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bjective: To investigate differences in clinical outcomes on the basis of gender and age
fter a moderate or severe concussion in a cohort of physically active subjects examined by
single clinician.
esign: A descriptive, cross-sectional, retrospective chart review of consecutive patients.
etting: Outpatient assessments by a single clinician with expertise in sports concussion.
atients: Physically active subjects seen for evaluation after a concussion experienced
hile participating in sports (N � 194; 215 concussions; age mean � standard deviation �
9.19 � 8.53 years) were included.
nterventions (Independent Variables): Intergroup differences and associations
ere examined by gender, age group (�18 years and 18� years), and concussion grade for

ll outcome measures.
ain Outcome Measurements: Separate �2 tests were used to assess associations

etween gender, age group, and symptom duration group (�7 days, 8-90 days, �90 days),
he presence of depression, the presence of loss of consciousness, altered school or work,
nd concussion grade. Separate independent samples t-tests was used to examine differ-
nces in symptom reporting and time to recovery.
esults: No association was observed between gender and any measured characteristics

P � .05). Subjects 18 years or older took longer to recover (315.77 days), compared with
ounger subjects (91.31 days) (t213 � �2.01, P � .049). Older subjects also reported more
oncussions than did younger ones, 4.33 and 2.37, respectively (t213 � �3.77, P � .001).
onclusions: All concussions included in this study were moderate to severe in nature as
efined by the Revised Cantu Grading Scale. Contrary to existing literature regarding gender
ifferences in concussion of a lesser severity, no gender differences were observed in this
ample. Age differences were observed, with the population of subjects who were 18 years
nd older experiencing a greater number and duration of concussion symptoms than the
ounger group. Developing evidence-based return-to-play progressions and rehabilitation
trategies in this population is the next frontier for concussion researchers.

PM R 2010;2:1088-1093

NTRODUCTION

erebral concussion can be a disabling injury that affects both children and adults.
ymptoms that appear after concussive injury are classified as somatic (eg, headache,
ausea, vomiting, and balance problems), cognitive (eg, feeling slowed down, feeling in a
og, and having difficulty concentrating or remembering), and neurobehavioral (eg, fatigue,
adness, and nervousness). These symptoms, which can present in an acute, delayed, or
hronic fashion, often negatively affect quality of life. In literature concerning the cumula-
ive effects of concussion, investigators have described increased risk of depression [1],
emory problems [2], and subsequent injury [3,4]. In younger athletes, multiple concus-

ions may result in prolonged recovery and negatively affect performance at school [5,6]. In
ddition, these younger athletes may be at greater risk for injury [7]. School-age athletes
ay have difficulties in school as a result of concussion [5,6]. It is important to understand
ifferences across age groups to better understand differences in management and recovery.
S
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Recently, attention has shifted to gender differences in
oth occurrence of concussion and deficits after a concussive

njury. A 2008 study of United States high school and colle-
iate athletes observed a greater incidence of concussion in
emale soccer and basketball athletes compared with their

ale counterparts [8]. Other authors suggest that female
thletes who have sustained a concussion are more likely to
eport a greater number and severity of symptoms [9] and
ay perform differently on measures of neuropsychological
erformance [9-11]. This combined body of literature illus-
rates the importance of properly understanding, recogniz-
ng, and managing concussion in persons across gender.

uch of the aforementioned literature has focused on colle-
iate-age and high school–age athletes, with little attention
evoted to age differences after injury. In this study we
ought to investigate a unique sample of sport-concussed
ubjects, all of whom were diagnosed and managed by a
ingle neurosurgeon and who sustained moderate to severe
oncussive injuries during the period of 2007 to 2008.

The purpose of this study was to describe characteristics
f a unique sample of subjects after they experienced a
oderate to severe concussive injury and to assess associa-

ions of gender, age, and concussion characteristics such as
ymptom duration, number and proximity of previous con-
ussions, loss of consciousness (LOC), and amnesia.

