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Background: Emerging evidence suggests that athletes and military personnel are at increased risk for lower extremity muscu-
loskeletal injury after a concussion; however, the association between concussion and subsequent upper extremity (UE) mus-
culoskeletal injury is unknown.

Purpose: To prospectively examine the association between concussion and UE musculoskeletal injury risk within the first year
after returning to unrestricted activity.

Study Design: Cohort study; Level of evidence, 3.

Methods: A total of 316 cases of concussion 42% (132/316 women) were observed among 5660 Concussion Assessment,
Research and Education Consortium participants at the United States Military Academy from May 2015 to June 2018. Active injury
surveillance within the cohort was conducted for 12 months after unrestricted return to activity to identify any incident cases of
acute UE musculoskeletal injury. Injury surveillance during the follow-up period was also conducted for nonconcussed controls
who were matched by sex and competitive sport level. Univariate and multivariable Cox proportional hazards regression models
were used to estimate hazard ratios between concussed cases and nonconcussed controls for time to UE musculoskeletal injury.

Results: During the surveillance period, 19.3% of concussed cases and 9.2% of nonconcussed controls sustained a UE injury. In
the univariate model, concussed cases were 2.25 times (95% CI, 1.45-3.51) more likely to sustain a UE injury during the 12-month
follow-up period when compared with the nonconcussed controls. In the multivariable model, adjusted for history of concussion,
sport level, somatization, and history of UE injury, concussed cases were 1.84 times (95% CI, 1.10-3.07) more likely to sustain a UE
injury during the surveillance period compared with nonconcussed controls. Sport level remained an independent risk factor for UE
musculoskeletal injury; however, concussion history, somatization, and history of UE injury were not independent risk factors.

Conclusion: Concussed cases were more than twice as likely to sustain an acute UE musculoskeletal injury within the first
12 months after unrestricted return to activity when compared with nonconcussed controls. The higher hazard of injury remained in
the concussed group after adjusting for other potential risk factors.
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Concussions are common in athletes18 and military Service
members,21,57 placing a significant burden on these
populations. Since 2000, more than 369,000 Service mem-
bers have been diagnosed with a concussion.14 In collegiate
athletics, concussions account for roughly 6% of all student-
athlete injuries each year.61 Concussions are typically asso-
ciated with transient symptoms, neurological deficits, and
cognitive impairment1; however, a growing body of evi-
dence has focused on subsequent musculoskeletal injury

risk after postconcussion unrestricted return to activ-
ity.30,39,52 Musculoskeletal injuries are a major source of
time loss among athletes as well as limited duty days and
attrition in military Service members,10,19,46 and thus, the
association between these 2 injuries is a fundamental con-
cern for athletes and Service members alike.

Based on the existing injury surveillance studies, collec-
tively analyzed, athletes and Service members are at sig-
nificantly greater risk for subsequent musculoskeletal
injury after a concussion.30,39,52 The odds that an athlete
or Service member will sustain a subsequent lower extrem-
ity (LE) musculoskeletal injury in the year after a concus-
sion are roughly 2-fold higher than those without
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a concussion.39,52 Pooled estimates suggest that the odds of
LE injury are 1.60 to 2.11 times greater in those with a
history of concussion compared with those without.39,52

While the rate of subsequent LE injury is consistent across
studies,26 limited evidence exists for upper extremity (UE)
musculoskeletal injury risk after a concussion. The few
studies32,59 that have included UE injuries catalogued UE
and LE injuries collectively, making it difficult to conclude
the effects of concussion exclusively on UE musculoskeletal
injury risk.

UE musculoskeletal injuries account for roughly 18.3%
and 21.4% of collegiate game and practice injuries
while participating in sports.22 Likewise, in a military
cohort, 19.1% of all reported injuries involved the
UE.31 While UE injuries generally account for a lower per-
centage of musculoskeletal injuries reported in active
populations,22,31 they can contribute to negative health out-
comes and long-term disability.9,15 In particular, injuries to
the glenohumeral joint have been associated with chronic
recurrent instability,40 glenoid and humeral head bone
loss,42 and osteoarthritis.5,25,43 Understanding the associa-
tion between concussion and subsequent UE injury could
aid intervention strategies to mitigate UE injuries and
avoid long-term health consequences.

There are currently no established risk factors for mus-
culoskeletal injury after a concussion. Behavioral mechan-
isms—such as risk-taking behavior as well as loss of motor
stability—are speculated to contribute to musculoskeletal
injury risk after a concussion, but they remain theoretical
at this time.3,7,41 However, modifiable (ie, training load,
anxiety) and nonmodifiable (sex, previous musculoskeletal
injury) risk factors for musculoskeletal injury are well-
documented.8,55 Accordingly, there is a need for well-
designed prospective studies to control for established
predictors of musculoskeletal injury risk. Accounting for
factors known to influence musculoskeletal injury risk may
help expose the relationship between concussion and sub-
sequent UE musculoskeletal injury after a concussion and
unrestricted return to activity.

The purpose of this study was to prospectively examine
the association between concussion and UE musculoskele-
tal injury risk within the first year after returning to unre-
stricted activity following concussion. We hypothesized
that in the first year after returning to unrestricted

activity, concussed cases would be at greater risk of UE
musculoskeletal injury compared with nonconcussed con-
trols matched by sex and competitive sport level.

