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ABSTRACT
Objectives New clinical practice guidelines for the 
management of mild traumatic brain injury (mTBI) 
emphasise that family physicians should proactively 
screen and initiate treatment for depression/anxiety, 
insomnia and headaches. This study aimed to evaluate the 
feasibility of delivering an implementation intervention to 
family physicians.
Design Pilot cluster randomised controlled trial.
Setting Specialty outpatient clinic (recruitment) and 
primary care (implementation).
Participants 114 primary care clinics were randomised. 
These clinics were associated with 137 unique family 
physicians caring for 148 adult patients who sustained an 
mTBI within the previous 3 months and were seeking care 
for persistent symptoms.
Interventions Patients completed self- report screening 
measures for depression/anxiety, insomnia and headaches. 
A tailored letter that incorporates the patient’s screening 
test results and associated treatment algorithms was sent 
to their family physician (or walk- in clinic). Physicians at 
clinics assigned to the control condition received a generic 
letter, without the screening test results.
Primary outcome measures Feasibility outcomes 
included the frequency of primary care follow- up, retention 
rates and reliability of patient recall of their physicians’ 
actions (primary mechanistic outcome). The primary 
efficacy outcome was the Rivermead Post- Concussion 
Symptom Questionnaire (RPQ).
Results Most patients (97.8%; 128 of 131) followed 
up at the primary care clinic they planned to. Retention 
rates were 88% (131 of 148) and 78% (116 of 148) at 
the 1- month and 3- month assessments, respectively. 
Agreement between patient recall of their physicians’ 
actions and medical chart audits was moderate (intraclass 
correlation coefficient=0.48–0.65). Patients in the 
experimental group reported fewer symptoms on the RPQ 
compared with those in the control group, whose physician 
received a general letter (B=−4.0, 95% CI: −7.3 to −0.7).
Conclusions A larger trial will need to address minor 
feasibility challenges to evaluate the effectiveness of this 
guideline implementation tool for improving mTBI clinical 
outcomes and confirm the mechanism(s) of intervention 
benefit.
Trial registration number NCT03221218.

INTRODUCTION
Mild traumatic brain injuries (mTBIs) are 
very common, affecting 600–1200 per 100 000 
people each year.1 2 In adults, falls and motor 
vehicle accidents are the most common 
mechanisms of injury.3 The clinical presen-
tation following mTBI typically includes non- 
specific ‘postconcussion’ symptoms, such 
as headache, dizziness, sleep disturbance, 
poor concentration and emotional lability. 
These symptoms often resolve over the 
following days to weeks.4–6 However, at least 
15% of patients continue to report multiple 
symptoms well beyond a month post injury.7 
Persistent postconcussion symptoms are asso-
ciated with reduced work productivity8 9 and 
quality of life,10 as well as high healthcare util-
isation.11 12

Optimal management of persistent post-
concussion symptoms was ill- defined until the 
Ontario Neurotrauma Foundation (ONF) 
sponsored an interdisciplinary team to synthe-
sise the best available evidence and develop 
practice guidelines for primary care practi-
tioners.7 A core principle of these guidelines 
is early, proactive management, starting with 
‘primary’ symptoms—depression/anxiety, 

Strengths and limitations of this study

 ► This pilot study included randomisation and blinding 
of physicians who were the target of a behaviour 
change intervention.

 ► We relied on patient recall to assess physician be-
haviour (referrals and prescriptions).

 ► Feasibility indicators included the proportion of pa-
tients who followed up with the physician or clinic 
they planned to, agreement between patient recall 
and medical chart audit regarding physician be-
haviour, and patient retention.

 ► Patients were recruited from outpatient specialty 
clinics, likely resulting in selection bias.
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insomnia and headache. Primary symptoms are desig-
nated as such because they are most likely to respond to 
treatment (effective interventions are available), which 
can improve other (secondary) symptoms, such as diffi-
culty concentrating and forgetfulness.7

Family physicians are uniquely positioned to imple-
ment this core component of the ONF guidelines. They 
are increasingly the first medical professionals to assess 
patients with mTBI.13 They also tend to carry the burden 
of follow- up care for patients who first present to an emer-
gency department.14 Patients whose postconcussion symp-
toms do not promptly resolve after mTBI typically return 
to see their family physician on average 4–5 times over the 
12 weeks after injury,15 16 providing an ideal window for 
early management to prevent chronicity.

Active implementation will be necessary for the ONF 
guidelines to promote uptake in primary care.17 18 Barriers 
to clinical practice guideline uptake can arise from the 
nature of the behaviour demanded by the guidelines, the 
adopters of the guidelines (in this case family physicians) 
and the practice environment. Of the many barriers iden-
tified in the literature,19 20 a few appear most relevant to 
managing mTBI in primary care. First, time constraints 
are a ubiquitous challenge to guideline adherence in 
primary care,20 21 but may be especially challenging to 
mTBI management because patients tend to present with 
numerous, diverse symptoms. Suggesting which symp-
toms to prioritise and having patients complete screening 
tools for priority symptoms before the consultation can 
help streamline care. Second, the ONF guidelines are 
comprehensive, intended to cover the full continuum 
of care, across practice settings. Family physicians prefer 
concise, tailored recommendations.19–21 Highlighting the 
most impactful actions, a family physician can take (ie, 
initiating treatment for depression, anxiety, insomnia and 
headache) in the initial clinic visits may enhance guide-
line use. Evidence from other health conditions suggest 
that guideline implementation tools tailored to the user 
are more effective.22 23 Another potential barrier to imple-
mentation of the ONF guidelines in primary care is that, 
although virtually all family physicians encounter patients 
with mTBI, few (10%–12%) see more than 10 mTBI 
cases per year, which may limit their confidence in their 
knowledge or skills and recollection of relevant practice 
guidelines.24 25 Given their relatively infrequent need to 
reference the ONF guidelines, delivering a guideline tool 
at or just prior to the clinical encounter may enhance 
guideline adherence.26 Systematic reviews support that 
reminders are among the most effective strategies for 
guideline implementation.26–29

In the present study, we report a pilot cluster randomised 
controlled trial of a guideline implementation tool that 
aims to distill the ONF guidelines into a small number 
of actionable messages for family physicians, tailored to 
their patient, and provides point- of- care reminders to 
implement those actionable messages. This pilot study 
had three objectives. The first was to document evidence 
of undertreatment, that is, that patients who screened 

positive for one or more primary symptoms were not 
consistently receiving evidence- based treatment for 
those symptoms. This would confirm an implementation 
intervention target. A second objective was to evaluate 
the feasibility of delivering an implementation inter-
vention to family physicians and measuring its impact, 
without relying on family physician’s active participation 
as research subjects, which would introduce selection 
bias and observation (Hawthorne) effects. The feasibility 
outcomes included the (a) proportion of patients who 
identified a primary care clinic where they intended to 
seek follow- up care and attended that clinic at least once 
post intervention, (b) proportion of patients who could 
be reached for outcome assessment and (c) agreement 
between the patient recall and chart review indicators of 
family physician behaviour. A third objective was to esti-
mate parameters necessary to guide planning of a future 
larger trial, specifically, the intervention effect size (on 
postconcussion symptom severity), cluster size and cluster 
effects (intracluster correlation coefficient). We hypoth-
esised that family physicians who receive the guideline 
implementation tool will be more likely to promptly 
initiate treatment for primary symptoms compared 
with family physicians who receive a generic letter that 
provides instructions for downloading the full guidelines 
(ie, passive dissemination control, which does not address 
the implementation barriers reviewed above). We further 
hypothesised that patients whose family physicians 
received the tailored follow- up letters would report fewer 
postconcussion symptoms at follow- up, in other words, 
that family physician behaviour change would translate 
into better clinical outcomes.