ETHODS

wo hundred fifteen office consultations by a single clinician
194 patients; age mean � SD � 19.19 � 8.53 years) during
2-year period (2007-2008) for sport-induced concussion
ere studied with use of a structured chart review. No

nstitutional review is required for this type of research at the
tudy institution. Only concussions experienced during
ports activity were included in the study. Two hundred

able 1. Cantu Grading Scale [12]

rade 1 (mild) No LOC/PTA �30 min, PCSS �24 h
rade 2 (moderate) LOC �1 min or PTA �30 min but

�24 h or PCSS �24 h but �7 d
rade 3 (severe) LOC �1 min or PTA �24 h or PCSS

�7 d

eprinted with permission from the Journal of Athletic Training.
LOC � loss of consciousness; PCSS � postconcussion signs/symptoms
ther than amnesia; PTA � posttraumatic amnesia (anterograde/retrograde).

able 2. Subject characteristics

Variable

Gender

Male

ge (y) 19.07 � 8.85
o. of concussions 3.02 � 2.82
uration of symptoms, d 194.18 � 681.29
o. of symptoms 11.45 � 5.86
alues in table are means � SD.
orty-seven charts were screened and 53 were excluded on
he basis of non–sport-related injury. All subjects were either
ctive or retired athletes experiencing symptoms after a con-
ussion. Data collected included age; gender; self-reported
ast medical diagnosis of depression and/or attention deficit
isorder (ADD) or attention deficit hyperactivity disorder
ADHD); sport played; mechanism of injury; frequency of
oncussion; severity of concussion; and the number, type,
nd duration of symptoms. Symptom assessment was per-
ormed via a direct clinical interview. Each incident concus-
ion evaluated in this study was graded for severity with use
f the Cantu revised scale (Table 1) [12]. Also charted was
hether cognitive adjustments were required for school or
ork.
Previous concussion data were collected, including the

umber of previous concussions, time between concussions,
nd concussion grade. Information regarding symptom pres-
nce, duration, and severity for previous concussions also
as obtained. Results were computed with use of general
escriptive statistics and �2 analyses where appropriate to
ssess general associations between gender, age group, and
rade of concussion. Where expected counts were less than
, Fisher exact tests were used, and only a P value is reported.
lpha level was set to 0.05 a priori for all analyses. Separate

ndependent samples t-tests were used to examine differ-
nces in symptom reporting and time to recovery.

ESULTS

otal Sample Characteristics

onsecutive athletic concussions seen during a 2-year period
ere included in this descriptive study. This total included 215

oncussions with 68 (31.6%) of these concussions sustained by
emale subjects and 147 (68.4%) of these concussions sustained
y male subjects who ranged in age from 10 to 62 years. The
ajority of concussions (n � 145; 67.4%) were sustained by

ubjects younger than 18 years. A first concussion was the type
ost frequently observed (n � 78; 27.0%), followed by a

econd concussion (n � 77; 26.5%), and a third concussion
n � 47; 21.9%). Overall, 19 (8.8%) of the concussions were
ustained by subjects with a diagnosed history of clinical depres-
ion, and 8 (3.7%) were sustained by subjects with a previous
iagnosis of ADD/ADHD. Table 2 presents subject characteris-
ics regarding age and clinical characteristics. Table 3 presents

Age Group

male <17 y >18 y

� 7.84 15.12 � 1.69 27.61 � 10.62
� 2.75 2.37 � 1.27 4.33 � 4.26
� 130.15 91.31 � 234.83 315.77 � 924.67
� 6.28 12.12 � 5.92 11.49 � 6.14
Fe

19.43
2.97

100.00
12.91
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1090 Cantu et al ANALYSIS OF MODERATE TO SEVERE ATHLETIC CONCUSSIONS
escriptive data related to symptoms and outcomes for the
ncident concussions (those evaluated by the lead investigator).

