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Early symptom burden predicts recovery
after sport-related concussion

ABSTRACT

Objective: To identify independent predictors of and use recursive partitioning to develop a mul-
tivariate regression tree predicting symptom duration greater than 28 days after a sport-related
concussion.

Methods: We conducted a prospective cohort study of patients in a sports concussion clinic. Par-
ticipants completed questionnaires that included the Post-Concussion Symptom Scale (PCSS).
Participants were asked to record the date on which they last experienced symptoms. Potential
predictor variables included age, sex, score on symptom inventories, history of prior concussions,
performance on computerized neurocognitive assessments, loss of consciousness and amnesia
at the time of injury, history of prior medical treatment for headaches, history of migraines, and
family history of concussion. We used recursive partitioning analysis to develop a multivariate
prediction model for identifying athletes at risk for a prolonged recovery from concussion.

Results: A total of 531 patients ranged in age from 7 to 26 years (mean 14.6 6 2.9 years). The
mean PCSS score at the initial visit was 26 6 26; mean time to presentation was 12 6 5 days.
Only total score on symptom inventory was independently associated with symptoms lasting
longer than 28 days (adjusted odds ratio 1.044; 95% confidence interval [CI] 1.034, 1.054
for PCSS). No other potential predictor variables were independently associated with symptom
duration or useful in developing the optimal regression decision tree. Most participants (86%;
95% CI 80%, 90%) with an initial PCSS score of ,13 had resolution of their symptoms within
28 days of injury.

Conclusions: The only independent predictor of prolonged symptoms after sport-related concus-
sion is overall symptom burden. Neurology® 2014;83:2204–2210

GLOSSARY
PCSS 5 Post-Concussion Symptom Scale.

Prospective cohort studies consistently show that most people who sustain sport-related concus-
sions have resolution of their symptoms within a relatively short time period, with more than
90% of athletes recovering within a month of injury.1–3 A small proportion of athletes, however,
have prolonged symptoms from their concussions. Previous investigators have studied potential
predictors of prolonged recovery such as age, sex, history of previous concussion, amnesia at the
time of injury, loss of consciousness at the time of injury, measures of cognitive function,
individual symptoms such as headaches and dizziness, and collective symptom burden.4–12

The ability to predict which patients will have prolonged symptoms would allow clinicians to
institute therapies sooner, offer anticipatory guidance, and put occupational or academic accom-
modations in place earlier in the course of recovery. From the patient’s perspective, anticipation
of a prolonged recovery would facilitate more informed decisions regarding the initiation of
therapies and participation in work, school, and sports.

Using a large, prospective cohort of patients with sport-related concussions, we sought to
identify independent predictors of symptom duration greater than 28 days after sport-related
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concussion. Furthermore, we sought to use
multiple potential predictors to develop a pre-
dictive model that would estimate the proba-
bility of having prolonged symptom duration
after a sport-related concussion.

METHODS Research design and participants. We con-

ducted a prospective cohort study of patients who presented to

the Sports Concussion Clinic at Boston Children’s Hospital

within 3 weeks of their injury between October 1, 2009, and

July 31, 2011. We included all patients who sustained their

concussions during organized sports and those who sustained

their concussions as a result of mechanisms similar to sports, such

as participating in gym class or falling from a standing position.

Patients with more severe injury mechanisms, such as falling from

a height or motor vehicle collisions, were excluded. In addition,

we excluded patients with incomplete data collection forms and

medical records, such that the duration of symptoms could not be

reliably determined. Some participants (n 5 151) were included

in a previous analysis.13 Although based at Boston Children’s

Hospital, the Sports Concussion Clinic cares for patients of all

ages, including adults.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the institutional review

board of Boston Children’s Hospital.

Definitions. Concussion was defined according to the definition
proposed by the International Conference on Concussion in

Sport.14 Therefore, athletes experiencing a rapid rotational accel-

eration of the head resulting in the onset of signs and symptoms

included in the Post-Concussion Symptom Scale (PCSS) were

diagnosed with concussion.