METHODS

Study Design and Setting

A nested case-control design was used to examine the
association between concussion and subsequent UE muscu-
loskeletal injury among cadets at the United States Military
Academy. Nested case-control designs, when drawn from a
well-established cohort, provide the efficiency of the case-
control design while maintaining the temporal relationship
of the prospective cohort design.54,56 Cases and controls were
identified from the National Collegiate Athletic Association–
Department of Defense (NCAA-DoD) Concussion Assess-
ment, Research and Education (CARE) cohort at the United
States Military Academy. The CARE Consortium is a mul-
tisite prospective cohort study designed to investigate the
natural history of clinical and neurobiological recovery after
a concussion.4 The CARE Consortium cohort at the academy
was used to identify concussed cases during the follow-up
postconcussion surveillance period as well as matched non-
concussed controls. The protocol for this study received insti-
tutional review board approval.

Participants

All participants were physically active college students (age
range, 17-27 years) at the United States Military Academy
who enrolled in the CARE Consortium cohort between 2015
and 2017. As part of the clinical standard of care for con-
cussion management, all participants completed an annual
concussion baseline assessment before the academic years
2015-2016, 2016-2017, and 2017-2018. Of the 6575 students
who completed baseline assessments, 5660 (4477 men, 1183
women) volunteered to participate in the CARE Consor-
tium study. Daily life for all participants included some
form of competitive athletics and physical fitness training,
with the plurality of the cohort competing in varsity-level
athletics (40%), followed by intramural (39%) and club
(21%) sports. As part of their 47-month experience at the
academy, the participants also completed military training

*Address correspondence to Megan H. Roach, PhD, ATC, Womack Army Medical Center, 2817 Reilly Road, Fort Bragg, NC 28310, USA
(email: megan.h.roach.civ@health.mil) (Twitter: @houston_mn).

†Extremity Trauma & Amputation Center of Excellence, Defense Health Agency, Falls Church, Virginia, USA.
‡Department of Clinical Investigations, Womack Army Medical Center, Fort Bragg, North Carolina, USA.
§Department of Surgery, Uniformed Services University of the Health Sciences, Bethesda, Maryland, USA.
kJohn A. Feagin Jr. Sports Medicine Fellowship, Keller Army Hospital, West Point, New York, USA.
{United States Military Academy, West Point, New York, USA.
#Medstar Orthopaedic Institute, Washington, District of Columbia, USA.
**Walter Reed National Military Medical Center, Washington, District of Columbia, USA.
††Department of Physical Medicine and Rehabilitation, Uniformed Services University, Bethesda, Maryland, USA.
Final revision submitted December 6, 2022; accepted January 20, 2023.
One or more of the authors has declared the following potential conflict of interest or source of funding: S.J.S. has received education payments from

Arthrex. AOSSM checks author disclosures against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the
OPD and disclaims any liability or responsibility relating thereto.

The views expressed herein are those of the author(s) and do not necessarily reflect the official policy of the Department of the Army, Department of
Defense, or the US Government.

Ethical approval for this study was obtained from Naval Medical Center Portsmouth (ref No. RHC-A-20-044).

2 Roach et al The Orthopaedic Journal of Sports Medicine

mailto:megan.�h.�roach.civ@health.mil
https://twitter.com/houston_mn


(ie, air assault, airborne, and combat dive training) and
physical education (ie, boxing, swimming, and combative
training ) requirements in addition to having a rigorous
academic course load.

A total of 389 incident cases of concussion as defined by
the CARE Consortium4 were extracted for the period
between May 2015 and June 2018. Cases were excluded if
another concussion occurred before the participant’s clear-
ance for unrestricted return to activity (n ¼ 3), if the parti-
cipant’s study and medical records did not reflect a
clearance date (n ¼ 64), if the participant took a medical
leave of absence (n¼ 4), or if a concomitant injury may have
impeded recovery (n ¼ 2). Thus, 316 concussed cases were
enrolled and matched with 316 nonconcussed controls. Fig-
ure 1 outlines enrollment and retention for the present
study.

The concussion cohort was matched by sex and sport
level (ie, intramural, club, and varsity) to participants who
had not experienced a concussion since enrolling in CARE
and who reported no history of concussion (nonconcussed
cohort). Sex served as a matching criterion, as women are
at increased risk for concussion and musculoskeletal
injury.35,55 Competitive sport level served as a criterion to
control for exposure. Also, <1.6% (n ¼ 5) of cases could not
be matched based on competitive sport level and were thus
matched with a sport of comparable contact competing at a
different level—for example, club boxing was matched with
varsity rugby and intramural swimming was matched
with varsity swimming. Club and varsity athletes were
also matched by sport when possible. In circumstances in
which an exact sport match was not available, a sport of
comparable contact as defined by the contact categories
(contact, limited contact, and noncontact) in the study by
Katz et al33 was used—for example, ice hockey was
matched with lacrosse. Moreover, >7% (n ¼ 22) of the club
and varsity cases required a comparable contact sport
match. In cases in which multiple participants were
available to serve as a control, the control closest to the
case in academic year (ie, freshman, sophomore), age,
height, and mass was selected. Also, >93% of cases were
matched on academic year, age (±3 years), height (±7.6 cm),
and weight (±6.8 kg).

