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ABSTRACT

Background: Concussions are common among 

adolescents, and disordered sleep may influ-

ence symptom severity and recovery. We 

explored how sleep–wake symptoms present 

in adolescents with persisting postconcussion 

symptoms and how sleep disturbances affect 

their recovery.

Methods: We conducted an exploratory study 

at the Adolescent Complex Concussion Clinic 

(G.F. Strong Rehabilitation Centre) to examine 

sleep-related issues in adolescents aged 12 to 

18 years who had been treated at the clinic 

for persisting postconcussion symptoms. We 

reviewed the charts of 49 adolescent patients 

and conducted semi-structured interviews 

with 12 patients. The patients who were inter-

viewed were from the same clinic but not spe-

cifically from the 49 chart-review patients.
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Results: Seventy-one percent of patients report

ed moderate to severe tiredness/fatigue at 

intake. Sleep disturbances on the Rivermead 

Post Concussion Symptoms Questionnaire  

were positively correlated with restlessness, 

fatigue, and bedtime worrying. Three key themes  

were identified from the semi-structured  

interviews: persistent sleep disturbances, chal-

lenges related to restricted daily activities, and 

a desire for clearer explanations of care plans. 

In both the chart review and the interviews, 

difficulty initiating sleep, restlessness, and 

daytime impairment were prominent. 

Conclusions: Our findings highlight the need 

for targeted assessment and management of 

sleep disturbances as an essential component 

of care for adolescents experiencing prolonged 

postconcussion symptoms.

Background
In Canada, pediatric mild traumatic brain 
injuries, commonly referred to as concus-
sions, are highly prevalent—an estimated 
35 000 children and adolescents aged 5 to 
19 years sustained a concussion in 2022, 
and emergency department visits for these 
injuries have doubled in recent decades.1,2 
These numbers likely do not fully represent 
the true incidence, because many concus-
sions are not reported. While most ado-
lescents make a full recovery by 1 month, 
symptoms that persist beyond 28 days are 
referred to as persisting postconcussion 
symptoms. They affect 33% of pediatric 
patients at 1 month and approximately 
15% to 20% at 3 months.3 The high preva-
lence of persisting postconcussion symp-
toms among adolescents highlights the need 
for standardized protocols in concussion 
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care4 and a harmonized multidisciplinary 
approach. Adolescents and children respond 
differently to concussion than adults do, 
and they often have prolonged recover-
ies. Well-recognized risk factors for the 
development of persisting postconcussion 
symptoms include adolescence, female sex, 
anxiety or depression, history of migraines, 
headache as an initial symptom, fatigue, 
sensitivity to noise, and previous concus-
sion with symptoms lasting longer than 1 
week.3,5 More recently, pre-existing sleep 
disorders have also been recognized as an 
independent predictor of persisting symp-
toms following concussion.6

Emerging research has identified sleep 
as a factor that influences symptom severity 
and the trajectory of concussion recovery; 
adolescents who suffer from sleep distur-
bances are more likely to have reduced 
quality of life, exacerbated symptoms, and 
prolonged recovery times.7-10 Therefore, 
identifying and appropriately managing 
sleep disturbances is a critical aspect of care 
for adolescents with persisting postconcus-
sion symptoms. However, in the community 
setting, sleep disturbances are often over-
looked or not systematically evaluated due 
to limited access to sleep specialists and 
sleep testing; thus, they become a cause of 
systemic bias in clinical practice.11 Despite 
many years of clinical reporting, it remains 
unclear whether postconcussion sleep dis-
turbances are due to an underlying sleep 
disorder, poor sleep health (e.g., reduced 
duration of sleep, nonrestorative sleep) 
secondary to abrupt lifestyle changes after 
concussion,12 or direct disruption of neural 
networks.

Our primary objective in this study was 
to explore the presentation and personal 
experiences of adolescents with persist-
ing postconcussion symptoms who were 
referred to a quaternary-level interdisci-
plinary provincial concussion clinic based 
on a sleep–wake behaviors perspective. Our 
goals were (1) to explore how sleep–wake 
symptoms in adolescents with persist-
ing postconcussion symptoms present in 
clinical practice and (2) to recognize the 
negative impact of sleep disturbances on 

postconcussion symptoms and patient 
perceptions of recovery. Although empiric 
evidence for the management of persisting 
postconcussion symptoms in adolescents 
remains limited, our qualitative exploratory 
study may provide information about the 
type of sleep challenges pediatric patients 
face after a concussion and thus reinforce 
the need for tailored management of sleep 
symptoms.