Assessments. Participants completed an initial intake question-

naire and standard follow-up questionnaires developed at the

clinic until they were discharged from care. Data regarding date

of injury, mechanism of injury, presence of loss of

consciousness or amnesia at the time of injury, sport played at

time of injury, history of prior concussions, and medical history

were collected on intake forms. At each follow-up clinic visit,

participants whose symptoms had resolved were asked to record

the date on which they last experienced symptoms. Symptoms

were recorded on the PCSS that was published as part of the

Sport Concussion Assessment Tool Version 2 (SCAT 2; http://

www.cces.ca/files/pdfs/SCAT2%5B1%5D.pdf) developed at the

3rd International Conference on Concussion in Sport held in

Zurich, Switzerland, in November 2008.14 The PCSS is a list

of 22 symptoms that commonly result from concussion.

Athletes rate the level they are experiencing each symptom on a

scale from 0 (none) to 6 (severe). Thus, scores range from a

possible 0, for athletes who are symptom-free, to 132 (6 3

22), for athletes experiencing each symptom severely. Most of

the signs and symptoms included on the PCSS are nonspecific,

and can result from other etiologies besides concussion. As we

were only interested in symptoms attributable to their

concussions, athletes were instructed to rate only those

symptoms that started at the time of their injury and were still

present within the 24 hours before the clinic visit.5,13 Symptom-

free was defined as a PCSS score of 0.

Physicians determined whether or not to obtain neurocognitive

testing, based on their usual practice. Therefore, not all participants

underwent testing at their initial visit. When performed, computer-

ized neurocognitive assessments were performed using ImPACT, a

well-studied tool used for assessing the neurocognitive function of

athletes at risk for sport-related concussions.12,15–19 The assessment

consists of an initial questionnaire regarding medical history, a

symptom inventory, and 6 neurocognitive modules designed to

evaluate athletes’memory, attention, processing speed, and reaction

time. From these data, 4 composite scores are generated: verbal

memory, visual memory, visual motor speed, and reaction time.

Assessments were performed while the athletes were alone in a quiet

room. As we sought to develop predictors of prolonged recovery,

only the data from the initial visit were analyzed.

Statistical analyses. Previous studies have demonstrated that

the majority of athletes will recover from their sport-related

concussions within 4 weeks of injury.2,3,20,21 Furthermore, we

do not routinely change our clinical management of concussion

for the first several weeks after injury. Therefore, we sought to

identify predictors of prolonged recovery beyond 28 days.

Clinically, we define recovery as (1) symptom-free at rest and

with exertion after discontinuing any medications started to

treat concussion symptoms, (2) return to baseline measures of

neurocognitive function (when available), and (3) return to

baseline measures of postural stability (when available).

Measures of postural stability and neurocognitive function,

however, are only assessed at clinic visits; they are not

performed daily. Thus, we cannot determine precisely when an

athlete has recovered according to these criteria. We can only

determine if he or she has recovered by the time of his or her

clinic visits. Therefore, we chose symptom duration, defined as

the time (days) between the date of injury and the date of last

symptoms, as the main outcome variable.

Potential predictor variables were determined from the avail-

able medical literature and consisted of age, sex, initial score on

symptom inventories, history of prior concussions, number of

prior concussions, performance on computerized neurocognitive

Table 1 Sports played by participants at the
time of injurya

Sport
Number of
participants

Ice hockey 116

Football 97

Soccer 87

Basketball 78

Lacrosse 39

Skiing/snowboarding 27

Fall from standing 21

Gym class/playground activity 17

Baseball 11

Wrestling 9

Struck in the head by person (not
during sports)

7

Bicycling 6

Rugby 6

Head struck a stationary object 6

aFive patients or fewer sustained their concussion during
each of the following activities: equestrian, cheerleading,
softball, field hockey, volleyball, running/track and field,
sledding, sailing, dance, swimming, fighting, diving, figure
skating, gymnastics, walking, racquet sports.
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assessments, loss of consciousness at the time of injury, amnesia at

the time of injury, history of medical treatment for headaches,

self-reported history of migraine headaches, and family history

of concussion.1,10,16,20,22–26 Univariate analyses of continuous var-

iables were assessed using Student t test. Categorical variables
were assessed using the x2 test. All potential predictor variables