Data Collection

The framework of the CARE Consortium, in conjunction
with local injury surveillance systems, was used to prospec-
tively investigate UE musculoskeletal injury risk after a
concussion. The structure and methods of data collection
for the CARE Consortium have been previously
described4,24 and are therefore summarized here in relation
to the present investigation. All participants who agree to
enroll in the CARE Consortium undergo a comprehensive
baseline assessment by research staff with a medical back-
ground (ie, athletic training, physical therapy, and nurs-
ing) and are assessed for incidence of concussion. For this
investigation, we extracted demographic variables, self-
reported concussion history, and psychological distress as
measured using the Brief Symptom Inventory–18 (BSI-18)
at the baseline from the CARE database. The BSI-18
includes 3 symptom scales as follows: (1) anxiety, (2) depres-
sion, and (3) somatization. Each symptom scale contains
6 items, and thus, scores range13 from 0 to 24, with lower
scores representing lower levels of anxiety, depression, and
somatization (ie, the expression of psychological or emo-
tional factors as physical symptoms).

UE musculoskeletal injury was operationally defined as
any acute injury (ie, fracture, strain, sprain, dislocation,
subluxation, and rupture) to the shoulder, arm, elbow, fore-
arm, wrist, hand, or fingers/thumb and recorded by a med-
ical provider in the participant’s medical record. It did not
have to result in time loss from activity; however, it did
have to be attributed to a single traumatic event.29 Contu-
sions, blisters, and abrasions were excluded. Diagnoses
that could be attributed to a gradual onset without a spe-
cific traumatic event were classified as chronic29 and were
excluded. Active injury surveillance during the follow-up
period and injury history were also documented for the
nonconcussed controls.

Active injury surveillance within the cohort was con-
ducted for 12 months after unrestricted return to activity
to identify any incident cases of acute UE musculoskeletal
injury. To ensure that the musculoskeletal injury surveil-
lance was conducted during the same 12-month time
frame, the return to activity date after concussion served
as the musculoskeletal injury surveillance start date for

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow chart of participant inclusion. USMA, United States Military
Academy.
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each concussed case and matched control. We also
recorded acute UE musculoskeletal injury history from
the time of entry to the academy (ie, Reception Day) to the
incident concussion.

Musculoskeletal injury surveillance was performed
using local injury surveillance systems, including the
Armed Forces Health Longitudinal Technology Application
(AHLTA), Sports Injury Monitoring System (SIMS), and
the Cadet Injury and Illness Tracking System (CIITS). All
cadets have access to medical providers and receive care
through the closed military health care system, which has
been previously described.45,47,58 All medical care is man-
aged by a member of the medical staff and documented in at
least 1 of the 3 systems (ie, AHLTA, SIMS, CIITS). Thus, it
is unlikely that any musculoskeletal injuries that required
medical attention were not recorded in the participant’s
medical record. Musculoskeletal injury diagnosis, onset
(ie, date of injury), and whether it was a time-loss injury
were pulled from the medical records by 1 investigator
(M.J.A.) and verified by a separate investigator (J.D.R.).
To ensure the accurate merging of the surveillance data
from all 3 documentation systems, the second investigator
checked for overlap. Both investigators were certified ath-
letic trainers with >7 years of experience. Any discrepan-
cies in a diagnosis, injury onset date, or whether the injury
resulted in time lost were discussed among the investiga-
tors who pulled the musculoskeletal injury surveillance
and resolved by the principal investigator (M.H.R.).

Statistical Analysis

All analyses were performed in StataSE software Version
14.2 (StataCorp). Descriptive statistics were computed as
appropriate to describe the demographic and injury char-
acteristics of the concussed and nonconcussed cohorts.
Within each cohort, participants with a UE injury were
stratified into time-loss and non–time loss categories to
determine whether the concussed cohort was more suscep-
tible to time loss (ie, more severe injuries) or whether con-
cussion recovery duration affected injury severity. The
association between time-loss UE injuries and group (ie,
concussed cases vs nonconcussed controls) was assessed
using the chi-square test. The Cramer V statistic was cal-
culated to explore the strength of the association. An inde-
pendent t test was used to compare concussion recovery
duration (ie, time from initial concussion to return to unre-
stricted activity) between UE time-loss and non–time loss
cohorts within the concussed cohort. Means and standard
deviations for recovery duration were used to calculate a
Cohen d effect size, which were interpreted as small (�0.1),
medium (�0.3), or large12,34 (�0.5).

The primary outcome of interest was time from return to
unrestricted activity after a concussion to incident UE mus-
culoskeletal injury during the 12-month follow-up period in
the concussed and nonconcussed groups. Kaplan-Meier
injury-free survival estimates were calculated by group
(concussed vs nonconcussed), sport level (intramural, club,
and varsity), and history of concussion (no history, 1 con-
cussion, and �2 concussions) for time to UE musculoskele-
tal injury. Univariate and multivariable Cox proportional

hazards regression models were used to estimate hazard
ratios (HRs) and 95% CIs between concussed cases and
nonconcussed controls for time to UE musculoskeletal
injury during the surveillance period (a< .05). Other poten-
tial risk factors were as follows: sport level during the
injury surveillance period; history of concussion; baseline
BSI-18 anxiety, depression, and somatization scores; and
history of UE musculoskeletal injury. Variables that were
significant in the univariate models (P < .05) were carried
over into the multivariable model.