Methods
We conducted our study at the Adoles-
cent Complex Concussion Clinic (AC3) 
at the G.F. Strong Rehabilitation Cen-
tre, the only interdisciplinary provincial 
pediatric program that targets adolescents 
between the ages of 12 and 18 years who 
suffer from prolonged concussion symp-
toms and live in British Columbia, a prov-
ince with approximately 1 million children 
and adolescents [Box 1]. We reviewed the 
charts of adolescent patients who had 
been treated at the AC3 for persisting 
postconcussion symptoms (University of 
British Columbia Behavioural Research 
Ethics Board ID H19-01186). We then 
conducted semi-structured interviews 
with AC3 patients to capture their lived 
experience with persisting postconcussion 
symptoms (University of British Columbia 
Behavioural Research Ethics Board ID 
H21-02911). The patients who were inter-
viewed were from the AC3 clinic but not 
specifically from the chart-review patients.

Clinical presentations
Patient data collected prospectively includ-
ed demographics (e.g., age, sex); concussion 
history (e.g., total number of concussions, 
date of most recent injury, most recent 
mechanism of injury); and sleep-related 

items from three standardized question-
naires completed at first presentation to 
the clinic: the Rivermead Post Concus-
sion Symptoms Questionnaire (RPQ),13 
the Kutcher Adolescent Depression Scale 
(KADS),14 and the Patient-Reported Out-
comes Measurement Information System 
(PROMIS) anxiety scale.15 We also ana-
lyzed patients’ clinical reports to find indi-
cators of the five domains of the explorative 
BEARS mnemonic: B stands for bedtime 
(exploring situations associated with dis-
orders of initiating sleep), E stands for 
excessive daytime sleepiness (affected day-
time functioning due to potential sleep 
disorders), A stands for awakenings (chal-
lenges with sleep maintenance), R stands for 
routines/regularity, and S stands for snoring 
(as the core symptom of sleep-disordered 
breathing).16

We used IBM SPSS Statistics to conduct 
our statistical analysis. Spearman’s correla-
tions were calculated to determine the rela-
tionship between “sleep disturbance” reported 
in the RPQ and other sleep–wake symptoms 
reported in the RPQ (e.g., “fatigue, tiring 

The AC3 at the G.F. Strong Rehabilita-
tion Centre was created in 2012 to 
provide provincewide interdisciplin-
ary outpatient concussion treatment 
for youth 12 to 18 years of age with 
persisting postconcussion symptoms, 
coexisting risk factors or condi-
tions, and complex presentations, 
which often prolong and complicate 
recovery. 

Follow-up is provided for return to 
learning, sports, and social activities.

The AC3 team consists of occupa-
tional therapists, G.F. Strong School 
Program teachers, a pediatric and 
adolescent physical medicine and 
rehabilitation specialist, a physio-
therapist, a neuropsychologist, and a 
social worker.

BOX 1. Adolescent Complex Concussion Clinic 
(AC3), G.F. Strong Rehabilitation Centre.

Sleep dysfunction is both 
a symptom of concussion 

and a risk factor for 
persisting postconcussion 
symptoms in adolescents.
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more easily”; “restlessness”), the KADS (e.g., 
“feeling tired, feeling fatigued, low in energy, 
hard to get motivated, have to push to get 
things done, want to rest or lie down a lot”), 
and the PROMIS anxiety scale (e.g., “I worry 
when I go to bed at night”). 

Semi-structured interviews
The results of the chart review guided the 
questions for the semi-structured inter-
views. Four categories of interest were 
identified: (1) concussion experiences and 
symptoms directly following the most 
recent concussion; (2) persistent symptoms, 
including sleep difficulties in follow-up; 
(3) treatment-related patient perspectives, 
with a focus on the patient’s involvement 
in decision making; and (4) willingness of 
the patient to participate in future research, 
given their individual experiences.