METHODS
Patients were recruited from two programmes (in 
Vancouver and Coquitlam, British Columbia, Canada) 
that provide early education for patients with mTBI. Both 
sites are Medical Services Plan (publicly) funded and have 
similar referral patterns. About 50%–60% of referrals 
come from family physicians, with the remainder from 
emergency departments and other sources. Referred 
patients are offered a single group education session 
about mTBI recovery, return to activity advice and self- 
management strategies, delivered by an occupational 
therapist. A minority (<10%) is referred internally for 
other specialty rehabilitation services.

Between July 2017 and October 2018, group educa-
tion session attendees were informed about the study 
and invited to complete the consent form and baseline 
questionnaires before leaving the session, or afterwards 
(within the following week) via a secure web- based survey 
platform (REDCap). As part of the questionnaire package, 
participants were asked to designate where they plan to 
seek follow- up care (a specific family physician or walk- in 
clinic) and to sign an authorisation for the research team 
to access medical records from that provider/clinic.
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Patients were considered eligible if they were 18–60 
years old, sustained an mTBI less than 3 months ago 
(per the referring physician), self- reported having suffi-
cient English reading comprehension for standardised 
questionnaires and designated where they planned to 
receive follow- up primary care (name and address of a 
family physician identifiable in the College of Physicians 
and Surgeons of British Columbia online database or a 
specific walk- in clinic).

In a cluster randomised design, primary care clinics 
were randomised to the guideline implementation tool 
(tailored follow- up letters) or generic follow- up letters. A 
simple 1:1 randomisation sequence was kept concealed 
from research team members who made the allocations. 
Once a participant was deemed eligible and completed 
the baseline assessment (described below), the primary 
care clinic they planned to access was randomised by 
obtaining the next allocation in the sequence. There were 
two constraints. If the clinic had already been randomised 
(when they were named by a previously enrolled patient 
participant), they retained their group assignment. If a 
participant was under the care of a family physician asso-
ciated with a clinic that had already been randomised, the 
clinic (and linked physician–participant dyad) received 
that predetermined group assignment.

Patient participants completed follow- up assessments 
online (REDCap; secure cloud- based data collection 

software), or if they preferred, by telephone, 1 and 3 
months later. Participants flow through the study is illus-
trated in figure 1.

Patient and public involvement
Patients were not involved in the design or conduct of this 
pilot trial. Patient partners joined our research team in 
the dissemination phase to help identify limitations of the 
study and directions for future research (eg, addition of a 
patient engagement intervention component).

INTERVENTIONS
The implementation intervention involved systematically 
screening patients for depression, anxiety, insomnia, and 
headaches and sending a follow- up letter to the family 
physician (guideline implementation tool) that provides 
the screening test results and highlights associated 
management recommendations (with treatment algo-
rithms) from the ONF guidelines. Patient participants 
completed a battery of questionnaires (<20 min of admin-
istration time) that have been validated as screening tools 
for the ‘primary symptoms’ prioritised for treatment in 
the ONF mTBI guidelines, listed below.
1. Depression. The Patient Health Questionnaire (PHQ) 

is a 9- item symptom inventory developed to screen for 
major depressive disorder. It has repeatedly demon-
strated strong case- finding properties (eg, sensitivi-
ty=0.77–0.80, specificity=0.92–0.94),30 31 including in 
traumatic brain injury.32 The standard cut- off, >10, 
has similar diagnostic efficiency for depression after 
TBI,32–34 though a more conservative approach that 
also requires at least one of the cardinal depression 
symptoms (sadness and/or anhedonia) to be en-
dorsed (ie, item rating of 2+) is more appropriate for 
mTBI,32 35 and so was used for this study. There is symp-
tom overlap with mTBI and depression, but strong ev-
idence that a symptom- inclusive diagnostic approach 
(ie, counting all possible depressive symptoms towards 
a diagnosis regardless of etiological attribution) most 
accurately identifies depression after mTBI.33 36

2. Anxiety. The Generalized Anxiety Disorder (GAD-7) 
scale is a 7- item instrument that has been validated a 
primary care screening disorders for GAD and other 
anxiety disorders.37 38 A score of 10 or higher is consid-
ered a positive screen.

3. Insomnia. The Insomnia Severity Index (ISI) is a 7- item 
self- report questionnaire that has been used in sleep 
disorder research and practice for over 20 years.39 40 In 
a recent primary care validation study, the ISI had 82% 
sensitivity and 82% specificity.41 A score of 14 or higher 
is considered a positive screen.

4. Headache. The Headache- Attributed Restriction, 
Disability, Social Handicap and Impaired Participation 
(HARDSHIP) tool42 was published in 2014 as a WHO 
collaborative endeavour. It uses an algorithm based 
on patients’ responses to structured questions to dis-
criminate between the major post- traumatic headache 

Figure 1 Consolidated Standards of Reporting Trials 
diagram. mTBI, mild traumatic brain injury.
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types—migraine, tension- type, and medication overuse 
headache, based on the International Classification of 
Headache Disorders. This feature is essential because 
the ONF guidelines for mTBI advise different inter-
ventions for each headache type. Diagnostic accura-
cy is somewhat higher for migraine- type headaches 
(sensitivity 0.63–0.83, specificity 0.82–0.99) than for 
tension- type headaches (sensitivity=0.51–0.64, specific-
ity=0.81–0.99).42 We modified the HARDSHIP for self- 
report (vs lay interviewer) administration.

As part of the initial assessment, patients completed a 
health record release authorisation form, giving permis-
sion for their family physician/clinic to send their 
medical chart (for the dates covering the study period) to 
the research team. Patient participants were encouraged 
to make an appointment to see their family physician 1–4 
weeks after the initial assessment (allowing at least 1 week 
for the letter to arrive). Patients were blinded to their 
group assignment.