RESULTS

The 316 concussed cases had a mean age of 20.05 ±
1.64 years, a height of 174.14 ± 9.80 cm, and a weight of
75.60 ± 14.03 kg, and the 316 matched nonconcussed con-
trols had a mean age of 19.88 ± 1.51 years, a height of
174.13 ± 9.35 cm, and a weight of 74.78 ± 13.24 kg. During
the musculoskeletal injury surveillance period, 19.3% (61/
316) of concussed cases and 9.2% (29/316) of nonconcussed
controls sustained an incident UE injury. In both groups,
the majority of the UE injuries occurred to the shoulder
joint. Table 1 contains a complete breakdown of the types
of UE injuries documented. Roughly 61% of concussed cases
and 52% of controls experienced a time-loss UE injury; how-
ever, there was no significant association and there was a
weak effect between time-loss injury and group (w2 ¼ 0.69;
P ¼ .406; Cramer V ¼ .09). Within the concussed cohort, an
independent t test did not detect a significant difference
(t(57)¼ –0.887; P¼ .379) between concussion recovery time
for those with a time-loss UE injury (29.28 ± 24.91 days)
compared with those with a non–time loss UE injury (23.61
± 22.30 days), although a small effect was found (Cohen d¼
0.24).

Kaplan-Meier injury-free survival estimates for UE
injury during the surveillance period are presented in
Figure 2. The results of the univariate analysis are pre-
sented in Table 2. In the univariate models, concussed
cases were 2.25 times more likely to sustain a UE injury
during the 12-month follow-up period when compared with
the nonconcussed controls (P < .001). Varsity sport level
(P < .001), history of �2 concussions (P ¼ .013), BSI-18
somatization score (P ¼ .029), and history of UE injury
(P ¼ .013) were identified as independent risk factors.

In the multivariable analysis—adjusted for sport level,
concussion history, BSI-18 somatization scores, and history
of UE injury—concussed cases were 1.84 times more likely
to sustain a UE injury during the surveillance period com-
pared with nonconcussed controls (P ¼ .019). Varsity sport
level remained an independent risk factor for UE musculo-
skeletal injury (P < .001); however, concussion history,
somatization, and history of UE injury were not indepen-
dent risk factors.

DISCUSSION

The present study utilized the CARE Consortium cohort at
the United States Military Academy to prospectively

4 Roach et al The Orthopaedic Journal of Sports Medicine



examine the association between concussion and subse-
quent UE musculoskeletal injury risk within the first year
of unrestricted activity after a concussion. Participants who
sustained a concussion were 2.25 times more likely to sus-
tain a UE injury within a year of their unrestricted return
to activity date. The risk of UE injury remained elevated
after controlling for sport level, history of concussion, soma-
tization scores, and history of UE injury. These findings
support our hypothesis that in the first year after returning
to unrestricted activity, concussed cases will be at greater
risk of UE musculoskeletal injury compared with noncon-
cussed controls.

To our knowledge, this is the first study to exclusively
examine UE injury risk after a concussion in a young active
cohort. The increased hazard observed in the present

study is in line with prior observations for both general
musculoskeletal injury risk and LE injury risk after a
concussion.39,52 In a prior meta-analysis,39 athletes with
concussions had 2.11 times greater odds of sustaining a
musculoskeletal injury compared with controls. A more
recent meta-analysis52 observed a pooled HR of 1.39 (95%
CI, 1.31-1.47) for LE injury in athletes and Service mem-
bers with concussions compared with those with no previ-
ous concussions. Thus, regardless of the extremity, there
appears to be a link between concussion and subsequent
musculoskeletal injury in physically active cohorts.

A major strength of this study is that we were able to
explore and control for the influence of additional risk fac-
tors for musculoskeletal injury. Independently, varsity-
level athletes, those with a history of �2 concussions, those

TABLE 1
Breakdown of UE Musculoskeletal Injuriesa

Nonconcussed (n ¼ 316) Concussed (n ¼ 316)

History of acute UE musculoskeletal injury
Yes 45 (14.2) 67 (21.2)
No 271 (85.8) 249 (78.8)

UE musculoskeletal injury during the surveillance periodb

Time-loss injury 15 (51.7) 36 (61.0)
Non–time loss injury 14 (48.3) 23 (39.0)

Shoulder injuries (n ¼ 41)
Acromioclavicular sprain 1 (3.4) 2 (3.2)
Acromial fracture 1 (3.4) —
Biceps tendon subluxation 1 (3.4) —
Glenohumeral dislocation 1 (3.4) 3 (4.9)
Glenohumeral subluxation 3 (10.3) 9 (14.8)
Labral tear 1 (3.4) 3 (4.9)
Muscle strain 4 (13.8) 10 (16.4)
Sternoclavicular sprain — 2 (3.2)

Elbow injuries (n ¼ 12)
Humeroulnar dislocation — 1 (1.6)
Muscle strain — 2 (3.2)
Neurapraxia — 1 (1.6)
Olecranon bursitis — 1 (1.6)
RCL sprain 1 (3.4) 1 (1.6)
UCL sprain — 4 (6.6)
Cubital tunnel syndrome 1 (3.4) —

Forearm injury (n ¼ 1)
Ulnar fracture 1 (3.4) —

Wrist injuries (n ¼ 9)
Muscle strain — 1 (1.6)
Radial fracture — 1 (1.6)
Sprain 5 (17.2) 2 (3.2)

Hand injuries (n ¼ 14
Carpal fracture — 1 (1.6)
Metacarpal fracture 2 (6.9) 4 (6.6)
Metacarpophalangeal sprain 3 (10.3) 4 (6.6)