According to the revised Cantu grading scale, 186
86.5%) of the 215 concussions observed were grade 3, and
5 (30.2%) resulted in subjects reporting a symptom dura-
ion that qualified as postconcussion syndrome (symptoms

90 days). By using a classification scheme [13] in which we
dentified patients with prolonged recovery as lasting 1

onth or longer, we found that 111 (51.6%) of the concus-
ions resulted in subjects presenting with symptoms in this
ange. Of the total 215 concussions, approximately one third
n � 69; 32.1%) resulted in patients reporting an alteration
n work or school as a result of the concussion.

In this cohort, American football (n � 53; 24.7%) repre-
ented the sport that was associated with the most concus-
ions, followed by ice hockey (n � 51; 23.7%) and soccer
n � 32; 14.9%). The overall reported mechanisms of injury
or the 215 concussions were contact between head and
laying surface (n � 82; 38.1%,), followed by contact be-
ween head and other body part (n � 49; 22.8%) and
ead-to-head or helmet-to-helmet contact (n � 39;18.1%);
owever, the most common mechanism within sports differs.
n football, head-to-head or helmet-to-helmet contact was
he most common mechanism (n � 28/53; 52.8%); in
ockey, contact between head and playing surface was the
ost common mechanism (n � 25/51; 49.0%); and in soc-

er, contact between head and equipment (n � 9/32; 28.1%)
nd contact between head and playing surface (n � 9/32;
8.1%) were the most common mechanisms.

oncussion Grade

o association was found between grade of concussion and
rouped (1-2 or 3�) concussion history (�2 � 0.038, P �

able 4. Symptom duration groups frequencies by gender

Gender
<7 Days 7-89 Days >90 Days

�2 Valuen (%) n (%) n (%)

Male 24 (16.3) 78 (53.1) 45 (30.6) �2 � 3.65

able 3. Description of concussion characteristics and outcom

Variable
Reporting Yes in

Sample n (%)
Male (n � 14

n (%)

eturn to play 89 (41.4) 61 (41.5)
epression 63 (29.3) 41 (27.9)

oss of consciousness 69 (32.1) 46 (31.3)
ltered school/work 69 (32.1) 50 (34.0)
rade 3 concussion 186 (86.5) 126 (85.7)

The columns in this table do not add up to 100% because each row is desc
eading.
Female 5 (7.4) 43 (63.2) 20 (29.4) P � .161
845), LOC (incident concussion; �2 � 0.524, P � .469), or
epression (incident concussion; �2 � 0.432, P � .511).

ender Differences

lthough not statistically significant, 5 concussions sustained
y female subjects resulted in a recovery of less than 7 days
7.4%) compared with 24 concussions (16.3%) sustained by
ale subjects during this same period (Table 4). Additional

nalyses revealed no association between gender and diagno-
is of depression (�2 � 0.447, P � .504). With respect to
ncident concussions, there was no association between gen-
er and grade of concussion (�2 � 0.253, P � .615) or the
resence of LOC (�2 � 0.137, P � .712). However, the
verall prevalence of LOC was relatively high in the total
ample of concussions, with 69 of 215 injuries (32.1%)
esulting in LOC. Depression was reported as a symptom
fter 63 of 215 injuries (29.3%), with 7 of the these 63
epressive reports occurring in people self-reporting a previ-
us diagnosis of clinical depression.

ge Differences

significant association was found between age groups and
ymptom duration, with subjects older than 18 years being
ore likely to experience symptoms for longer than 90 days

Table 5). A significant difference in the mean duration of
ymptoms (t213 � �2.01, P � .049) and in the number of
oncussions (t213 � �3.77, P � .001) also was found in the
lder group (�18 years; Table 2). No association was found
etween age group and grade of concussion, LOC, or depres-
ion (P � .05).