After patient participants completed the baseline assess-
ment, including the above measures, the research team 
generated and faxed a letter to their family physician or 
designated walk- in clinic. In the experimental (guideline 
implementation tool) condition, the letter introduced the 
ONF guidelines and the principle that ‘family physicians 
take a proactive symptom- based management approach 
to managing concussions’. The main body of the letter 
reported the patient’s screening test results (scores and 
interpretations) and the suggestion to ‘consider sched-
uling a routine clinic visit for this patient to review their 
positive screening tests’. Appended to the letter were 
copies of the treatment algorithm from the ONF guide-
lines for any primary symptom that the patient partici-
pant screened positive for. In the control condition, the 
letter simply directed family physicians where to access 
the full ONF guidelines online. Their patient’s screening 
test results were not reported. Neither the experimental 
or control letter mentioned the research study hypoth-
eses or there were different types of letters or the research 
objectives to measure physician behaviour change. In 
this way, physicians were not only blinded to their group 
assignment but also to the fact that their behaviour was a 
research study outcome.

At the conclusion of the data collection period, we 
aimed to audit the medical records for 10% of the sample 
and examine agreement with patient recall of their physi-
cians’ actions. To meet this goal, assuming at least a 75% 
response rate, we submitted requests for medical records 
for 20 patient participants from their family physicians. 
The requests included a debriefing letter, explaining the 
research study purpose and procedures, and a copy of the 
health record release authorisation form signed by the 
patient.

OUTCOME MEASURES
We measured physician behaviour via patient recall 
(at 1- month and 3- month follow- up) regarding what 

interventions their physicians performed or prescribed 
since their injury. The questions, patients responded to, 
are shown in table 1. If a patient reported that their family 
physician took an action (advice/counselling, referral, 
or medication prescription) for a particular symptom, 
they were queried about specific interventions in the 
ONF guideline treatment algorithm for that symptom. 
Note that physician actions (eg, medication renewal or 
change) for a pre- existing symptom that persisted or 
worsened following the injury would have been captured 
by this methodology. To assess the validity of this patient 
recall method, a blinded audit of medical records from 
family physicians was performed for 10% of the sample. 
Physician actions were coded using a standardised chart 
extraction form.

In the 1- month and 3- month follow- up assessments, 
patient participants also completed a battery of self- 
reported outcomes. The primary efficacy outcome 
measure was symptom severity, as measured by the River-
mead Post- Concussion Symptom Questionnaire (RPQ)43. 
The RPQ prompts patients to rate the current severity 
with which they are experiencing 16 of the most common 
symptoms after mTBI. Symptoms are rated on a scale from 
0 (not experienced) to 4 (severe problem), and summed 
to created a total score that ranges from 0 to 64. Note that 
symptom ratings of 1 are not counted towards the total 
score (ie, recoded as 0) because they represent ‘no more 
of a problem’ compared with before the injury.43 Higher 
total scores indicate greater overall symptom burden. 
The RPQ is the most widely used outcome measure in 
mTBI research.5 44 The 1- month and 3- month follow- up 
assessments also including the PHQ-9, GAD-7, ISI, as 
well as secondary outcome measures of global disability 
(WHO Disability Assessment Schedule V.2.0, 12- item self- 
report45 46) and quality of life (Quality of Life After Brain 
Injury—Overall Scale47).

Statistical analyses
Patient recall of their physician’s actions to initiate treat-
ment for primary symptoms using interventions recom-
mending by the ONF guidelines was coded as present 
or absent, and then aggregated for each group (exper-
imental vs control), separately for depression/anxiety, 
insomnia and headaches. The result is a percentage of 
patients who received a guideline- compliant intervention, 
where patients who denied having a particular symptom 
were excluded from the dominator. These results are 
presented descriptively. Intraclass correlation coefficients 
(ICCs) with a two- way random model characterised the 
agreement between patient recall of physician action and 
chart audit evidence of physician action.

Linear mixed modelling incorporated all repeated 
measures of the RPQ to estimate the effect of the inter-
vention on symptom recovery trajectories, accounting 
for clustering at the level of clinic, physician and patient. 
The model included available data points for participants 
who did not complete all outcome assessments. Time was 
coded categorically (1 vs 3 month follow- up). Baseline 
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RPQ was included as a covariate. ICCs were derived from 
the model using the formula: (between- cluster variance)/
(between- cluster variance+within- cluster variance). Other 
patient- reported outcomes are reported descriptively.

RESULTS
The 148 enrolled patients were treated by 137 unique 
family physicians at 114 different primary care clinics. 
The attrition rate was 11.5% (131 of 148 retained) at the 
1- month follow- up and 21.6% (116 of 148 retained) at 
3- month follow- up, as illustrated in figure 1. Half (50.0%; 
74 of 148) of participants completed the baseline assess-
ment online versus in- person, and 54.2% (71 of 131) and 
56.9% (66 of 116) completed the 1- month and 3- month 

follow- up assessment, respectively, online versus by tele-
phone. Participant characteristics by group, including 
rates of positive screening, are shown in table 2.

Three patient participants (two in experimental and 
one in control group) did not receive the intervention 
as planned; one did not return to see their family physi-
cian after the education session, one sought care from a 
different physician than they initially designated in the 
baseline assessment and a third designated a chiropractor 
instead of a family physician. Based on the intention- to- 
treat principle, these participants were included in all 
analyses, unless otherwise noted.

Table 1 Patient recall of their physician’s treatment recommendations

Symptom Intervention
Control
1 month

Exper
1 month

Control
3 month

Exper
3 month

Headache Not applicable—no headaches. 3/66 (5%) 7/58 (12%) 3/62 (5%) 5/47 (11%)

Home treatments, such as heat packs and self- massage. 16/63 (25%) 22/51 (43%) 19/59 (32%) 18/42 (43%)

Advice about lifestyle changes, such as eating regular healthy 
meals, staying hydrated and getting exercise.

30/63 (48%) 23/51 (45%) 28/59 (48%) 18/42 (43%)

Non- drug therapy, such as physiotherapy or massage 
therapy.

34/63 (54%) 33/51 (66%) 27/59 (46%) 24/42 (57%)

Medications to take regularly each day, whether or not you 
have a headache.

13/63 (21%) 10/51 (20%) 18/59 (31%) 7/42 (17%)

Medications to take when you get a headache (‘prn’ or as- 
needed).

34/63 (54%) 29/51 (57%) 33/59 (56%) 22/42 (52%)

At least one headache intervention. 43/63 (68%) 39/58 (67%) 43/62 (69%) 29/47 (62%)

Depression /
anxiety

Not applicable—no mental health problems. 12/68 (18%) 7/58 (12%) 8/62 (13%) 7/47 (15%)

General advice about lifestyle changes to improve your mood, 
such as regular social and physical activity.

17/56 (30%) 15/51 (29%) 19/54 (35%) 17/40 (43%)

Medication to improve your mood (depression, stress or 
anxiety).

9/56 (16%) 6/51 (12%) 13/54 (24%) 9/40 (23%)

Referral to a psychologist or counsellor. 7/56 (13%) 14/51 (28%) 15/54 (28%) 16/40 (40%)

Referral to a psychiatrist. 1/56 (2%) 4/51 (8%) 3/54 (6%) 4/40 (10%)

At least one mental health intervention. 22/56 (39%) 26/51 (51%) 28/54 (52%) 24/40 (60%)

At least one mental health intervention excluding general 
advice.