Finger/thumb injuries (n ¼ 13)
Boutonniere deformity — 1 (1.6)
Interphalangeal dislocation 1 (3.4) 2 (3.2)
Interphalangeal sprain — 4 (6.6)
Phalangeal fracture 1 (3.4) —
Thumb sprain 2 (6.9) 2 (3.2)

aData are reported as n (%). Dashes indicate areas not applicable. RCL, radial collateral ligament; UCL, ulnar collateral ligament;
UE, upper extremity

bTime-loss information for musculoskeletal injury was not available for 2 participants in the concussed group.
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with higher somatization scores on the BSI-18, and those
with a history of UE musculoskeletal injury while at the
academy were more at risk for UE musculoskeletal injury
during the surveillance period. Varsity athletes were more
than twice as likely to sustain a UE musculoskeletal injury
during the surveillance period compared with intramural

athletes. This finding is likely attributed to a combination
of exposure to high-risk activities and access to care. Var-
sity athletes generally engage in a higher intensity of play17

more frequently and often have direct access to medical
staff providing them with more opportunities to divulge
injuries.51 Participants with a history of �2 concussions

Figure 2. Kaplan-Meier injury-free survival estimates by (A) history of concussion, (B) group, and (C) sport level for incident upper
extremity musculoskeletal injury during the 12-month follow-up period.

TABLE 2
Cox Proportional HRs for UE Musculoskeletal Injurya

Univariate Model Multivariable Model

Variable n HR (95% CI) P HR (95% CI) P

Group
Nonconcussed 316 Reference — —
Concussed 316 2.25 (1.45-3.51) < .001 1.84 (1.10-3.07) .019

Sport level
Intramural 248 Reference — —
Club 129 0.87 (0.44 -1.73) .689 0.90 (0.45 -1.81) .778
Varsity 255 2.39 (1.49-3.82) < .001 2.53 (1.52-4.23) < .001

Concussion history
No history 508 Reference — —
1 Concussion 84 1.68 (0.98-2.89) .062 1.17 (0.64-2.16) .612
�2 Concussions 31 3.08 (1.48-6.37) .013 1.52 (0.69-3.33) .297

Baseline BSI-18 score
Anxiety 618 1.10 (0.98 -1.24) .104 — —
Depression 618 0.99 (0.88 -1.11) .893 — —
Somatization 618 1.16 (1.02 -1.32) .029 1.15 (0.99 -1.33) .068

History of UE injury
No 520 Reference — —
Yes 112 1.84 (1.14-2.97) .013 1.50 (0.91-2.47) .108

aDashes indicate areas not applicable. Bolded P values indicate statistical significance (P < .05). BSI-18, Brief Symptom Inventory–18;
HR, hazard ratio; UE, upper extremity.
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had triple the risk of UE musculoskeletal injury during the
follow-up period (HR, 3.08; P ¼ .013) compared with parti-
cipants with no history of concussion. Also, those with a
history of UE injury while at the academy had double the
risk (HR, 2.25; P < .001) compared with those with no his-
tory. These findings are not surprising, as prior research
has linked concussion frequency to musculoskeletal
injury23,48 and injury history is a known risk factor for sub-
sequent musculoskeletal injury risk.55 Despite the HRs
heading in the same direction, concussion history and UE
injury history were not significant risk factors in the mul-
tivariable model. It is plausible that concussion history and
UE injury history were attenuated by sport level, as varsity
athletes may be more likely to have an injury history. Thus,
we observed a muted effect once we included the sport level
in the model. This, however, is one of the first studies that
we are aware of to link psychological distress, specifically
somatization, with an increased hazard for UE musculo-
skeletal injury after a concussion. For every 1-point
increase in the BSI-18 somatization score, participants
were 16% more likely to sustain a UE injury during the
follow-up period. While the literature to date has primarily
focused on anxiety and musculoskeletal injury risk,8 it
seems plausible that someone with higher somatization
scores may be more likely to seek care for an injury. Collec-
tively, these findings suggest that the risk of UE musculo-
skeletal injury after a concussion is multifaceted.

Although the present study confirms that patients may
be at greater risk for UE musculoskeletal injury after a
concussion, very little is known about how long the risk is
elevated or whether it ever abates. The Kaplan-Meier
curves for group and concussion history suggest a relatively
linear survivorship during the entire 1-year follow-up
period. This implies that the risk of UE injury may remain
consistently elevated out to 1-year postconcussion and thus
necessitates further understanding. Furthermore, little is
known about the underlying mechanisms associated with
this elevated risk. Prior rationales suggest that the
increased risk of LE musculoskeletal injury may be attrib-
uted to deficits in neuromuscular control,2,36 such as pos-
tural control and gait alterations, which are both known
predictors of LE injury.20,44,49 Such alterations may linger
for months and even years after a concussion.6,27,38,50 It is
also plausible that there may be >1 aspect responsible for
the increased musculoskeletal injury susceptibility after a
concussion, as others have proposed delayed muscle inte-
gration owing to motor cortex dysfunction,60 perception-
action coupling deficits,16 and diminished motor task
execution abilities11 as possible contributors. Mang et al37

simultaneously evaluated postural and UE movement in
concussed athletes performing the object-hit test and iden-
tified impairments; however, the majority of concussed ath-
letes displayed impairment in one domain or the other (ie,
postural or UE movement), but not both.37 Improving pos-
tural movements with special considerations for the UE
motor tasks may aid patients who are returning to physi-
cally demanding occupations, athletics, or military service.