Inclusion criteria required participants 
to be former AC3 patients who had been 
treated between the ages of 12 and 18 years, 

were between 13 and 30 years at the time 
of the interview, and were fluent English 
speakers. Participants were recruited via 
email invitation. Once a potential partici-
pant expressed interest, research assistants 
scheduled a phone conversation to review 
the consent/assent forms and ensure their 
comprehension. Assent was obtained from 
participants aged 13 to 18, in conjunc-
tion with parental consent. Consent was 
obtained only from participants aged 19 or 
older. Participants received $25 in compen-
sation. Two research assistants conducted 
the interviews using the university-licensed 
version of Zoom. Both video and audio were 
recorded for transcription and stored via 
Zoom cloud recordings. Transcripts were 
anonymized, and three research assistants 
analyzed the data using descriptive statistics 
for each domain (demographics, symptoms, 
sleep disturbances, perception of treatment, 
future research) and category/question (e.g., 
keywords used repeatedly). 

Results
Clinical presentations
In total, 50 patient charts were reviewed. 
One patient was excluded due to missing 
chart information; therefore, 49 patients 
(aged 12 to 18 years at the time of treat-
ment) were included in the study. Using the 
BEARS screening concept, 43/49 (88%) 
patient charts reported altered sleep–wake 
behaviors [Table]. 

The most prevalent sleep–wake issues 
identified by the sleep-related items on the 
questionnaires were “fatigue, tiring more 
easily” on the RPQ—reported as mod-
erate or severe (on a scale of not experi-
enced, mild, moderate, or severe) by 71% 
of patients—and “feeling tired, feeling 
fatigued, low in energy, hard to get moti-
vated, have to push to get things done, want 
to rest or lie down a lot” on the KADS ques-
tionnaire, which affected 70% of patients 
most or all of the time (on a scale of some, 
much, most, or all of the time). Thirty-three 
percent of patients rated “restlessness” as 
moderate or severe on the RPQ.

“Sleep disturbance” was positively cor-
related with “restlessness” on the RPQ 
(Spearman’s r = 0.554, P < .01); with “feel-
ing tired, feeling fatigued, low in energy, 
hard to get motivated, have to push to get 
things done, want to rest or lie down a lot” 
on the KADS questionnaire (Spearman’s r = 
0.566, P < .01); and with “I worry when I 
go to bed at night” on the PROMIS anxiety 
scale (Spearman’s r = 0.360, P < .05). 

Semi-structured interviews
We conducted interviews with 12 patients 
(mean age = 18.67 years; eight males and 
four females) [Figure 1]. All of them led 
active lifestyles: five participants played con-
tact sports, and the others participated in 
noncontact sports. All but two participants 
had experienced a sport-related concussion. 
On average, 12% of the interview time was 
spent discussing sleep (range = 6% to 23%).

Nighttime experiences: When asked about 
their sleep prior to their concussions, only 
two participants reported having difficulty 
sleeping. Following their concussions, all 

Characteristic n (%)

  Age Mean: 15 ± 1.7 years

  Male/female 25 (51)/24 (49)

  Time from last concussion to intake Mean: 3.4 ± 3.7 months

Cause of concussion

 � Sport/recreation (e.g., “hit head on ice while playing hockey,” 
“thrown from a horse”)

38 (78)

  Transport (e.g., “collided with a car while bicycling”) 6 (12)

 � Head struck object (e.g., “hit head on metal door,” “hit head against 
iron ladder”)

5 (10)

Number of concussions Mean: 2.7 ± 1.5

  1 12 (25)

  2–5 34 (69)

  ≥ 6 3 (6) 

Additional sleep items (BEARS)

  Bedtime 19 (39)

  Excessive daytime sleepiness 33 (67)

  Awakenings 8 (16)

  Routines/regularity 26 (53)

  Snoring 1 (2)

TABLE. Characteristics of study participants treated at the Adolescent Complex Concussion Clinic. 
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12 participants reported at least two night-
time symptoms that affected their sleep 
[Figure 1]. One participant mentioned 
their sleep experiences only once, but when 
asked about their nighttime symptoms, they 
reported difficulty falling asleep (up to 1 
hour), nighttime restlessness in their lower 
limbs, and nightly awakenings. 