14/56 (25%) 17/51 (33%) 21/54 (39%) 19/40 (48%)

Insomnia No applicable—no sleep problems. 12/68 (18%) 8/58 (14%) 8/62 (13%) 7/47 (15%)

Ordering tests to check if you have treatment medical 
conditions that can cause sleep problems, such as blood 
tests for hormone imbalances or polysomnography for sleep 
apnea.

2/56 (4%) 4/50 (8%) 5/54 (9%) 5/40 (13%)

Advice on healthy sleeping habits (sleep hygiene), such as 
using your bed only for sleep, maintaining a regular sleep 
schedule and avoiding naps.

20/56 (36%) 12/50 (24%) 15/54 (28%) 14/40 (35%)

Advice on lifestyle factors that promote good sleep, such 
as getting light and exercise during the day, and avoiding 
alcohol, caffeine and heavy meals close to bedtime

21/56 (38%) 13/50 (26%) 16/54 (30%) 14/40 (35%)

Medications to improve your sleep. 14/56 (25%) 9/50 (18%) 15/54 (28%) 11/40 (29%)

At least one insomnia intervention. 26/56 (46%) 17/50 (34%) 28/54 (52%) 24/40 (60%)

The denominator for the ‘not applicable’ ratings represents the total number of patients who provided a response to each symptom, at each timepoint. The 
numerator of that proportion (ie, number of patients who reported ‘not applicable’, meaning that they did not experience that symptom) was subtracted from 
the denominator for all of the treatment variables. This way, the proportions for the treatment variables represent the number of patients who were provided, 
referred or prescribed a particular treatment for that particular symptom relative to the number of patients who endorsed having that symptom.
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Patient recall of physician actions
The rates at which family physicians took specific 
guideline- compliant actions for specific symptoms, 
according to patient recall, are reported in table 1. 
Rates of guideline- compliant treatment (ie, at least 
one guideline- compliant action was taken for a given 
symptom) were 8–12 percentage points higher in the 
experimental (vs control) group for depression/anxiety 
but not consistently higher in the experimental group 
for headaches and sleep problems. Across groups, the 
most commonly prescribed medications for headache, by 
far, were acetaminophen and/or ibuprofen (n=42), with 
naproxen (n=9) being the only other medication to be 
prescribed for more than five patients. Of medications 
taken for depression or anxiety (n=15), most were selec-
tive serotonin reuptake inhibitors (n=12). For sleep prob-
lems, the most commonly prescribed medications were 
melatonin (n=5), amitriptyline (n=3), zopiclone (n=2) 
and cyclobenzaprine (n=2).

Blinded chart audits
We received 90% (18 of 20) of medical charts requested 
from family physicians. Several records did not include 
the full date range requested (ie, did not include the 
date of the 3- month follow- up assessment), so we anal-
ysed the 1- month follow- up patient- reported data only. 
At the 1- month follow- up, patients self- reported seeing 
their family physicians M=4.59 (SD=2.18) times since 
their mTBI and chart audits provided evidence of M=4.12 
(SD=2.20) visits over the same period. The agreement 
between these sources was strong (ICC=0.82, p=0.001) 
and the disagreements did not appear systematic (the 
distribution of difference score was approximately 
symmetric around 0).

In examining the concordance between patient report 
and chart audit regarding physician action, we considered 
referrals and prescriptions, and not advice/counselling, 
because such actions would be expected to be docu-
mented less consistently. For mood, the absolute agree-
ment rate was 81% (ICC=0.65, p=0.024). For sleep, the 
absolute agreement rate was 81% (ICC=0.48, p=0.101). 
For headaches, the absolute agreement rate was 75% 
(ICC=0.53, p=0.072).

Patient-reported clinical outcomes
The RPQ total score was the response variable in linear 
mixed modelling. Several participants were missing 
a single item on the RPQ. In these cases, missing item 
scores were imputed with the participant’s mean item 
score (rounded to nearest whole number) for the 15 
symptoms that they provided a rating for on the RPQ. 
This imputation was performed for 10 participants at the 
baseline assessment, 3 at the 1- month follow- up, and 2 at 
the 3- month follow- up.

An initial linear mixed model included random effects 
for the clinic, physician and participant, but could not reach 
convergence, likely because there were few clinics with more 
than one physician and few physicians associated with more 

Table 2 Participant characteristics

Control 
(N=81)

Experimental 
(N=67)

Age (M; SD years) 38.9 (12.4) 42.5 (11.6)

Sex (n; % female) 49 (61%) 47 (70%)

Ethnicity (n; %)

  Caucasian 51 (63%) 46 (69%)

  Asian Canadian 21 (26%) 16 (24%)

  Indigenous 9 (11%) 5 (8%)

Education (n, %)

  College/university 53 (65%) 51 (76%)

  High school diploma 27 (33%) 13 (19%)

  Less than high school 1 (1%) 3 (5%)

Pre- existing conditions (n, %)

  Headaches 21 (26%) 21 (31%)

  Sleep problems 21 (26%) 18 (27%)

  Depression 22 (27%) 26 (39%)

  Anxiety 25 (31%) 23 (34%)

  Previous mild traumatic brain 
injury/s

28 (35%) 28 (42%)

Injury mechanism (n, %)

  Motor vehicle accident 35 (43%) 35 (52%)

  Fall 17 (21%) 7 (10%)

  Sport/recreation 16 (20%) 8 (12%)

  Other 13 (16%) 17 (25%)

Loss of consciousness

  Present 13 (16%) 10 (15%)

  Absent 57 (70%) 43 (64%)

  Unknown 11 (14%) 14 (21%)

Receiving or seeking 
compensation (n, %)

  Yes 48 (59%) 47 (70%)

  No 26 (32%) 13 (19%)

  Unknown 7 (9%) 7 (11%)

Time from injury to baseline 
assessment (M, SD days)

40.5 (19.8) 41.1 (19.1)

Screened positive (n, %)

  Headaches 56 (69%) 41 (61%)

   Migraine 33 (41%) 20 (30%)

   Tension type 15 (19%) 13 (19%)

   Medication overuse 8 (10%) 8 (13%)

  Depression or anxiety 54 (67%) 41 (61%)

   Depression 42 (52%) 30 (45%)

   Anxiety 42 (52%) 33 (49%)

  Insomnia 44 (54%) 34 (51%)

Number of visits to family 
physician from injury to 1- month 
follow- up assessment (M, SD)

4.9 (2.8) 5.1 (3.5)

Number of visits to family 
physician from injury to 3- month 
follow- up assessment (M, SD)

7.3 (4.6) 6.6 (4.9)
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than one patient. We prioritised including a random effect for 
clinic, the unit of randomisation. The group by time interac-
tion term was non- significant (p=0.802), and so was removed 
to simplify the model. The final model included group 
(experimental vs control treatment arm) and time (1- month 
vs 3- month follow- up) as main effects, baseline RPQ scores as 
a covariate, clinic identification number as a random effect 
(intercept) and postintervention RPQ scores as the response 
variable. RPQ measurements at baseline were included as a 
covariate to adjust the estimates of the main effects. The two 
main effects, group and time, were significant. The passage 
of time from month 1 to month 3 (B=−5.6, 95% CI: −7.9 to 
−3.3), and being in the experimental group versus in the 
control group (B=−4.0, 95% CI: −7.3 to −0.7) were associated 
with decreasing RPQ scores. The RPQ recovery trajectories, 
stratified by group, are shown in figure 2. Q–Q plots of the 
scaled residuals and dot whisker plots of the random effects 
indicated that they were approximately normally distributed. 
A residual versus fitted plot indicated that the model was 
linear and variance was constant. Few potentially influential 
outliers were identified using the Cooks distance for partici-
pants. The test for statistical significance, which re- evaluates 
the model by excluding one participant at the time, revealed 
no changes in the significance of the group or time effect. 
The mean cluster size for the final model was 1.35 and the 
ICC was 0.37.

