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INTRODUCTION
Concussion is one of the most common acquired brain injuries that 
may lead to health consequences affecting the patient’s health on 
several domains including physical and cognitive performance [1,2]. 
Awareness of concussion has increased in the medical community 
and scientific research in the last decade and has been mainly 
explored in adults [3-5]. Several studies indicate that adolescents 
are more likely to develop concussion compared to adults [6,7]. 
Previous studies found that concussion injuries affect several 
functional domains, including cognitive, balance, and mobility, and 
that these affected domains recover after concussion at different 
rates [8-11]. Utilising a comprehensive examination to assess 
concussion in different domains enables clinicians to determine the 
impact of the injury and assist in monitoring recovery [12,13]. 

Not all hits to the head cause a concussion. Studies of athletes’ 
head acceleration and deceleration showed that the amount of 
force exerted to the head that led to a concussion injury varies 
greatly [14,15].

Most concussion injuries resolve within a few weeks. However, 
patients with concussion are being seen in concussion clinics 
several months after their injury. In an effort to understand risk factors 
of acquiring a concussion, multiple studies identified preinjury and 
postinjury factors that influence concussion severity and recovery. 
Several symptoms and factors have been tied to prolonged 
recovery and worse prognosis of a concussion including dizziness, 
headache, migraine, prior concussion, female gender, and younger 
age [13,16-21]. 

Migraine has been identified as a common disorder reported after 
concussion which has been related to a worse prognosis after 
concussion [17,22]. Migraine is a headache associated with light 
and/or noise discomfort and should be diagnosed based on the 
International Headache Society criteria [23]. Migraine was described 
as one of the risk factors of concussion [24]. Eckner JT et al., 2017 

suggest that athletes with concussion should have a modified care 
plan when they present with migraine headache [25].

This study had two main objectives first was to compare the functional 
performance of children with concussion between migraineurs and 
non-migraineurs, second was to compare severity of symptoms of 
children with concussion between migraineurs and non-migraineurs. 
Hence, this study aimed to investigate and compare the effect 
of migraine between functional performance and self-reported 
symptoms in children with concussion.

MATERIALS AND METHODS
This cross-sectional study involved a convenience sample of 40 
symptomatic children (23 females) with concussion in which all 
children visiting the concussion clinic were screened for eligibility 
and approached for recruitment over a recruitment period of eight 
months. Children with concussion were recruited from a tertiary 
balance centre at the University of Pittsburgh Medical Centre, 
Pittsburgh, United States of America. This study was approved 
by the Institutional Review Board at University of Pittsburgh (Irb 
approval number: PrO11100023).

Inclusion criteria: Children were included in the study if they met 
the inclusion criteria of having a clinical diagnosis of concussion 
(within the past one year) based on a complete neurologic and 
neuro-otologic examination performed by a licensed neurotologist. 
The participants were children attending a mainstream school. 

Exclusion criteria: Children with central nervous system involvement 
other than migraine or concussion, significant learning difficulties, 
and/or an orthopaedic deficit affecting their balance or gait were 
excluded. Following the exclusion and inclusion criteria 35 participants 
were consented and finally included in study. All data collection was 
conducted by a physical therapist with expertise in examining and 
treating children with concussion. The inclusion and exclusion 
criteria as well as the study procedures and aims were explained to 
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ABSTRACT
Introduction: Several factors have been identified to influence 
concussion. Migraine has been identified as a common symptom 
reported after concussion which has been related to a worse 
prognosis. Concussion is a common brain injury that affects 
physical and cognitive performance. While several studies 
indicated that adolescents are more likely to develop concussion, 
in the last decade concussion has been mainly explored in adults. 

Aim: To investigate the effect of migraine on functional performance 
and self-reported symptoms in children with concussion.

Materials and Methods: This cross-sectional study involved 35 
symptomatic children with concussion aged 9-17 years recruited 
within one year from their concussion injury at a tertiary care 
centre in Pittsburgh, PA, Unites States of America. Participants’ 

symptoms and functional performance were assessed using the 
Postconcussion Symptoms Scale (PCSS) and the Functional 
Gait Assessment (FGA) respectively. Statistical Package for the 
Social Sciences (SPSS) Statistics for Windows (version 22; IBM 
Corp, Armonk, NY) was used for all statistical analysis.

Results: Mann-Whitney U test showed that concussed children 
with migraine had significantly worse symptoms of fatigue and 
visual problems (p<0.05). The participants had a mean age of 
14.03±2.47 years and 66% were females.

Conclusion: Although concussed children with and without 
migraine did not show any differences on functional performance, 
worse fatigue and visual symptoms were found in concussed 
children with migraine.
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the physicians at the balance centre. Physicians explained the study 
briefly and instructed the patients and their guardians to see the 
researcher if they were interested in learning more about the study. 
The methodology of the study was fully explained to the eligible 
children and their parents before participating in the study, and the 
participants signed informed consent.