Participant statements were selected 
based on their clarity and relevance. One 
participant, who suffered two concussions 
from playing lacrosse, elaborated on their 
insomnia experiences when asked about 
sleep changes prior to and following their 
concussion and identified their main dif-
ficulties: “I could sleep pretty well before; 
it would take me like 15 minutes to fall 
asleep, which was like pretty good, but after 
my concussions, and still kind of now, it 
takes me about an hour to fall asleep, or 
like half an hour if I’m like really tired, 
but I can never fall asleep right away. I’m 
always moving my legs. I don’t know what 
I’m doing . . . just when I’m sleeping, my 
legs are just always moving for a while. I 
don’t know why.”

Daytime experiences: Irritability was the 
most common daytime symptom, followed 
by headaches, sensitivity to light and noise, 
memory disturbances, fatigue, fidgeting/

restlessness, dizziness, and posttraumatic 
stress symptoms [Figure 1]. One partici-
pant described daytime and nighttime irri-
tability and restlessness as a continuum: 
“I needed a lot—a lot—of sleep. But I 
wouldn’t be able to sleep, like I wouldn’t 
be able to, you know, be able to fall asleep. 
I would be a little restless, and I was very 
irritable. That’s another symptom. So I was 
always hyperactive and agitated in my head. 
Never very calm.”

Lifestyle experiences: All participants 
described how their lives were affected by 
limitations. Seven participants experienced 
challenges returning to school following 
their concussions, with three of them men-
tioning that the school setting increased 
the severity of their symptoms. One par-
ticipant expressed the emotions associated 
with their new limitations: “More of kind 
of like anxiety, in a sense. . . . I wasn’t as 
outgoing, type of thing. I kind of more kept 
to myself. . . . When I got [the concussion], 
it kind of like took me out from playing 
sports and everything; it kind of just like 
built up even more.”

Experiences with treatment: Nine of the 
12 participants felt adequately involved in 
decisions about their treatment. The other 

three either did not feel involved, felt they 
were not involved because of their age, or 
were not asked during their interview. 

Discussion 
Given the high prevalence of adolescent 
concussions in Canada1 and the associa-
tion between concussions and sleep dis-
turbances,17 we explored how sleep–wake 
symptoms present in adolescents with per-
sisting postconcussion symptoms and how 
sleep disturbances affect their recovery. To 
our knowledge, this is the first report of 
semi-structured qualitative interviews con-
ducted with adolescents who suffer from 
persisting postconcussion symptoms. A 
review of national and provincial concus-
sion guidelines that include the pediatric 
population [Figure 2] identified sleep as a 
main consideration in the management of 
concussions.18-20 

Our data showed that daytime impair-
ments, which were captured by questions 
about tiredness, fatigue, and the need to 
rest or lay down, were the most significant 
sleep–wake symptoms reported on two sep-
arate questionnaires at the time of initial 
consultation, with 71% of the chart review 
patients rating these symptoms as moder-
ate or severe and 70% stating they occurred 
most or all of the time. Additionally, 88% 

FIGURE 1. Postinjury symptoms reported by interview participants.

Participant code
Age
Sex

Number of concussions

5 6 7 10 4 9 11 12 8 2 1 3
19 18 19 20 15 20 19 20 21 17 17 19
M F F M F F M M M M M M
1 1 1 1 2 2 2 2 4 5 5 10

Difficulty falling asleep
Morning tiredness

Awakenings
Increased sleep/altered routines

Nighttime restlessness
Nightmares

Irritability 
Headaches

Daytime symptoms

Sensitivity to light and noise
Memory disturbances

Fatigue
Fidgeting/daytime restlessness

Dizziness
Posttraumatic stress symptoms

Nighttime symptoms
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of the chart review patients had at least 
one altered sleep–wake behavior based on 
the explorative BEARS screening concept. 
Evidence has shown that sleep dysfunc-
tion is both a symptom of concussion and 
a risk factor for persisting postconcus-
sion symptoms in adolescents.6,21 Notably, 
Milewski and colleagues found that middle 
school and high school athletes who slept 
less than 8 hours per night were 1.7 times 
more likely to sustain a sport injury, includ-
ing a concussion.22 This raised the question 
about whether screening athletes for sleep 
disturbances and providing sleep health 
counseling would reduce the incidence of 
concussion in this population [Box 2], par-
ticularly considering the increased atten-
tion on concussion education and awareness 
among interested parties.23 

Follow-up appointment to address:
•	 Symptom severity. 
•	 Functional status.
•	 Return to school/activity/sport status.