Excluding cases (n=3) that did not receive the interven-
tion as intended had minimal impact on the linear mixed 
modelling findings. The main effects for time (B=−5.7, 
95% CI: −8.0 to −3.4) and group (B=−4.1, 95% CI: −7.5 to 
−0.7) were marginally stronger. Table 3 provides descrip-
tive statistics for the RPQ and other patient- reported 
outcome measures.

DISCUSSION
Evidence to guide the clinical management of mTBI has 
grown exponentially and expert consensus on best prac-
tices is emerging. The ONF guidelines7 highlight proactive 
screening and treatment for primary symptoms (depression, 
anxiety, insomnia and headache) by family physicians as a 
core principle. Widespread penetration of this best practice Ta

b
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will require active implementation with evidence- based strat-
egies. The present pilot cluster randomised trial evaluated 
the feasibility of a guideline implementation tool tailored 
to the family physician user, with actionable patient- specific 
screening test results to support the clinical encounter. The 
findings supported the feasibility of recruiting patients with 
mTBI directly and having them identify where they access 
primary care follow- up. Most patients (97.0%; 511 of 527 
screened) identified a specific family physician or walk- in 
clinic where they intended to access follow- up care. Of those 
patients who were eligible and enrolled, 97.8% (128 of 131) 
actually visited the physician/walk- in clinic they planned to 
at least once over the month following enrolment. Retention 
rates at 3- month follow- up were reasonable, and importantly, 
comparable in the experimental (78%; 63 of 81) and control 
(79%; 53 of 67) groups. However, additional retention strat-
egies may be necessary to achieve a more desirable (<15%) 
attrition rate. There was moderate agreement on family physi-
cians’ actions (referrals and prescriptions) between patient 
recall and chart audit. Rather than providing a compelling 
validation of patient recall as a proxy measure for physician 
behaviour, the results of this pilot study suggest that caution is 
warranted in interpreting patient recall and that using family 
physicians chart to obtain implementation outcome data 
may be feasible (and not dependent on retaining patients in 
the study).

In addition to evaluating these feasibility indicators, the 
present study aimed to estimate parameters necessary to 
calculate sample size requirements for a definitive cluster 
randomised trial, that is, the intervention effect size and clus-
tering metrics. In intention- to- treat analyses, the guideline 
implementation tool was associated with a 4- point reduction 
in global symptom burden on the RPQ. The meaningfulness 
of a 4- point difference between the experimental and control 
group is unclear, as a minimally clinically important differ-
ence has not been established for this measure. For reference, 
2 months of recovery time (from the 1- month to 3- month 
follow- up) were associated with a 5.6- point reduction on the 
RPQ. As shown in table 3, a similar trend favouring the exper-
imental group is apparent across a number of secondary 
outcome measures.

Clustering was estimated to be high (ICC=0.37) compared 
with prior cluster randomised trials in primary care,48 likely 
because the cluster sizes in the present study were very small 
(mean=1.35, median=1, n=90;79% had only one enrolled 
patient) and it was not possible to simultaneously account 
for clustering at the physician or patient level. Rather than 
recruiting patients directly (eg, through an outpatient 
specialty clinic), future studies might consider recruiting 
primary care clinics to obtain greater within- cluster variance.

We hypothesised that the guideline implementation tool 
would be associated with higher rates of ONF guideline- 
compliant intervention, supporting this variable as a mech-
anistic outcome (how the implementation tool reduces 
patients’ symptom burden). The guideline implementa-
tion tool did not appear to increase headache or insomnia 
treatment. The majority of patients were treated for head-
aches, primarily with over- the- counter analgesics. In the 

ONF guidelines, this is a reasonable first step. It may be 
that family physicians are already familiar and comfortable 
with first- line headache management strategies. A longer 
observation period may be necessary to detect intervention- 
related differences as family physicians move to second- line 
and third- line treatment options for headaches after mTBI. 
Timely treatment for insomnia was actually somewhat higher 
in the control group. The ONF guidelines advise against 
prescribing benzodiazepines for sleep. However, greater 
compliance with this advice cannot account for the lower rate 
of treatment (including prescription of medications) in the 
experimental group because only one patient participant in 
the whole sample reported being prescribed a benzodiaze-
pine (lorazepam) for sleep.

Rates of receiving at least one mental health treatment were 
8–12 percentage points higher in the experimental group. 
This effect size is in the range of what has been reported in 
prior guideline implementation trials.23 28 The present study 
was likely not sufficiently powered to detect a statistically 
significant difference of this arguably important magnitude. 
The overall difference in mental health treatment was largely 
driven by a higher rate of referral to psychological therapy/
counselling in the experimental group (28% at 1 month and 
40% at 3 months) compared with the control group (13% at 
1 month and 28% at 3 months), which is consistent with the 
ONF recommendation for non- pharmacological treatment 
in patients with mild–moderate severity mental health disor-
ders, which represent the vast majority. Differences favouring 
the experimental group were smaller at the 3- month 
follow- up. It is possible that the guideline implementation 
tool improves the timeliness of mental health treatment 
access, but not the overall access rate.

The relatively low rates of treatment for mental health and 
sleep problems in comparison to the number of patients 
screening positive in these areas suggest possible under-
treatment. Some positive screening test findings could have 
been false positives. For example, a family physician may 
have judged that a patient with a high Insomnia Severity 
Inventory Score does not, in fact, have a sleep disorder that 
requires treatment. It is also possible that some patients were 
already being treated for pre- existing mental health and/
or sleep problems at the time of their injury, and so no new 
action on the part of the family physician was required. As 
seen in table 2, a history of mental health and/or sleep prob-
lems prior to the injury was not uncommon. A future trial 
should distinguish between stable pre- existing conditions, 
pre- existing conditions exacerbated by mTBI and new mTBI- 
related conditions.