Sample size calculation: Sample size was estimated using G Power 
software [26] using PCSS values reported from a previous study 
of 84 children (mean age=15.7, SD=1.6 years) with and without 
migraine. The analysis revealed that a sample of 16 participants 
(8 participants in each group) is needed to capture difference on 
PCSS between 2 independent groups with alpha level of 0.05 and a 
power of 0.80 for an effect size of 1.6 that was calculated from the 
previous study [22]. 

After consenting, participants’ demographics including age, gender, 
height, weight, Body Mass Index (BMI), migraine, number of previous 
concussions, and the date of the concussion injury were collected 
by the investigator. Participants’ functional performance was 
assessed using the FGA, which was performed by a trained 
physical therapist in the same session shortly after completing 
the PCSS. The FGA is a 10 item performance based test that 
includes nine walking tasks under different conditions, in addition 
to stair climbing. The tasks of the FGA include normal gait, gait 
with change in speed, gait with horizontal and vertical head turns, 
gait with a quick pivot turn, gait with stepping over obstacles, 
walking heel to toe, gait with eyes closed, walking backwards, 
and climbing and descending steps. The FGA has a score range 
of 0 to 30 with each task rated from 0 to 3. A lower FGA score 
indicates worse performance [27].

Participants were contacted by mail after the gait data were 
collected and were asked to provide consent for retrieval of the 
PCSS from their patient chart. Participants’ concussion symptoms 
were assessed using a computerised version of the PCSS. The 
PCSS is a self-reported symptoms assessment tool used in clinical 
settings to evaluate the severity of concussion symptoms. The PCSS 
includes 22 items with a score range of 0 to 132. The participants 
were asked to rate the intensity of their symptoms including 
drowsiness, dizziness, nausea, vomiting, headache, imbalance, 
visual problems, fatigue, sleeping less or more than usual, sensitivity 
to light and noise, emotional symptoms, nervousness, irritability, 
sadness, feeling foggy or slowed down, numbness, and difficulties 
with remembering and concentrating. Each item is rated by the 
participant on a 0 to 6 Likert scale. A higher score on PCSS indicates 
worse concussion symptoms [28]. The participants performed the 
PCSS on a computer in a private room to eliminate distractions. A 
trained staff member was available if the participant required any 
help completing the PCSS.

STATISTICAL ANALYSIS
The descriptive data were reported by their means and standard 
deviations. Independent samples t-test and independent samples 
Mann-Whitney U test were used as appropriate to test differences 
between children with and without migraine. Exact p-values were 
reported. The significance level was set at p-value <0.05. The SPSS 
Statistics for Windows (version 22; IBM Corp, Armonk, NY) was 
used for all statistical analysis.

RESULTS
Forty children with concussion were invited to participate in the study 
with only 35 children meeting the inclusion and exclusion criteria of 
the study. All participants consented and completed demographics 
questionnaire and FGA testing. The PCSS results from clinical 
records were available from 21 participants [Table/Fig-1].

[Table/Fig-1]: Flowchart of the participants.

Variable

All n=35 Migraine n=15
No migraine 

n=20

p-valueMean Sd Mean Sd Mean Sd

Age (years) 14.03 2.47 14.13 2.10 13.95 2.76 0.831

Gender

Female n (%) 23 66% 12 34% 11 31%
0.123

Male n (%) 12 34% 3 9% 9 26%

Height (m) 1.59 0.14 1.59 0.12 1.60 0.15 0.794

Weight (kg) 54.60 15.73 53.22 11.63 55.70 18.59 0.656

Body mass index 
(kg/m2)

21.12 3.60 20.94 2.74 21.27 4.23 0.793

Number of previous 
concussions

1.53 0.81 1.64 0.81 1.47 0.83 0.608

Time since 
concussion (days)

77.85 60.97 98.42 70.57 61.40 48.36 0.119

Functional gait 
assessment

26.91 2.88 26.87 2.61 26.95 3.14 0.934

[Table/Fig-2]: Demographic characteristics of the participants and comparisons 
between children with concussion with and without migraine on demographic 
characteristics and Functional Gait Assessment (FGA) scores.
p-value for all variable use independent samples t-test; for gender Chi-square test used; 
m=meter; kg=kilogram

The included participants had a mean age of 14.03±2.47 years and 
66% were females. No significant differences were found between 
concussed children with and without migraine in demographic 
characteristics. Furthermore, no significant differences were found 
between concussed children with and without migraine in FGA 
scores [Table/Fig-2].