Repeat the focused exam if the patient has continued sleep disturbances 
lasting more than 1–2 weeks.18 

The BC Injury Research and Prevention Unit published a study in 2024 
indicating that 76% of children and youth (aged 5 to 18 years) who had 
concussions did not receive any follow-up care.19

If symptoms persist past 4 weeks, the patient could be suitable for the 
Adolescent Complex Concussion Clinic. Admission criteria include the 
following:

1.	 Aged 12 to 17 years, or 18 years of age and in high school.

2.	 Diagnosed with a complex concussion in the last 12 months. Complex 
concussion is characterized by either: 

a.	 Persistent symptoms for more than 1 month postconcussion.

b.	 Persistent symptoms of less than 1 month postconcussion with at least 
one of the following risk factors: prior concussion, history of learning 
disability, diagnosis of attention-deficit/hyperactivity disorder or other 
developmental disability, history of migraine or headaches, history of 
depression or mood disorder or anxiety, and/or sleep disorder.

3.	 Must have been seen by their local family physician, pediatrician, and/
or concussion clinic but now needs specialized care due to unresolved 
complex and persistent postconcussion symptoms.

4.	 No severe or untreated substance use disorder or mental health condition.

1–2 weeks postinjury If the patient has sleep problems

Management of sleep disturbances postinjury

Screen for factors that influence the sleep–wake cycle:18 

•	 Medical concerns (e.g., sleep-related breathing 
disorders, metabolic dysfunction).* 

•	 Comorbid psychopathology (e.g., mood or anxiety 
disorders, nightmares, terrors). 

•	 Current medications (e.g., dosage, timing, use of 
stimulants).

•	 Unhealthy habits (e.g., excessive napping, lack of 
exercise).

Nonpharmacological 
•	 Improve sleep hygiene.
•	 Reduce stimulating substances.
•	 Consider cognitive-behavioral therapy if the above 

measures are insufficient.18,20

Pharmacological 
•	 Melatonin, zinc, and magnesium.18,20

•	 If there is no improvement after 6 weeks, a 
short course of a tricyclic antidepressant (e.g., 
amitriptyline), an atypical antidepressant 
(mirtazapine or trazodone), or a sedative-hypnotic 
(zopiclone) could be considered, with caution and 
close follow-up.18,20 

*�Given the significant impact of sleep-related movement  
disorders, we strongly advocate for their inclusion in this list.

FIGURE 2. Summary of national and provincial concussion guidelines that include pediatric populations. 

Persisting postconcussion symptoms 
can significantly affect school, leisure, and 
socialization. This often leads to frustra-
tion, anxiety, and/or depression,24 which 
were common themes identified in our 
interviews. Moreover, anxiety and depres-
sion have been shown to be positively asso-
ciated with reduced sleep quality following 
concussion.25 Another major theme we 
identified based on the interviews was per-
sistent sleep disturbances following con-
cussion. When we investigated adolescents’ 
perspectives on the effects of concussion 
and/or persisting postconcussion symp-
toms on their lived experiences, each par-
ticipant reported at least two sleep-related 
symptoms postconcussion. Difficulty fall-
ing asleep and morning tiredness were the 
most common complaints. Seventy-five 

percent of interview participants reported 
experiencing either daytime or nighttime 
restlessness, which was strongly correlat-
ed with sleep disturbance. Restlessness 
has several differential diagnoses. Dur-
ing the daytime, it may be associated with 
attention-deficit/hyperactivity disorder, 
whereas during periods of rest or during 
transitions from wakefulness to sleep, it 
may be due to sleep-related movement 
disorders, such as restless legs syndrome or 
periodic limb movements in sleep. Walk-
er and colleagues reported an increased 
prevalence of restless legs syndrome in 
adults following concussion compared 
with a control group (32.0% vs 2.7%).26 
To our knowledge, no study has investi-
gated restless legs syndrome in the pediat-
ric population, either as a pre-existing but 
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unrecognized condition or as one that is 
unmasked after concussion. The impact of 
restless legs syndrome on daytime func-
tioning is substantial. It has been shown to 
have a negative influence on children and 
adolescents’ mood and irritability, and it 
has been linked to higher rates of suicide 
and self-harm in adults.27,28

The relationship between sleep and con-
cussion is likely bidirectional and is not 
easily diagnosed at a primary care level. The 
lack of readily available and accessible over-
night sleep testing to objectively measure 
sleep architecture, sleep phase disturbances, 
arousability, and breathing makes diagno-
sis and management challenging, even at a 
specialty clinic level.