This pilot study has not only strengths, including randomi-
sation and double blinding, but also important limitations. 
We relied on patient recall of what their family physicians did, 
which did not correspond perfectly to what treatment recom-
mendations and referrals were documented in the medical 
chart. It is unclear whether physicians took actions that were 
not consistently documented and/or patients failed to recall 
accurately some actions their doctors took. Prior research 
suggests that structured inquiry (as used in the present study) 
facilitates patient recall of treatment decisions, but even cued 
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recall may be incomplete or inaccurate 15% of the time.49 
It is also possible that the implementation tool prompted 
clinically helpful family physician behaviour change in ways 
not captured by our measurement of guideline- compliant 
actions. The sample size for the present study was pragmatic, 
as the focus of this pilot phase trial was to assess feasibility and 
estimate the intervention effect to inform planning of a larger 
trial. A larger trial should be powered to conduct subgroup 
analyses to clarify whether the implementation intervention 
is most effective for patients with mildly elevated screening 
test scores (eg, bringing relatively subtle but clinically signif-
icant primary symptoms to family physicians’ attention) 
versus patients with moderately to severely elevated scores 
(eg, encouraging physician action in the smaller number of 
patients who can most benefit from aggressive management). 
Participants were recruited from outpatient concussion 
clinics, and so are likely representative of the subpopulation 
of patients with mTBI who seek care for persistent symptoms, 
but not generalisable to the mTBI population. The high rates 
of positive screening for primary symptoms are evidence of 
selection bias. Another limitation is that the intervention 
and study design did not allow us to confirm whether the 
treating physician actually reviewed the follow- up letter. We 
are aware that in some group practices, especially walk- in 
clinics, the physician assigned to review faxed lab tests and 
other incoming documents may not be the same physician 
who sees the patient in follow- up. The implementation tool 
in the present study was based on the second edition of the 
ONF guidelines.7 An updated version was published in June 
2018,7 but retained the core recommendation to prioritise 
management of headache, anxiety/depression and insomnia 
in primary care.

It may be possible to enhance the effectiveness of our 
implementation intervention, such as by adding a patient- 
mediated component50 51 to facilitate their engagement in 
the clinical encounter (eg, discussion of treatment options) 
and follow through on treatment recommendations 
might enhance the intervention effect. A narrower focus, 
such as depression/anxiety, could simplify the guideline 
implementation tool and remove the onus on prioritising 
recommended actions, thereby increasing its use. It is also 
possible that identifying and screening patients earlier 
would enhance the impact of the guideline implementation 
tool. In the present study, the implementation intervention 
occurred 6 weeks post injury, on average. Additional input 
from qualitative interviews with knowledge user’s regarding 
perceived barriers and facilitators could help refinement of 
the guideline tool.52

In conclusion, this pilot study generally supported the 
feasibility of our intervention approach and trial design, but 
highlighted challenges that will need to be addressed in a 
definitive efficacy trial. Further research is needed to deter-
mine whether a guideline implementation tool to support the 
core ONF guideline to proactively screen and initiate treat-
ment for primary symptoms (depression, anxiety, insomnia 
and headache) after mTBI in primary care improves patient 
outcomes and why (ie, clarify the mechanisms underlying the 
intervention effect).

Author affiliations
1Department of Psychology, The University of British Columbia, Vancouver, British 
Columbia, Canada
2Division of Physical Medicine and Rehabilitation, The University of British Columbia, 
Vancouver, British Columbia, Canada
3Rehabilitation Research Program, Vancouver Coastal Health Research Institute, 
Vancouver, British Columbia, Canada
4Department of Psychiatry, The University of British Columbia, Vancouver, British 
Columbia, Canada
5British Columbia Mental Health and Substance Use Services Research Institute, 
Vancouver, British Columbia, Canada
6BC Neuropsychiatry Program, Vancouver, British Columbia, Canada
7Department of Family Medicine, Providence Health Care, Vancouver, British 
Columbia, Canada
8Hull- Ellis Concussion Research Center, Toronto Rehabilitation Institute, Toronto, 
Ontario, Canada
9Division of Physical Medicine and Rehabilitation, University of Toronto, Toronto, 
Ontario, Canada
10Acquired Brain Injury Program, GF Strong Rehabilitation Hospital, Vancouver, 
British Columbia, Canada
11Arthritis Research Canada, Richmond, British Columbia, Canada
12Department of Physical Therapy, The University of British Columbia, Vancouver, 
British Columbia, Canada

Twitter Mark T Bayley @DocMarkBayley and Linda C Li @LLi_1

Acknowledgements The authors acknowledge the clinicians and administrative 
support staff at the recruiting clinics, including Kelsey Davies, Patricia Mahoney, 
and Zoe Martinig, for their assistance. The authors also wish to thank Biljana J 
Stojkova, PhD, and Nikolas S Krstic, PhD, Department of Statistics, University of 
British Columbia for their assistance with the statistical analyses.

Contributors Conception and design of the study: NDS, WJP, MTB, DD and LCL. 
Acquisition of data: NDS. Analysis and interpretation of results: NDS, WJP and LCL. 
Drafting of the manuscript: NDS. Critical revision for important intellectual content: 
WJP, P- PL, MTB, DD and LCL. Approval of the submitted manuscript: all authors.

Funding This work was supported by the VGH and UBC Hospital Foundation (an 
award/grant number is not available). NS also received research salary support 
from the Michael Smith Foundation for Health Research.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The study protocol was approved by the University of British 
Columbia Research Ethics Board, Vancouver Coastal Health Research Institute and 
Fraser Health Research Ethics Board, and was registered on  ClinicalTrials. gov.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data are 
available upon reasonable request to the corresponding author.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Noah D Silverberg http:// orcid. org/ 0000- 0001- 6378- 148X
Linda C Li http:// orcid. org/ 0000- 0001- 6280- 0511

REFERENCES
 1 Cassidy JD, Carroll L, Peloso P, et al. Incidence, risk factors 

and prevention of mild traumatic brain injury: results of the who 
collaborating centre Task force on mild traumatic brain injury. J 
Rehabil Med 2004;36:28–60.

 2 Langer L, Levy C, Bayley M. Increasing incidence of concussion: 
true epidemic or better recognition? J Head Trauma Rehabil 
2020;35:E60–6.

 3 Taylor CA, Bell JM, Breiding MJ, et al. Traumatic Brain Injury- Related 
Emergency Department Visits, Hospitalizations, and Deaths - United 
States, 2007 and 2013. MMWR Surveill Summ 2017;66:1–16.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-035527 on 20 O

ctober 2020. D
ow

nloaded from
 

https://twitter.com/DocMarkBayley
https://twitter.com/LLi_1
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6378-148X
http://orcid.org/0000-0001-6280-0511
http://dx.doi.org/10.1080/16501960410023732
http://dx.doi.org/10.1080/16501960410023732
http://dx.doi.org/10.1097/HTR.0000000000000503
http://dx.doi.org/10.15585/mmwr.ss6609a1
http://bmjopen.bmj.com/


10 Silverberg ND, et al. BMJ Open 2020;10:e035527. doi:10.1136/bmjopen-2019-035527

Open access 

 4 McCrea M, Iverson GL, McAllister TW, et al. An integrated review 
of recovery after mild traumatic brain injury (MTBI): implications for 
clinical management. Clin Neuropsychol 2009;23:1368–90.