Concussed children with migraine showed a trend of increased 
symptoms compared to concussed children without migraine on 
all items of the PCSS as well as the total PCSS score except for 
two items, the vomiting and the sleeping more than usual. Although 
most symptoms were worse in children with migraine, only few 
reached statistical significance. In fatigue symptoms concussed 
children with migraine showed significantly (p=0.043) increased 
symptoms (mean=2.00, SD=1.89) than concussed children without 
migraine (mean=0.45, SD=0.93). Concussed children with migraine 
reported significantly (p=0.024) worse visual problems (mean=2.10, 
SD=1.97) than concussed children without migraine (mean=0.36, 
SD=0.92) [Table/Fig-3].
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Variable

All n=21 Migraine n=10
No migraine 

n=11
p-

valueMean Sd Mean Sd Mean Sd

PCSS (Total) 23.52 23.28 32.60 27.71 15.27 15.37 0.114 

Headache 2.35 1.73 2.70 1.77 2.00 1.70 0.393

Nausea 0.57 1.25 0.70 1.34 0.45 1.21 0.654

Vomiting 0.00 0.00 0.00 0.00 0.00 0.00

Balance Problems 1.10 1.41 1.5 1.58 0.73 1.19 0.282

Dizziness 1.29 1.45 1.5 1.65 1.09 1.30 0.654

Fatigue 1.19 1.63 2.00 1.89 0.45 0.93 0.043*

Trouble falling asleep 1.29 2.15 2.10 2.77 0.55 1.04 0.387

Sleeping more than 
usual 0.38 1.12 0.30 0.48 0.45 1.51 0.512

Sleeping less than 
usual 1.05 2.09 2.00 2.71 0.18 0.60 0.197

Drowsiness 1.24 1.55 1.80 1.87 0.73 1.01 0.197

Sensitivity to light 1.81 1.57 2.00 1.41 1.64 1.75 0.468

Sensitivity to noise 1.81 1.57 2.2 1.55 1.45 1.57 0.251

Irritability 1.24 1.79 1.8 2.35 0.73 0.90 0.654

Sadness 0.48 1.36 0.60 1.90 0.36 0.67 0.605

Nervousness 0.38 0.80 0.70 1.06 0.09 0.30 0.223

Feeling more emotional 0.76 1.64 1.00 2.16 0.55 1.04 >0.999

Numbness or tingling 0.19 0.68 0.40 0.97 0.00 0.00 0.468

Feeling slowed down 1.05 1.43 1.50 1.72 0.64 1.03 0.349

Feeling mentally foggy 1.38 1.63 1.90 1.91 0.91 1.22 0.223

Difficulty concentrating 2.05 1.60 2.80 1.69 1.36 1.21 0.061

Difficulty remembering 0.86 1.46 1.00 1.89 0.73 1.01 0.756

Visual problems 1.19 1.72 2.10 1.97 0.36 0.92 0.024*

[Table/Fig-3]: Comparisons between children with concussion with and without 
migraine on the PCSS and the individual items of PCSS.
p-value obtained from Independent samples Mann-Whitney U Test. No participants reported 
vomiting symptoms. *significant p-value <0.05

female participants. In this study, female participants accounted for 
66% of the sample while in other studies female participants were 
approximately one third of their samples [25,37]. The increased 
percentage of migraine in our sample can be explained by that fact 
that migraines are more common in females than males [38]. In the 
current study, the presence of migraine was assessed by asking 
the participant and/or their guardians. Furthermore, the migraine 
was not specified if it was acquired before or after the concussion 
injury. Future studies should use a confirmed diagnosis of migraine 
and document if migraine was acquired before or after concussion. 
Other factors has shown to influence migraine effects on concussed 
children such as familial history [22] and should also be considered 
in future studies. A main strength point of this study was the 
incorporation of an objective measure of functional performance 
using the FGA test and the subjective measure of symptoms 
severity using PCSS which allows for comparing between the 
patient’s complain and his/her functional impairments. 

Because only 60% of the subjects completing the PCSS in the study, 
it may have decreased the ability to capture differences between 
the concussed children with and without migraine. Furthermore, the 
variability of the time since injury may have resulted in a heterogenic 
sample which further decreases the ability to find significant 
differences between groups.

Limitation(s)
Limitations of this study included the cross-sectional design that did 
not allow the study to assess differences of concussion recovery 
trajectory between concussed children with and without migraine. 
Another limitation is the small number of participants in the study 
that may have reduced the power of the study to detect significant 
differences between the groups. Furthermore, reduction in number 
of participants completing the PCSS test further decreased the 
power of this study.

CONCLUSION(S)
Although migraine symptoms did not show differences on gait 
performance, migraineur’s had worse fatigue and visual symptoms 
in children postconcussion. Gait and subjective symptoms appear 
to be testing two separate domains after concussion in children. 
Special considerations should be given when managing concussed 
children with migraine as they may show worse symptoms than 
concussed children without migraine.
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