� 215 concussions)*

der Age Group

Female (n � 68) <18 y (n � 145) >18 y (n � 70)
n (%) n (%) n (%)

28 (41.2) 63 (43.4) 26 (37.1)
22 (32.4) 40 (27.6) 23 (32.9)
23 (33.8) 49 (33.8) 20 (28.6)
19 (27.9) 50 (34.5) 19 (27.1)
60 (88.2) 124 (85.5) 62 (88.6)

f the characteristic across the portion of the sample mentioned in the column

able 5. Symptom duration group by age

Age(y)
<7 Days 7-89 Days >90 Days

�2 Valuen (%) n (%) n (%)

�17 18 (12.4) 95 (65.5) 32 (22.1) �2 � 18.99
es (N

Gen

7)

riptive o
�18 11 (15.7) 26 (37.1) 33 (47.1) P � .001
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ISCUSSION

he subjects described in this study represent characteristics
f moderate to severe concussion, which have been reported
ess frequently than other types of concussion in the litera-
ure. The majority of these incident concussions resulted in
ymptoms lasting significantly longer than the 7 to 10 days
ost often reported for high school and collegiate athletes

14,15]. Although gender does not appear to be a factor in the
uration of symptoms in this sample, the adults (�18 years)
xperienced symptoms, on average, for approximately 50
ays longer than did the youth/adolescent patients. These age
ifferences in recovery raise issues surrounding lifetime cu-
ulative effects of concussion and the strong likelihood that

ubconcussive injuries, combined with concussive injuries,
resent a dose-response with respect to overall symptomatol-
gy and recovery. This sample is different from those previ-
usly reported in the literature because a single clinician
onducted all the evaluations. As mentioned, the majority of
he concussions experienced in this clinical sample resulted
n extended recovery periods beyond 7 to 10 days.

verall Sample

he majority of the sample reported a much longer duration
f symptoms and time to return to play compared with most
revious literature examining sport concussions, in which
he authors have suggested recovery between 7 and 10 days
fter injury [15-18]. In most of those studies, the athlete
eing asymptomatic was the indicator of recovery. However,
growing body of literature suggests that there may be many
eficits after concussion, including postural control [19,20],
ognitive issues [21], and underlying neurologic complica-
ions [22] that may not resolve in 7 to 10 days.

Advanced physiological technology, such as functional
agnetic resonance imaging [23] and electroencephalogra-

hy [24], indicate that there may be alterations in brain
unction extending beyond this typical 7- to 10-day window.

ore advanced postural control assessment, including Sen-
ory Organization Testing and calculation of approximate
ntropy, also may suggest this extended recovery period
19,20]. These studies support the notion of many concus-
ive injuries resulting in recovery periods extending beyond
he typical 7- to 10-day window, and clinicians should be
ware of the possibility of these extended recovery periods.

A large proportion of the concussions experienced by our
ubjects were their first concussions, and an association did
ot exist between the number of concussions and the severity
f the evaluated injury. This finding is similar to that of a
tudy of collegiate athletes [3,15]. A lack of association be-
ween previous concussion history and grade of current
oncussion emphasizes that each concussion should be
reated on an individual basis. Our findings may compliment
hose of Giza and Hovda [25], who propose a cascade of

vents involving a chemical imbalance that last several days d
fter a concussive injury. Along with the evidence suggesting
more delayed recovery, some investigators suggest that

ecovery can continue for weeks [26,27] and even years [28]
fter injury. The senior author (R.C.C.) has personal experi-
nce with 4 patients (R.C.C., unpublished data) who recov-
red from postconcussion syndrome after experiencing 2
ears of symptoms and one patient who recovered after
xperiencing 5 years of symptoms.