While we may not know the exact mechanism responsi-
ble for the elevated risk of injury after a concussion or how
long the risk is elevated, novel rehabilitation strategies to

restore function and prevent injuries merit investigation.
To date, only 1 study28 has examined the efficacy of an
intervention to mitigate musculoskeletal injuries after a
concussion relative to the standard of care. Preliminary
findings in a cohort of adolescent athletes suggest that an
8-week neuromuscular intervention protocol (ie, plyomet-
ric, strength, technique, and balance training), initiated
after unrestricted return to activity, may significantly
reduce injuries after a concussion.28 The hazard of subse-
quent musculoskeletal injury in adolescents allocated to
the standard of care was 3.5 times that of the neuromuscu-
lar intervention group.28 Although preliminary, this evi-
dence is promising and should be considered when
rehabilitating concussed patients. Refining concussion
management protocols to incorporate interventions effec-
tive at reducing injury risk is a critical first step in the
process of mitigating musculoskeletal injury risk after a
concussion.2,11

Limitations and Future Research

Several limitations should be considered when interpreting
the results of the present study. First, despite the careful
matching criteria including competitive sport level and
sport for club and varsity athletes, when possible, complete
athletic/military training exposure time in specific events
was not available. Thus, there is no guarantee that the
concussed cases and nonconcussed controls experienced the
same exposure throughout the entire year of follow-up.
However, all patients were academy cadets who partici-
pated in year-round athletic activities, physical education
courses, and military training that were very similar. Sec-
ond, medical transcription errors may have led to the inclu-
sion or omission of UE musculoskeletal injuries during the
postconcussion surveillance period or as part of the injury
history. Additionally, concussion history was self-reported;
however, before querying the participants on their concus-
sion histories, a standardized definition of both concussion4

and common symptoms was provided to improve accu-
racy.53 Third, while this is one of the first studies to control
for prior musculoskeletal injury history, we could not con-
trol for UE injuries that were not reported to a medical
provider or sustained before entry to the academy. Last,
our cohort consisted of academy cadets between the ages
of 17 and 27 years; therefore, the results of this investiga-
tion may only be generalizable to similar populations.

Despite these limitations, the present study also had
several strengths. We believe that this is the largest pro-
spective study to date to exclusively examine UE musculo-
skeletal injury risk postconcussion in a distinct cohort that
regularly engages in athletic activity, physical fitness, and
military training. Thus, these findings may have an appli-
cation to active-duty military Service members and colle-
giate athletes of comparable age. Future research should
explore additional factors, such as physical fitness, care-
seeking behavior, and risk-taking behaviors that we were
unable to account for in the present study but may contrib-
ute to musculoskeletal injury risk. Future work in this area
should also focus on identifying the underlying cause of the
increased musculoskeletal injury risk after a concussion
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and determining interventions most effective at mitigating
the increased risk for UE musculoskeletal injury after
unrestricted return to activity after a concussion. Further
investigation into the deficits that may contribute to the
increased risk of UE musculoskeletal injury after a concus-
sion observed in the present study is warranted. Interven-
tions to mitigate the increased risk should also be
investigated.

CONCLUSION

Participants who sustained a concussion were more than
twice as likely to sustain an acute UE musculoskeletal
injury within the first 12 months after unrestricted return
to activity when compared with nonconcussed matched con-
trols. Similar results were observed in multivariable mod-
els after controlling for sport level, concussion history,
somatization, and history of UE injury while at the United
States Military Academy.

ACKNOWLEDGMENT

The authors acknowledge and thank the following indivi-
duals, listed alphabetically, for their roles in supporting the
study at the United States Military Academy: Brian Col-
sant, Jessica Curtin, Travis Fetchko, Stephanie Habecker,
Story Miraldi, Karen Peck, Jamie Reilly, Sean Roach,
Bridget Sturch, and Jesse Trump. The authors also thank
the research and medical staff who assisted with baseline
data collection and concussion surveillance.

REFERENCES

1. Alexander MP. Mild traumatic brain injury: pathophysiology, natural

history, and clinical management. Neurology. 1995;45(7):1253-1260.

2. Avedesian JM, Covassin T, Dufek JS. The influence of sport-related

concussion on lower extremity injury risk: a review of current return-

to-play practices and clinical implications. Int J Exerc Sci. 2020;13(3):

873-889.

3. Avedesian JM, Singh H, Diekfuss JA, Myer GD, Grooms DR. Loss of

motor stability after sports-related concussion: opportunities for

motor learning strategies to reduce musculoskeletal injury risk. Sports

Med. 2021;51(11):2299-2309.

4. Broglio SP, McCrea M, McAllister T, et al. A national study on the

effects of concussion in collegiate athletes and US military service

academy members: The NCAA-DoD Concussion Assessment,

Research and Education (CARE) Consortium structure and methods.

Sports Med. 2017;47(7):1437-1451.

5. Brophy RH, Marx RG. Osteoarthritis following shoulder instability. Clin

Sports Med. 2005;24(1):47-56.

6. Buckley TA, Oldham JR, Caccese JB. Postural control deficits identify

lingering post-concussion neurological deficits. J Sport Health Sci.

2016;5(1):61-69.

7. Burman E, Lysholm J, Shahim P, Malm C, Tegner Y. Concussed

athletes are more prone to injury both before and after their index

concussion: a database analysis of 699 concussed contact sports

athletes. BMJ Open Sport Exerc Med. 2016;2(1):e000092.

8. Cagle JA, Overcash KB, Rowe DP, Needle AR. Trait anxiety as a risk

factor for musculoskeletal injury in athletes: a critically appraised

topic. Int J Athl Ther Train. 2017;22(3):26-31.

9. Carr JB II, Camp CL, Dines JS. Elbow ulnar collateral ligament injuries:

indications, management, and outcomes. Arthroscopy. 2020;36(5):

1221-1222.