that differed between the 2 groups (those with symptoms lasting

beyond 28 days and those whose symptoms resolved within 28

days) with a statistical probability of p , 0.20 were placed into a

logistic regression model in order to determine the independent

effect of each variable on symptom duration, reported as an

adjusted odds ratio. Any adjusted odds ratio with a 95% confi-

dence interval that did not include 1.0 was considered statistically

significant. As is common when developing logistic regression

models, we used a lower threshold for significance when deciding

which variables to enter into the model, since the true size and

significance of the effect of certain variables may be masked by

potential confounding variables.27 No inferences are drawn from

these analyses; they are simply a screening to determine which

independent variables are included in the model. Before entering

variables into the regression model, we assessed for collinearity

using variable inflation factors. When 2 variables were collinear

with a variable inflation factor of .2.5, only 1 variable was

included in a given regression model.

In addition, we sought to develop a multivariate prediction

model for identifying athletes at risk for a prolonged recovery

from concussion using recursive partitioning analysis (Classifica-

tion and Regression Trees, version 7, Salford Systems, Palo Alto,

CA). The advantage of this analysis is that it allows for the detec-

tion of significant patterns and relationships among predictive

variables, identifying the most predictive cutoff points for each

variable with predictive value.28 Recursive partitioning analysis

uses the Gini method to develop a classification tree. A “parent”

node is divided into “child” nodes using available candidate pre-

dictors. At each branch point of the tree, the variable that best

separates parent node into the most homogenous nodes based on

the binary outcome variable is used. The recursive partitioning

analysis also determines the best cutpoints for continuous varia-

bles, those cutpoints that most reliably discriminate the outcome.

Finally, the optimal decision tree is developed, which balances the

proper identification of the outcome with the fewest branches.

The software performs an internal V-fold cross-validation proce-

dure to develop the best tree: the dataset is divided into 10 equal

parts with random distribution of outcome variable, and then the

model is derived with 9 parts (the learning set) and tested with

1 part (the validation set). This cross-validation is repeated 10

times, and the results are combined to develop the predictive

accuracy and error rates for the tree. At the end of the analysis,

all subjects are divided into high-risk and low-risk subset nodes

for the outcome variable.

RESULTS A total of 1,124 patients were seen in
clinic during the study period; 593 patients were
excluded for presenting to clinic more than 21 days
after their injury (n5 469), not having a precise date
of injury recorded in the medical record or question-
naire (n5 117), or having a nonsports mechanism of
injury (n 5 7). Of the remaining 531 patients, 129
(24%) had computerized neurocognitive testing per-
formed at their initial visit.

Table 2 Univariate comparisons of potential predictor variables

Potential predictor variable
Participants with symptoms
£28 days (n 5 296)