This study also found a much greater presence of reported
rief LOC (32%) and depression (29%) compared with the
esults from previous studies [15,29]. The greater incidence
f brief LOC may be attributed to the careful history obtained
rom the athlete rather than relying solely on on-field obser-
ations. It bears mentioning that the great majority (88.4%)
f athletes fit the Cantu Grade III [12] severity level based on
uration of symptoms (�7 days) rather than LOC longer
han 1 minute. The unusually high incidence of depression
ay be attributed to the nearly 15% in the total sample who
ere diagnosed with depression before sustaining the con-

ussion. Recent imaging studies have indicated changes in
rain function related to areas that could contribute to de-
ressive symptoms after injury [30,31].

Despite the increased presence of these 2 symptoms,
either was linked to grade of concussion, further indicating
hat brief LOC may not serve as a reasonable isolated marker
f concussion severity. However, no mild concussions (re-
olving in �7 days) were part of this dataset; therefore,
omparisons with this type of mild injury cannot be made.
nother important characteristic of the data is that 34% of

hose sampled reported an alteration in school or work as a
esult of the concussion. This finding emphasizes that con-
ussion often has a detrimental effect on quality of life,
specially cognitive function. Previous literature has sug-
ested effects on school performance in high school athletes
6] and effects on memory and mental well-being later in life
1,2].

ender Differences

lthough not statistically significant, we observed a trend of
ewer concussions sustained by female subjects, 7.4% versus
6.3%, who recovered in the first 6 days after injury; how-
ver, too few subjects displayed this short symptom duration
o know whether this trend would continue. Despite this
nding, the average length of recovery was similar between
ale and female subjects, suggesting that symptom recovery

s no different between male and female athletes who have
ustained moderate to severe concussion.

Covassin et al [9] suggested that female subjects were
ore likely to report a greater number of concussive symp-

oms than were male subjects; however, our data do not
upport this finding. A recent study [32] is concordant with
ur findings, suggesting no clinical association between gen-

er and the number or presence of symptoms after concus-
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1092 Cantu et al ANALYSIS OF MODERATE TO SEVERE ATHLETIC CONCUSSIONS
ive injury. No other significant findings related to associa-
ions with gender were found, suggesting overall minimal to
o gender differences related to characteristics of concussion
valuated in this study. As a result of the uniqueness of this
tudy’s population compared with other studies, some of
hese results may differ from those of other studies in which
he authors suggest gender differences [8-10].

ge Differences

he findings of our study suggest that subjects 18 years or
lder with more complicated concussions may be more likely
o report symptoms lasting longer than 90 days, with a
reater average duration of symptoms than that experienced
y persons younger than 18 years. This finding may be
xplained by the significantly greater number of concussions
xperienced by the older group or perhaps by the effects of
ncreased plasticity in the younger brain. No other age-
elated differences surrounding symptom presence, out-
omes, or characteristics of concussion were found.

tudy Limitations

t should be noted that these data were obtained from a single
linician’s evaluation of these injuries, which presents some
ias in the sample. However, these findings illustrate the
eed for further research concerning more moderate to se-
ere cerebral concussions. We also recognize a potential
imitation that this sample does not represent the preponder-
nce of concussions classified as “mild.”

ONCLUSION

indings in the study sample—among whom nearly 90%
xperienced symptoms longer than 1 week and more than
0% qualify as postconcussion syndrome with symptoms

asting longer than 1 month—strongly indicate that a large
umber of concussions sustained by athletes may not resolve
ithin the typical 7- to 10-day time span after injury. Appli-

ations of these findings are limited to moderately and se-
erely concussed athletes. In addition, the study was retro-
pective in nature. The data may be skewed and less
eneralizable as a result of the clinical sample and self-report
ata used to obtain ADHD/ADD and depression history.
owever, these findings underscore the need for further

thletic concussion research, especially on this population
ith prolonged symptoms that largely has been understud-

ed. Individual management of each injury and an emphasis
n delaying return to activity until patients have completely
ecovered from the previous concussion is paramount. De-
eloping evidence-based return-to-play progressions and re-
abilitation strategies in this population is the next frontier

or concussion researchers.
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