The final theme we identified from the 
interviews was that adolescents yearned 
for explanations, despite generally feeling 
adequately involved. Prioritizing the patient 
rather than the injury in collaborative 
assessments of persisting postconcussion 
symptoms promotes meaningful interac-
tions with pediatric patients, their parents, 
and interdisciplinary professionals.29 This 
also highlights the need for shared language 
and support for our youth as they navigate 
health care, as demonstrated by the use of 
the PROMIS anxiety scale at the AC3 to 
capture individualized patient-reported 
outcomes.

Study limitations 
We reviewed concussions in the adolescent 
population from both sleep and rehabili-
tation medicine perspectives. Both per-
spectives identified significant functional 
burden during school and daytime activi-
ties due to daytime impairment and sleep 
dysfunctions.

The AC3 did not use a sleep-specific 
questionnaire, and the sleep-related ques-
tionnaire items used are not semantically 
specific enough. The questionnaires assess 
restlessness, impaired daytime functioning, 
and difficulty falling asleep, but they leave 
other important areas of sleep medicine 
to be covered by a single question on the 
RPQ about “sleep disturbances.” Data from 
only one clinic were reviewed. In both our 

chart reviews and interviews, the number 
of patients was limited. Despite collect-
ing information according to a prospec-
tive protocol, the available clinical data 
were collected retrospectively, and some 
charts were incomplete. The time between 
the most recent injury and assessment at 
the clinic was not standardized, despite all 
patients being assessed months after their 

last concussion. Further, comprehensive 
follow-up data are missing, which makes 
it difficult to review many symptoms of 
interest (e.g., sensory discomfort, pain, bal-
ance). We can expect that sleep disturbances 
would be even more common in this col-
lective, given that formal sleep assessments 
were not conducted and a validated sleep 
questionnaire was not used.

Current guidelines recognize pre-existing sleep disorders as predictors of persistent 
postconcussive symptoms and frame sleep as a therapeutic target following 
concussion. However, they do not provide proactive recommendations for 
systematic sleep health screening prior to injury.

In routine practice, sport stakeholders receive educational materials that describe 
concussion definitions and mechanisms; symptom recognition; prevention 
strategies; and recommended management pathways, including return-to-school, 
return-to-sport, and medical clearance requirements.23 From both knowledge 
dissemination and injury prevention perspectives, we propose a stepped-care 
approach that begins with brief screening for impaired daytime functioning related 
to pre-existing sleep disturbances or sleep disorders prior to participation in 
organized sports or physical activities. This recommendation aligns with the sleep–
wake framework of the World Health Organization’s International Classification of 
Diseases, 11th revision (ICD-11), which conceptualizes sleep and wakefulness as 
integrated and interdependent processes. As an initial step, sport stakeholders 
could ask the following screening questions:
•	 Are your physical performance and/or daytime functioning affected by your sleep?
•	 How do you feel upon awakening? Do you feel refreshed after sleep?
•	 How would you describe your sleep?
•	 How many hours of sleep do you get per night, on average?

Any identified red flags should prompt presentation to a primary care provider for a 
structured sleep history. This assessment should include familial sleep history, early 
childhood sleep patterns, and systematic screening across the six major sleep–wake 
disorder categories defined in the ICD-11:
1.	 Insomnia disorders.
2.	 Hypersomnolence disorders.
3.	 Sleep-related breathing disorders.
4.	 Circadian rhythm sleep–wake disorders.
5.	 Sleep-related movement disorders.
6. 	Parasomnia disorders.

Such a proactive strategy may strengthen both primary and secondary prevention 
in sport-related concussion management by establishing baseline sleep health, 
reducing vulnerability to sport-related injury, and potentially lowering the risk of 
prolonged recovery.

BOX 2. Recommendations for systematic sleep health screening.