Participants with symptoms
>28 days (n 5 235) p Value

Continuous variables

Mean age, y 14.5 14.6 0.671

Mean initial PCSS score 16 40 ,0.01

Mean number of prior concussions 0.79 0.82 0.837

Participants with computerized neurocognitive
testing at initial visit

No. 5 86 No. 5 43

Mean verbal memory 84.05 75.47 0.004

Mean visual memory 71.16 61.40 0.002

Mean visual motor speed 35.53 30.58 0.005

Mean reaction time 0.60 0.68 0.003

Mean symptom scorea 8.78 27.50 ,0.01

Categorical variables, n/N (%)b

Male sex 194/296 (65.5) 135/235 (57.5) 0.059

Loss of consciousness at time of injury 60/268 (22.4) 52/220 (23.6) 0.747

Amnesia at time of injury 85/278 (30.6) 95/221 (43.0) 0.005

History of prior concussion 131/295 (44.4) 87/235 (37.0) 0.092

Prior treatment for headaches 30/291 (10.3) 43/230 (18.7) 0.007

History of migraines 20/291 (6.9) 22/227 (9.7) 0.259

Family history of concussion 97/286 (33.9) 90/226 (39.8) 0.196

Abbreviation: PCSS 5 Post-Concussion Symptom Scale.
aSymptom scale from computerized neurocognitive assessment.
b The denominator for comparisons varies, as not all participants answered every question.
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Patients ranged in age from 7 to 26 years, with a
mean age of 14.6 6 2.9 years; 61 patients were adults
(.18 years old). Nearly two-thirds (62.4%) of partic-
ipants were male. The mean PCSS score at the initial
visit was 26 6 26. At the time of injury, 21.1% of
participants experienced a self-reported loss of conscious-
ness, while 33.1% reported experiencing amnesia. More
than one-third (34.7%) of athletes had sustained at least
one previous sport-related concussion and 14.1% had
sustained a prior concussion that occurred outside of
sports. The mean number of prior concussions sustained
by participants was 0.79 6 1.27. Relatively few partic-
ipants reported a previous diagnosis of migraine head-
aches (8.0%) or medical treatment for headaches
(13.9%) prior to their concussion. The mean time
between injury and presentation to clinic was 12.0 6

5.3 days. The number of days between injury and initial
clinic visit was weakly correlated with initial PCSS score
(Spearman rho 0.251). Most patients sustained their
injury during collision or contact sports (table 1).

Among the continuous variables assessed, initial
score on the PCSS and all composite scores on com-
puterized neurocognitive tests met criteria for inclu-
sion in the regression model (table 2). Of the
categorical variables, sex, history of prior concussion,
amnesia at the time of injury, prior treatment for

headaches, and family history of concussion met cri-
teria for inclusion in the model (table 2).

When regression analyses were performed on the
entire sample, only total symptom burden as recorded
on the PCSS at the time of initial visit was indepen-
dently associated with symptom duration of greater
than 28 days (table 3). When regression analyses were
repeated on the sample of patients that had comput-
erized neurocognitive testing at the time of their initial
visit, again, only symptom burden was independently
associated with symptoms lasting longer than 28 days
(table 3).

Our recursive partitioning analysis found that
PCSS score at the time of initial visit was the variable
that best predicted symptom duration, with only one
branch point (PCSS cutoff point of 13) included in
the optimal decision tree (figure 1). Additional anal-
yses using only those patients who had computerized
neurocognitive assessment performed at the time of
their initial visit again revealed that PCSS score at the
time of initial visit was the variable that best predicted
symptom duration with only one branch point (PCSS
cutoff point of 11) included in the optimal decision
tree (figure 2).

DISCUSSION We hoped that by using multiple var-
iables we could develop a clinical model for predicting
which athletes who sustain sport-related concussions
are at highest risk for prolonged symptoms beyond
28 days. Our study suggests, however, that the best
predictor of prolonged symptoms after sport-related
concussion is simply total symptom burden at the
time of presentation. Although the cutoff point
changed slightly when those participants who
underwent neurocognitive testing were assessed
separately, the best predictor of prolonged symptoms
remained total symptom burden at the time of
presentation, with computerized neurocognitive test
scores having no independent association with
duration of symptoms. None of the other potential
predictor variables was independently associated with
prolonged symptom duration. In addition, the optimal
decision tree for predicting prolonged recovery did not
include any other potential predictor variables. Age,
amnesia, sex, history of previous concussions, and
computerized neurocognitive test scores were neither
independently associated with prolonged symptom
duration nor useful in addition to total symptom
burden for developing a predictive model.

Our study adds further evidence suggesting that
the variable most important for predicting prolonged
symptoms from concussion is total symptom burden.
In our population, the majority (86%) of patients
with a PCSS score ,13 at presentation had symp-
toms that resolved within 28 days. In contrast, 65%
of athletes with a PCSS score$13 at the time of their

Table 3 Independent effect of potential predictor variables on odds of
persistent concussive symptoms for more than 28 days

Variable
Adjusted odds
ratio

95% Confidence
interval

Entire sample (n 5 531)

PCSSa score 1.044 1.034, 1.054

Male sex 1.004 0.655, 1.541

Amnesia at time of injury 1.011 0.650, 1.574

Prior treatment for headaches 0.697 0.379, 1.282

Family history of concussion 0.794 0.517, 1.219

Prior concussion 1.465 0.954, 2.250

Subset with neurocognitive testing at initial visit
(n 5 129)