10. Chan JJ, Xiao RC, Hasija R, Huang HH, Kim JM. Epidemiology of

hand and wrist injuries in collegiate-level athletes in the United States.

J Hand Surg Am. 2023;48(3):307.e1-307.e7.

11. Chmielewski TL, Tatman J, Suzuki S, et al. Impaired motor control

after a sport-related concussion could increase risk for musculoskel-

etal injury: implications for clinical management and rehabilitation.

J Sport Health Sci. 2021;10(2):154-161.

12. Coolican H. Research Methods and Statistics in Psychology. Psychol-

ogy Press; 2017.

13. Derogatis LR. BSI 18, Brief Symptom Inventory 18: Administration,

Scoring and Procedures Manual. NCS Pearson, Inc; 2001 .

14. Armed Forces Health Surveillance Division. DoD TBI Worldwide

Numbers. Accessed March 14, 2022. https://www.health.mil/

Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-

Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers

15. Dodson CC, Cordasco FA. Anterior glenohumeral joint dislocations.

Orthop Clin North Am. 2008;39(4):507-518.

16. Eagle SR, Kontos AP, Pepping GJ, et al. Increased risk of musculo-

skeletal injury following sport-related concussion: a perception-action

coupling approach. Sports Med. 2020;50(1):15-23.

17. Emery CA, Meeuwisse WH, Hartmann SE. Evaluation of risk factors

for injury in adolescent soccer: implementation and validation of an

injury surveillance system. Am J Sports Med. 2005;33(12):1882-1891.

18. 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):495-503.

19. Hauret KG, Jones BH, Bullock SH, Canham-Chervak M, Canada S.

Musculoskeletal injuries description of an under-recognized injury

problem among military personnel. Am J Prev Med. 2010;38(suppl

1):S61-S70.

20. Hewett TE, Myer GD, Ford KR, Paterno MV, Quatman CE. The 2012

ABJS Nicolas Andry Award: the sequence of prevention: a systematic

approach to prevent anterior cruciate ligament injury. Clin Orthop

Relat Res. 2012;470(10):2930-2940.

21. Hoge CW, McGurk D, Thomas JL, et al. Mild traumatic brain injury

in U.S. soldiers returning from Iraq. N Engl J Med. 2008;358(5):

453-463.

22. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15

sports: summary and recommendations for injury prevention initia-

tives. J Athl Train. 2007;42(2):311.

23. Houston MN, Hoch JM, Cameron KL, et al. Sex and number of con-

cussions influence the association between concussion and muscu-

loskeletal injury history in collegiate athletes. Brain Inj. 2018;32(11):

1353-1358.

24. Houston MN, O’Donovan KJ, Trump JR, et al. Progress and future

directions of the NCAA-DoD Concussion Assessment, Research, and

Education (CARE) Consortium and Mind Matters Challenge at the US

Service Academies. Front Neurol. 2020;11:542733.

25. Hovelius L, Saeboe M. Neer Award 2008: arthropathy after primary

anterior shoulder dislocation–-223 shoulders prospectively followed

up for twenty-five years. J Shoulder Elbow Surg. 2009;18(3):339-347.

26. Howell DR, Lynall RC, Buckley TA, Herman DC. Neuromuscular con-

trol deficits and the risk of subsequent injury after a concussion: a

scoping review. Sports Med. 2018;48(5):1097-1115.

27. Howell DR, Osternig LR, Chou LS. Detection of acute and long-term

effects of concussion: dual-task gait balance control versus comput-

erized neurocognitive test. Arch Phys Med Rehabil. 2018;99(7):

1318-1324.

28. Howell DR, Seehusen CN, Carry PM, et al. An 8-week neuromuscular

training program after concussion reduces 1-year subsequent injury

risk: a randomized clinical trial. Am J Sports Med. 2022:50(4):

1120-1129.

29. Jayanthi NA, LaBella CR, Fischer D, Pasulka J, Dugas LR. Sports-

specialized intensive training and the risk of injury in young athletes: a

clinical case-control study. Am J Sports Med. 2015;43(4):794-801.

8 Roach et al The Orthopaedic Journal of Sports Medicine

https://www.health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers
https://www.health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers
https://www.health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers


30. Jildeh TR, Castle JP, Buckley PJ, et al. Lower extremity injury after

return to sports from concussion: a systematic review. Orthop J

Sports Med. 2022;10(1):23259671211068438.

31. Jones BH, Canham-Chervak M, Canada S, Mitchener TA, Moore S.

Medical surveillance of injuries in the US military: descriptive epide-

miology and recommendations for improvement. Am J Prev Med.

2010;38(1):S42-S60.

32. Kardouni JR, Shing TL, McKinnon CJ, Scofield DE, Proctor SP. Risk

for lower extremity injury after concussion: a matched cohort study in

soldiers. J Orthop Sports Phys Ther. 2018;48(7):533-540.

33. Katz BP, Kudela M, Harezlak J, et al. Baseline performance of NCAA

athletes on a concussion assessment battery: a report from the CARE

Consortium. Sports Med. 2018;48(8):1971-1985.

34. Kim HY. Statistical notes for clinical researchers: chi-squared test and

Fisher’s exact test. Restor Dent Endod. 2017;42(2):152-155.

35. Lin CY, Casey E, Herman DC, Katz N, Tenforde AS. Sex differences in

common sports injuries. PM R. 2018;10(10):1073-1082.