Hill O, Boudreau C, McWilliams S, Takagi R, Wanasundara C, Chan MC-H, Weber AM, Kuo C, Purtzki J, Ipsiroglu OS� CLINICAL
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Conclusions
Functional impairment during the day-
time, difficulty falling asleep, and restless-
ness were strikingly common themes across 
both patient chart reviews and interviews 
in our exploratory study. Identification and 
appropriate management of sleep distur-
bances is a critical aspect of care for ado-
lescents who suffer from postconcussion 
symptoms. The first step toward harmoniz-
ing concussion care is ongoing evaluation 
of clinical practices. n

Funding

Funding for the semi-structured interviews was 

awarded to Dr McWilliams by the Canadian 

Sleep Society/Canadian Sleep and Circadian 

Network Trainee Project 2021 Grant.

Competing interests

None declared.

References
1.	 Public Health Agency of Canada. The Gov-

ernment of Canada announces the winner of 
the Detecting Concussions Using Objective 
Indicators Challenge [news release]. 13 June 
2024. Accessed 11 November 2025. www.
canada.ca/en/public-health/news/2024/06/
the-government-of-canada-announces-the-
winner-of-the-detecting-concussions-using-
objective-indicators-challenge0.html.

2.	 Macpherson A, Fridman L, Scolnik M, et al. A  
population-based study of paediatric emergen-
cy department and office visits for concussions 
from 2003 to 2010. Paediatr Child Health 2014;19: 
543-546. https://doi.org/10.1093/pch/19.10.543.

3.	 Zemek R, Barrowman N, Freedman SB, et al. Clinical 
risk score for persistent postconcussion symptoms 
among children with acute concussion in the ED. 
JAMA 2016;10:1014-1025. https://doi.org/10.1001/
jama.2016.1203.

4.	 Babul S. Addressing the need for standardized 
concussion care in Canada: Concussion Awareness 
Training Tool. Can Fam Physician 2015;61:660-662.

5.	 Iverson GL, Gardner AJ, Terry DP, et al. Predictors 
of clinical recovery from concussion: A systematic 
review. Br J Sports Med 2017;51:941-948. https://
doi.org/10.1136/bjsports-2017-097729.

6.	 Wilson R, Jackson J, Birnie K, et al. Predictors of 
persisting symptoms after concussion in chil-
dren following a traumatic brain injury: A longi-
tudinal retrospective cohort study. BMJ Paediatr 
Open 2025;9:e003036. https://doi.org/10.1136/
bmjpo-2024-003036.

7.	 Shoop J, Fedonni D, Daley MM, et al. Trajectory 
of health-related quality of life following pediat-
ric concussion. J Pediatr 2024;275:114243. https://
doi.org/10.1016/j.jpeds.2024.114243.

8.	 Murdaugh DL, Ono KE, Reisner A, Burns TG. As-
sessment of sleep quantity and sleep disturbances 
during recovery from sports-related concussion 
in youth athletes. Arch Phys Med Rehabil 2018; 
99:960-966. https://doi.org/10.1016/j.apmr.2018. 
01.005.

9.	 Chung JS, Zynda AJ, Didehbani N, et al. Associa-
tion between sleep quality and recovery follow-
ing sport-related concussion in pediatrics. J Child 
Neurol 2019;34:639-645. https://doi.org/10.1177/ 
0883073819849741.

10.	 Bramley H, Henson A, Lewis MM, et al. Sleep 
disturbance following concussion is a risk fac-
tor for a prolonged recovery. Clin Pediatr (Phila) 
2017;56:1280-1285. https://doi.org/10.1177/000992 
2816681603.

11.	 Lessard S, Chow WK, Cook SE, et al. Insomnia 
management in primary care: Outcomes from a 
Canadian national survey reveal challenges and 
opportunities to improve clinical practice. CJM 
2024;6:88-104. https://doi.org/10.33844/cjm.2024. 
6041.

12.	 Sandsmark DK, Elliott JE, Lim MM. Sleep-wake dis-
turbances after traumatic brain injury: Synthesis of 
human and animal studies. Sleep 2017;40:zsx044. 
https://doi.org/10.1093/sleep/zsx044.

13.	 King NS, Crawford S, Wenden FJ, et al. The River-
mead Post Concussion Symptoms Questionnaire: 
A measure of symptoms commonly experi-
enced after head injury and its reliability. J Neu-
rol 1995;242:587-592. https://doi.org/10.1007/BF00 
868811.

14.	 LeBlanc JC, Almudevar A, Brooks SJ, Kutcher S. 
Screening for adolescent depression: Comparison 
of the Kutcher Adolescent Depression Scale with 
the Beck Depression Inventory. J Child Adolesc 
Psychopharmacol 2002;12:113-126. https://doi.org/ 
10.1089/104454602760219153. 