Symptom scorea 1.082 1.037, 1.127

Sex 2.030 0.730, 5.645

Amnesia 1.616 0.492, 5.309

Prior treatment for headaches 0.488 0.140, 1.702

Family history of concussion 2.089 0.593, 7.356

Prior concussion 1.137 0.414, 3.122

Verbal memory composite 0.996 0.949, 1.045

Visual memory composite 0.997 0.956, 1.040

Visual motor speed composite 0.929 0.855, 1.009

Reaction time 0.599 0.003, 108.241

PCSS 5 Post-Concussion Symptom Scale.
a Symptom score from computerized neurocognitive assessment.
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first visit had prolonged symptoms, lasting more than
28 days, compared to only 14% of those with a lower
score (figure 1). When planning for the care of ath-
letes with sport-related concussions, clinicians might
provide anticipatory guidance and consider earlier
introduction of therapies for those athletes with a
PCSS score of 13 or higher.

Our findings are consistent with our prior work. In
a smaller study, we found only initial symptom burden
was independently associated with symptom duration
of greater than 28 days.13 In addition, Chrisman
et al.4 conducted a retrospective cohort study of ath-
letes participating in the High School Reporting Infor-
mation Online injury surveillance system. They

showed that athletes who reported 4 or more symp-
toms after sport-related concussion had more than
double the risk of having symptoms for longer than
1 week. Their results also suggested that several other
variables, such as history of prior concussions, amnesia,
dizziness, nausea, and difficulties with concentration,
were associated with symptom duration lasting longer
than 1 week for certain athletes. McCrea et al.9 also
sought to determine variables associated with symp-
toms lasting greater than 7 days by conducting a ret-
rospective analysis of 3 prospectively collected datasets.
Their results suggested that loss of consciousness,
amnesia, and higher symptom severity levels were all
associated with symptoms lasting longer than 7 days

Figure 2 Optimal classification and regression tree for participants who had computerized neurocognitive
testing during initial visit

The 129 patients who underwent computerized neurocognitive testing were analyzed separately to determine any added
value of such testing in predicting symptom duration. Again, the most useful variable for distinguishing patients who had
symptoms for longer than 28 days from those with shorter recoveries was Post-Concussion Symptom Scale (PCSS) score
at the time of the initial visit. The optimal cutoff point changed slightly in this population, such that those with a PCSS score
of 11 or higher at their initial visit were more likely to have symptoms that lasted beyond 28 days.

Figure 1 Optimal classification and regression tree for all participants

The most useful variable for distinguishing patients who had symptoms for longer than 28 days from those with shorter
recoveries was Post-Concussion Symptom Scale (PCSS) score at the time of the initial visit with an optimal cutoff point
of 13; those with a PCSS score of 13 or higher at their initial visit were more likely to have symptoms that lasted beyond
28 days.
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postinjury. Other investigators have found that subjec-
tive fogginess, amnesia at the time of injury, dizziness
at the time of injury, and neurocognitive test scores
were associated with a prolonged duration of symp-
toms, with varying definitions for prolonged, rang-
ing from longer than 7 days to longer than 21
days.4,9,11,12,18,29 We chose 28 days as our outcome,
as have other investigators,13,30 for 2 main reasons:
(1) the vast majority of athletes who sustain sport-
related concussions will be symptom-free by the end
of 4 weeks2,3,20,21; and (2) when athletes’ symptoms
persist beyond 4 weeks without substantial
improvement, we start to consider changes to their
management.

Our findings must be considered in light of their
limitations. Our study population consisted of pa-
tients cared for in a dedicated sports concussion clinic
at an academic teaching hospital. There is likely a dif-
ference between the concussions referred to such a
center and those cared for in other settings such as
primary care offices. This likely explains, in part,
the higher proportion of patients in our sample who
had symptoms beyond a month than has been
observed in studies using more general samples.

The only independent predictor of prolonged
symptoms after sport-related concussion appears to
be overall symptom burden. For those athletes with
higher symptom scale scores after a concussion, clini-
cians should consider anticipatory guidance and early
initiation of treatment. Future models to more accu-
rately predict the likelihood of prolonged symptoms
after concussion should focus on symptom burden.
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