 5 Cassidy JD, Cancelliere C, Carroll LJ, et al. Systematic review of 
self- reported prognosis in adults after mild traumatic brain injury: 
results of the International collaboration on mild traumatic brain injury 
prognosis. Arch Phys Med Rehabil 2014;95:S132–51.

 6 Carroll LJ, Cassidy JD, Cancelliere C, et al. Systematic review of 
the prognosis after mild traumatic brain injury in adults: cognitive, 
psychiatric, and mortality outcomes: results of the International 
collaboration on mild traumatic brain injury prognosis. Arch Phys 
Med Rehabil 2014;95:S152–73.

 7 Foundation ON. Guidelines for concussion/mild traumatic brain injury 
& persistent symptoms, 2013.

 8 Silverberg ND, Panenka WJ, Iverson GL. Work productivity loss after 
mild traumatic brain injury. Arch Phys Med Rehabil 2018;99:250–6.

 9 Theadom A, Barker- Collo S, Jones K, et al. Work limitations 4 years 
after mild traumatic brain injury: a cohort study. Arch Phys Med 
Rehabil 2017;98:1560–6.

 10 Theadom A, Parag V, Dowell T, et al. Persistent problems 1 year after 
mild traumatic brain injury: a longitudinal population study in New 
Zealand. Br J Gen Pract 2016;66:e16–23.

 11 Kristman VL, Côté P, Yang X, et al. Health care utilization of workers' 
compensation claimants associated with mild traumatic brain injury: 
a historical population- based cohort study of workers injured in 
1997-1998. Arch Phys Med Rehabil 2014;95:S295–302.

 12 Hunt C, Zanetti K, Kirkham B, et al. Identification of hidden health 
utilization services and costs in adults awaiting tertiary care following 
mild traumatic brain injury in Toronto, Ontario, Canada. Concussion 
2016;1:CNC21.

 13 Rao DP, McFaull S, Thompson W, et al. At- a- glance - Traumatic brain 
injury management in Canada: changing patterns of care. Health 
Promot Chronic Dis Prev Can 2018;38:147–50.

 14 Seabury SA, Gaudette Étienne, Goldman DP, et al. Assessment of 
follow- up care after emergency department presentation for mild 
traumatic brain injury and concussion: results from the TRACK- TBI 
study. JAMA Netw Open 2018;1:e180210.

 15 Galili SF, Bech BH, Vestergaard C, et al. Use of general practice 
before and after mild traumatic brain injury: a nationwide 
population- based cohort study in Denmark. BMJ Open 
2017;7:e017735.

 16 Terry DP, Iverson GL, Panenka W, et al. Workplace and non- 
workplace mild traumatic brain injuries in an outpatient clinic sample: 
a case- control study. PLoS One 2018;13:e0198128.

 17 Morris ZS, Wooding S, Grant J. The answer is 17 years, what is the 
question: understanding time lags in translational research. J R Soc 
Med 2011;104:510–20.

 18 Bauer MS, Damschroder L, Hagedorn H, et al. An introduction 
to implementation science for the non- specialist. BMC Psychol 
2015;3:32.

 19 Gagliardi AR, Brouwers MC, Palda VA, et al. How can we improve 
guideline use? A conceptual framework of implementability. 
Implement Sci 2011;6:26.

 20 Rashidian A, Eccles MP, Russell I. Falling on stony ground? A 
qualitative study of implementation of clinical guidelines' prescribing 
recommendations in primary care. Health Policy 2008;85:148–61.

 21 Cabana MD, Rand CS, Powe NR, et al. Why don’t physicians follow 
clinical practice guidelines? JAMA 1999;282:1458–65.

 22 Baker R, Camosso- Stefinovic J, Gillies C, et al. Tailored interventions 
to address determinants of practice. Cochrane Database Syst Rev 
2015:CD005470.

 23 Flodgren G, Hall AM, Goulding L, Eccles MP, Grimshaw J, et al. 
Tools developed and disseminated by guideline producers to 
promote the uptake of their guidelines. Cochrane Database Syst Rev 
2016:CD010669.

 24 Chrisman SP, Schiff MA, Rivara FP. Physician concussion knowledge 
and the effect of mailing the CDC's "Heads Up" toolkit. Clin Pediatr 
2011;50:1031–9.

 25 Stoller J, Carson JD, Garel A, Snow CL, et al. Do family physicians, 
emergency department physicians, and pediatricians give consistent 
sport- related concussion management advice? Can Fam Physician 
2014;60:548–52.

 26 Grol R, Grimshaw J. From best evidence to best practice: 
effective implementation of change in patients' care. Lancet 
2003;362:1225–30.

 27 Grimshaw JM, Shirran L, Thomas R, et al. Changing provider 
behavior: an overview of systematic reviews of interventions. Med 
Care 2001;39:II2–45.

 28 Grimshaw J, Eccles M, Thomas R, et al. Toward evidence- 
based quality improvement. Evidence (and its limitations) of the 

effectiveness of guideline dissemination and implementation 
strategies 1966-1998. J Gen Intern Med 2006;21:S14–20.

 29 Arditi C, Rège- Walther M, Wyatt JC, et al. Computer- Generated 
reminders delivered on paper to healthcare professionals; effects on 
professional practice and health care outcomes. Cochrane Database 
Syst Rev 2012;12:CD001175.

 30 Gilbody S, Richards D, Brealey S, et al. Screening for depression 
in medical settings with the patient health questionnaire (PHQ): a 
diagnostic meta- analysis. J Gen Intern Med 2007;22:1596–602.

 31 Wittkampf KA, Naeije L, Schene AH, et al. Diagnostic accuracy of 
the mood module of the patient health questionnaire: a systematic 
review. Gen Hosp Psychiatry 2007;29:388–95.

 32 Fann JR, Bombardier CH, Dikmen S, et al. Validity of the patient 
health Questionnaire-9 in assessing depression following traumatic 
brain injury. J Head Trauma Rehabil 2005;20:501–11.

 33 Cook KF, Bombardier CH, Bamer AM, et al. Do somatic and cognitive 
symptoms of traumatic brain injury confound depression screening? 
Arch Phys Med Rehabil 2011;92:818–23.

 34 Donders J, Pendery A. Clinical utility of the patient health 
Questionnaire-9 in the assessment of major depression after 
broad- spectrum traumatic brain injury. Arch Phys Med Rehabil 
2017;98:2514–9.

 35 Terry DP, Brassil M, Iverson GL, et al. Effect of depression 
on cognition after mild traumatic brain injury in adults. Clin 
Neuropsychol 2019;33:124–36.

 36 Dyer JR, Williams R, Bombardier CH, et al. Evaluating the 
psychometric properties of 3 depression measures in a sample of 
persons with traumatic brain injury and major depressive disorder. J 
Head Trauma Rehabil 2016;31:225–32.

 37 Spitzer RL, Kroenke K, Williams JBW, et al. A brief measure for 
assessing generalized anxiety disorder: the GAD-7. Arch Intern Med 
2006;166:1092–7.