15.	 Pilkonis PA, Choi SW, Reise SP, et al. Item banks 
for measuring emotional distress from the  
Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS®): Depression, anxiety, 
and anger. Assessment 2011;18:263-283. https://
doi.org/10.1177/1073191111411667.

16.	 Owens JA, Dalzell V. Use of the ‘BEARS’ sleep 
screening tool in a pediatric residents’ continu-
ity clinic: A pilot study. Sleep Med 2005;6:63-69. 
https://doi.org/10.1016/j.sleep.2004.07.015.

17.	 Noordeen S, Wang P, Strazda AE, et al. Concussion 
disrupts sleep in adolescents: A systematic review 
and meta-analysis. Clocks Sleep 2025;7:46. https://
doi.org/10.3390/clockssleep7030046.

18.	 Reed N, Zemek R, Dawson, J, et al. Living guide-
line for pediatric concussion. Accessed 7 Febru-
ary 2026. www.pedsconcussion.com.

19.	 Ramsay S, Dahinten VS, Ranger M, et al. Follow- 
up visits after pediatric concussion and the fac-
tors associated with early follow-up: A population- 
based study in British Columbia. Brain Inj 2025; 
39:10-16. https://doi.org/10.1080/02699052.2024. 
2395382.

20.	 Guidelines and Protocols Advisory Committee. 
Concussion/mild traumatic brain injury (mTBI). 
BC Guidelines. Ministry of Health. Revised 21 May 
2025. Accessed 7 February 2026. www2.gov.bc.ca/
assets/gov/health/practitioner-pro/bc-guidelines/
concussion-mbti-full-guideline.pdf.

21.	 Hughes C, Hunt K, Cox B, et al. Sleep dysfunction 
in adolescents with prolonged postconcussion 
symptoms: A reciprocal coupling of traumatic 
brain injury and sleep-related problems. J Sport 
Rehabil 2022;31:809-814. https://doi.org/10.1123/
jsr.2021-0277. 

22.	 Milewski MD, Skaggs DL, Bishop GA, et al. Chron-
ic lack of sleep is associated with increased 
sports injuries in adolescent athletes. J Pediatr 
Orthop 2014;34:129-133. https://doi.org/10.1097/
BPO.0000000000000151.

23.	 Parachute. Canadian guideline on concussion in 
sport. July 2017. Accessed 7 February 2026. https://
parachute.ca/wp-content/uploads/2019/06/ 
Canadian-Guideline-on-Concussion-in-Sport.pdf.

24.	 Mulligan T, Barker-Collo S, Gibson K, Jones K. You 
only get one brain. Adult reflections on acute and 
ongoing symptom experiences after traumat-
ic brain injury in adolescence. Brain Inj 2021;35: 
1308-1315. https://doi.org/10.1080/02699052.20
21.1972336.

25.	 Moseley R, Carry PM, Donahue CC, et al. The dy-
namic interaction between psychological health 
and sleep symptoms following adolescent con-
cussion. J Pediatr 2026;288:114800. https://doi.
org/10.1016/j.jpeds.2025.114800.

26.	 Walker JM, James NT, Campbell H, et al. Sleep as-
sessments for a mild traumatic brain injury trial 
in a military population. Undersea Hyperb Med 
2016;43:549-566. 

27.	 Picchietti D, Allen RP, Walters AS, et al. Restless 
legs syndrome: Prevalence and impact in chil-
dren and adolescents—The Peds REST study. Pe-
diatrics 2007;120:253-266. https://doi.org/10.1542/
peds.2006-2767.

28.	 Zhuang S, Na M, Winkelman JW, et al. Association of 
restless legs syndrome with risk of suicide and self-
harm. JAMA Netw Open 2019;2:e199966. https://
doi.org/10.1001/jamanetworkopen.2019.9966.

29.	 Hickling A, Mah K, Al-Hakeem H, Scratch SE. Ex-
ploring the experiences of youth with persistent 
post-concussion symptoms and their families with 
an interprofessional team-based assessment. J In-
terprof Care 2023;37:558-567. https://doi.org/10.1
080/13561820.2022.2137482.

CLINICAL� Concussion and sleep in adolescents 


