve (%.6s1)92 | (wzzze)se | (v89)9t (49A8U) UIM 0] Wea] Jno 10y JapJo Ul Aunfur Jo uonipuoa Aue ydnolyr Aejd pjnom |

(T )9t (67'9)LT (26°51)92 (LeTm)2L (L6'8)12C (19n8u) peay 8y} 0} dwing Joullu B oIy Pa}Nsas Jeys ayoepeay e Buiey ajiym 1ods e Buikeid anunuod pinom |

(86'1€)TL (CYArayrans (or'6t)zs | (98's2)9sT | (601€)08 (sAeme) Jaures3 ana|yze 10 Y20 € 0} J1 1Oda1 PINOM | ‘UoIsSNIU0D & pey Asus Jybnoy Asus aw pjoy ajewwes) Aw j|

(sAempe)

(ez've)9L (z0°2€)16 (tgzv)ts | (G199t | (eeee)sL aweb e 40 IN0 1S 0] 8ABY PINOM | JUBSL 31 M3UY | J1 Jaures) J13|yIe 0 4orod & 0} Uoissnauod e Buiaey 1iodal pjnom |

(sAeme) omy

(¥5°0v)06 (v€'58)SPT (60'58)z6 | (9rz2)eLT | (eLsv)io0T 10 9o108.d € IN0 IS 0} BARY PINOM | JUBSW 31 MBUY | J1 JaUIEIY O1I3|UHe JO YOBOD B 0} UOISSNOUOD B BuiAey Hodas pinom |

(sAemie) sonoead i Jo aweb e Burinp peay

(€2'62)99 (SLev)er (teLv)eL | (985191 | (€0°8€)68 aup ur 1y Bumab seye ssaulzzip 1o ‘ssaulbiboy ‘syoepesy e pey | Jey Jaures) d03|yIe J0 YOrod e |[3) Ajalelpawil PInom |
suolsanb apnilie pue Joineysg

(zz'8e)sset (tzes)ste | (e9z8)setr | (20'28)z0z | (T2'SL)9LT (osrey) Buoum si Buryiou 41 se a1 ynm uo AuseD (an) isal ureiq a39|dwioD (3sfey) spusaLly 1xa)

pue ‘salnow yarem ‘sawreb 0apIn Ae|d (8S[e)) Aue 1,Usl 818y UOISSNOUOD B )M Uosiad B J0j JuaWIeal] Juaiind ayl st Jeymn

(69'€6)802 (Grz6)evz | (0z86)¥9T | (69'G6)zze | (1€726)9TC (an1y) spods 0y Buiuinas a1049q Aejd 03 uinja. [enpe.f e 8331dwod IS S3IR|YIY

(egz=u) (JoMeU ‘saWIPWOS ‘skempe

(eze=u) (c9z=U) (291=U) uo(reonp3 (reg=u) loasfejpn . Jo sadloyo Buoure

uosessIsod uosesss Id uosess1sod -150d uosessa Id asu0dsa J 199 1100) adArsuonsand

[(3091100

9%)u] 100YdS [0 1)U0D

[(3094400 9%)u] jo0yoS UOIFEINPT

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 September 01.

1

J Trauma Acute Care Surg. Author manuscript



Page 20

Kurowski et al.

‘pariodal si s198448 paxiy 1oy uonnjos € adA ) ‘dnosb Aq Asauns jo swn
10 Wa) uonaelal = dnols) Aq AsAIns Jo awi| ‘Bulfisaim Jo 132208 ‘||eCI00) ‘|egiayseq = LodS ‘sajew Jo saewa) = Iapuss) ‘uoseasaid 10 Uoseasisod = ASAINS JO aWi] ‘|00YIS |0J3UO0D IO UoIeINpPa = dnols

T000> | Sz'ze 1) 26's | T000> | SSE dnouo Ag Asnins joswi L
oT vL'e 80 8T'¢ 16 00 uo17e3NPS LUOSSNOU0D JO AI0XSIH
1) 6T°€ 500° 627 4} ge'e Hods
<00 SL'6 8¢ 6L S00° 8L RBpued

8000° | SETT | ¥600° 6.9 A 143 aby
19 L 10 €9 T000"> S0y fonins joawiy
6¢ €T 14 ceT S0 60'C dnouo
anjea-d | anjea-4 | anjea-d | anjea-4 | anpea-d | anjea-4 a|qele
suoisand suonsand
paseq-[eoineypg | pased-aBpaimouy suoisanO |1V

suo1sanb paseq-|eJoiAeyaqg pue ‘suonsanb paseqg-abpajmouy| ‘suonsanb |[e 10} SISA[eue [apowl paxiw Jeaul] Buisn sjapow ainseaw pajeadal paisnipy

Author Manuscript

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

J Trauma Acute Care Surg. Author manuscript; available in PMC 2016 September 01.