36. Lynall RC, Mauntel TC, Padua DA, Mihalik JP. Acute lower extremity

injury rates increase after concussion in college athletes. Med Sci

Sports Exerc. 2015;47(12):2487-2492.

37. Mang CS, Whitten TA, Cosh MS, Dukelow SP, Benson BW. Assess-

ment of postural stability during an upper extremity rapid, bimanual

motor task after sport-related concussion. J Athl Train. 2020;55(11):

1160-1173.

38. Martini DN, Sabin MJ, DePesa SA, et al. The chronic effects of con-

cussion on gait. Arch Phys Med Rehabil. 2011;92(4):585-589.

39. McPherson AL, Nagai T, Webster KE, Hewett TE. Musculoskeletal

injury risk after sport-related concussion: a systematic review and

meta-analysis. Am J Sports Med. 2019;47(7):1754-1762.

40. Milano G, Grasso A, Russo A, et al. Analysis of risk factors for glenoid

bone defect in anterior shoulder instability. Am J Sports Med. 2011;

39(9):1870-1876.

41. Nordstrom A, Nordstrom P, Ekstrand J. Sports-related concussion

increases the risk of subsequent injury by about 50% in elite male

football players. Br J Sports Med. 2014;48(19):1447-1450.

42. Ochoa E Jr, Burkhart SS. Glenohumeral bone defects in the treatment

of anterior shoulder instability. Instr Course Lect. 2009;58:323-336.

43. Ogawa K, Yoshida A, Ikegami H. Osteoarthritis in shoulders with trau-

matic anterior instability: preoperative survey using radiography and

computed tomography. J Shoulder Elbow Surg. 2006;15(1):23-29.

44. Onate JA, Everhart JS, Clifton DR, et al. Physical exam risk factors for

lower extremity injury in high school athletes: a systematic review.

Clin J Sport Med. 2016;26(6):435-444.

45. Pallis M, Cameron KL, Svoboda SJ, Owens BD. Epidemiology of

acromioclavicular joint injury in young athletes. Am J Sports Med.

2012;40(9):2072-2077.

46. Patzkowski JC, Rivera JC, Ficke JR, Wenke JC. The changing face of

disability in the US Army: the Operation Enduring Freedom and

Operation Iraqi Freedom effect. J Am Acad Orthop Surg. 2012;

20(suppl 1):S23-S30.

47. Peck KY, Johnston DA, Owens BD, Cameron KL. The incidence of

injury among male and female intercollegiate rugby players. Sports

Health. 2013;5(4):327-333.

48. Pietrosimone B, Golightly YM, Mihalik JP, Guskiewicz KM. Concus-

sion frequency associates with musculoskeletal injury in retired NFL

players. Med Sci Sports Exerc. 2015;47(11):2366-2372.

49. Pietrosimone BG, Lepley AS, Ericksen HM, et al. Neural excitability

alterations after anterior cruciate ligament reconstruction. J Athl Train.

2015;50(6):665-674.

50. Pitt W, Chou LS. A case-control study of gait balance control in veter-

ans with chronic symptoms following mTBI. Gait Posture. 2020;76:

188-192.

51. Putukian M, Aubry M, McCrory P. Return to play after sports concus-

sion in elite and non-elite athletes? Br J Sports Med. 2009;43(suppl 1):

i28-i31.

52. Reneker JC, Babl R, Flowers MM. History of concussion and risk of

subsequent injury in athletes and service members: a systematic

review and meta-analysis. Musculoskelet Sci Pract. 2019;42:173-185.

53. Robbins CA, Daneshvar DH, Picano JD, et al. Self-reported concus-

sion history: impact of providing a definition of concussion. Open

Access J Sports Med. 2014;5:99-103.

54. Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. Vol 3.

Wolters Kluwer Health/Lippincott Williams & Wilkins; 2008.

55. Sammito S, Hadzic V, Karakolis T, et al. Risk factors for musculoskel-

etal injuries in the military: a qualitative systematic review of the liter-

ature from the past two decades and a new prioritizing injury model.

Mil Med Res. 2021;8(1):66.

56. Szklo M, Nieto F. Basic study designs in analytical epidemiology. In:

Szklo M, Nieto F. Epidemiology: Beyond the Basics. 2nd ed. Jones

and Bartlett; 2007:26-27.

57. Theeler BJ, Flynn FG, Erickson JC. Headaches after concussion in US

soldiers returning from Iraq or Afghanistan. Headache. 2010;50(8):

1262-1272.

58. Waterman BR, Belmont PJ Jr, Cameron KL, et al. Risk factors for

syndesmotic and medial ankle sprain: role of sex, sport, and level of

competition. Am J Sports Med. 2011;39(5):992-998.

59. Whitehead CR, Webb TS, Wells TS, Hunter KL. Airmen with mild

traumatic brain injury (mTBI) at increased risk for subsequent mis-

haps. J Safety Res. 2014;48:43-47.

60. Wilkerson GB, Grooms DR, Acocello SN. Neuromechanical consid-

erations for postconcussion musculoskeletal injury risk management.

Curr Sports Med Rep. 2017;16(6):419-427.

61. Zuckerman SL, Kerr ZY, Yengo-Kahn A, et al. 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 Postconcussion UE Musculoskeletal Injury Risk 9


	Risk of Upper Extremity Musculoskeletal Injury Within the First Year After a Concussion
	METHODS
	Study Design and Setting
	Participants
	Data Collection
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations and Future Research

	Conclusion
	Acknowledgment
	References



<<
  /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