 38 Löwe B, Decker O, Müller S, et al. Validation and standardization 
of the generalized anxiety disorder screener (GAD-7) in the general 
population. Med Care 2008;46:266–74.

 39 Bastien CH, Vallières A, Morin CM. Validation of the insomnia severity 
index as an outcome measure for insomnia research. Sleep Med 
2001;2:297–307.

 40 Morin CM, Belleville G, Bélanger L, et al. The insomnia severity index: 
psychometric indicators to detect insomnia cases and evaluate 
treatment response. Sleep 2011;34:601–8.

 41 Gagnon C, Bélanger L, Ivers H, et al. Validation of the 
insomnia severity index in primary care. J Am Board Fam Med 
2013;26:701–10.

 42 Steiner TJ, Gururaj G, Andrée C, et al. Diagnosis, prevalence 
estimation and burden measurement in population surveys of 
headache: presenting the hardship questionnaire. J Headache Pain 
2014;15:3.

 43 King NS, Crawford S, Wenden FJ, et al. The Rivermead post 
concussion symptoms questionnaire: a measure of symptoms 
commonly experienced after head injury and its reliability. J Neurol 
1995;242:587–92.

 44 Mercier E, Tardif P- A, Emond M, et al. Characteristics of patients 
included and enrolled in studies on the prognostic value of serum 
biomarkers for prediction of postconcussion symptoms following 
a mild traumatic brain injury: a systematic review. BMJ Open 
2017;7:e017848.

 45 Üstün TB, Kosstanjsek N, Chatterji S. Measuring health and disability: 
manual for who disability assessment schedule WHODAS 2.0, 2010.

 46 Snell DL, Iverson GL, Panenka WJ, et al. Preliminary validation of the 
world Health organization disability assessment schedule 2.0 for mild 
traumatic brain injury. J Neurotrauma 2017;34:3256–61.

 47 von Steinbuechel N, Wilson L, Gibbons H, et al. QOLIBRI overall 
scale: a brief index of health- related quality of life after traumatic 
brain injury. J Neurol Neurosurg Psychiatry 2012;83:1041–7.

 48 Campbell M, Grimshaw J, Steen N, et al. Sample size calculations for 
cluster randomised trials. J Health Serv Res Policy 2000;5:12–16.

 49 Laws MB, Lee Y, Taubin T, et al. Factors associated with patient 
recall of key information in ambulatory specialty care visits: results of 
an innovative methodology. PLoS One 2018;13:e0191940.

 50 Gagliardi AR, Légaré F, Brouwers MC, et al. Patient- mediated 
knowledge translation (PKT) interventions for clinical encounters: a 
systematic review. Implement Sci 2016;11:26.

 51 Fønhus MS, Dalsbø TK, Johansen M, et al. Patient- mediated 
interventions to improve professional practice. Cochrane Database 
Syst Rev 2018;9:CD012472.

 52 Lawton R, Heyhoe J, Louch G, et al. Using the theoretical domains 
framework (TDF) to understand adherence to multiple evidence- 
based indicators in primary care: a qualitative study. Implement Sci 
2016;11:113.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-035527 on 20 O

ctober 2020. D
ow

nloaded from
 

http://dx.doi.org/10.1080/13854040903074652
http://dx.doi.org/10.1016/j.apmr.2013.08.299
http://dx.doi.org/10.1016/j.apmr.2013.08.300
http://dx.doi.org/10.1016/j.apmr.2013.08.300
http://dx.doi.org/10.1016/j.apmr.2017.07.006
http://dx.doi.org/10.1016/j.apmr.2017.01.010
http://dx.doi.org/10.1016/j.apmr.2017.01.010
http://dx.doi.org/10.3399/bjgp16X683161
http://dx.doi.org/10.1016/j.apmr.2013.08.296
http://dx.doi.org/10.2217/cnc-2016-0009
http://dx.doi.org/10.24095/hpcdp.38.3.05
http://dx.doi.org/10.24095/hpcdp.38.3.05
http://dx.doi.org/10.1001/jamanetworkopen.2018.0210
http://dx.doi.org/10.1136/bmjopen-2017-017735
http://dx.doi.org/10.1371/journal.pone.0198128
http://dx.doi.org/10.1258/jrsm.2011.110180
http://dx.doi.org/10.1258/jrsm.2011.110180
http://dx.doi.org/10.1186/s40359-015-0089-9
http://dx.doi.org/10.1186/1748-5908-6-26
http://dx.doi.org/10.1016/j.healthpol.2007.07.011
http://dx.doi.org/10.1001/jama.282.15.1458
http://dx.doi.org/10.1002/14651858.CD005470.pub3
http://dx.doi.org/10.1002/14651858.CD010669.pub2
http://dx.doi.org/10.1177/0009922811410970
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/24925947
http://dx.doi.org/10.1016/S0140-6736(03)14546-1
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/11583120
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/11583120
http://dx.doi.org/10.1111/j.1525-1497.2006.00357.x
http://dx.doi.org/10.1002/14651858.CD001175.pub3
http://dx.doi.org/10.1002/14651858.CD001175.pub3
http://dx.doi.org/10.1007/s11606-007-0333-y
http://dx.doi.org/10.1016/j.genhosppsych.2007.06.004
http://dx.doi.org/10.1097/00001199-200511000-00003
http://dx.doi.org/10.1016/j.apmr.2010.12.008
http://dx.doi.org/10.1016/j.apmr.2017.05.019
http://dx.doi.org/10.1080/13854046.2018.1459853
http://dx.doi.org/10.1080/13854046.2018.1459853
http://dx.doi.org/10.1097/HTR.0000000000000177
http://dx.doi.org/10.1097/HTR.0000000000000177
http://dx.doi.org/10.1001/archinte.166.10.1092
http://dx.doi.org/10.1097/MLR.0b013e318160d093
http://dx.doi.org/10.1016/S1389-9457(00)00065-4
http://dx.doi.org/10.1093/sleep/34.5.601
http://dx.doi.org/10.3122/jabfm.2013.06.130064
http://dx.doi.org/10.1186/1129-2377-15-3
http://dx.doi.org/10.1007/BF00868811
http://dx.doi.org/10.1136/bmjopen-2017-017848
http://dx.doi.org/10.1089/neu.2017.5234
http://dx.doi.org/10.1136/jnnp-2012-302361
http://dx.doi.org/10.1177/135581960000500105
http://dx.doi.org/10.1371/journal.pone.0191940
http://dx.doi.org/10.1186/s13012-016-0389-3
http://dx.doi.org/10.1002/14651858.CD012472.pub2
http://dx.doi.org/10.1002/14651858.CD012472.pub2
http://dx.doi.org/10.1186/s13012-016-0479-2
http://bmjopen.bmj.com/

	Promoting early treatment for mild traumatic brain injury in primary care with a guideline implementation tool: a pilot cluster randomised trial
	Abstract
	Introduction
	Methods
	Patient and public involvement

	Interventions
	Outcome measures
	Statistical analyses

	Results
	Patient recall of physician actions
	Blinded chart audits
	Patient-reported clinical outcomes

	Discussion
	References


