
Mild traumatic brain injury (mTBI) accounts for 70 to 90% of
all TBI cases and is a major source of morbidity with up to 15 to
20% of patients experiencing long-term complaints1-5.
Surprisingly, early detection of mTBI continues to be a
considerable challenge. There is a discrepancy between the
emphasis on acute injury characteristics such as post-traumatic
amnesia (PTA) in the definitions found in mTBI literature, and
the operational definitions of mTBI used in clinical settings6-9.
Surveys of European hospitals and US Level I trauma centres
found that there was little agreement in how mTBI was
diagnosed9-11. Specifically, only 46% of the US Level I trauma
centres reported using a formal evaluation for all diagnosed
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identified through reviewing three months of Emergency Department (ED) and Family Physician (FP) health records. Potential cases
were selected from ED records using the International Classification of Disease, 9th revision, Clinical Modification and External Cause
codes and from all FPs records for the time period. Documented diagnoses of mTBI were compared to expert reviewer diagnosis.
Incidence of mTBI was determined using the documented diagnoses and data from hospital catchment areas and population census.
Results: 876 potential mTBI cases were identified, 25 from FP records. Key indicators of mTBI were missing on many records (e.g.,
308/876 records had Glasgow Coma Scale (GCS) scores). The expert reviewer disagreed with the documented diagnosis in 380/876
cases (kappa=0.19). The expert reviewer was more likely to give a diagnosis if the GCS was 13-14, if there was documented loss of
consciousness and/or post-traumatic amnesia, and/or if there was pathology found on an acute brain scan. Calculated incidence rates of
hospital-treated mTBI were 426 or 535/100,000 (expert review – hospital diagnosis). Including family physician cases increased the rate
to 493 or 653/100,000. Conclusion: Health record documentation of key indicators for mTBI is often lacking. Notwithstanding, some
patients with mTBI appear to be missed or misdiagnosed by primary care physicians. A more comprehensive case definition resulted
in estimated incidence rates higher than previous reports.

RÉSUMÉ: Identification précoce et incidence du traumatisme cérébral léger en Ontario. Objectifs : (1) Examiner la variabilité dans le diagnostic
du traumatisme cérébral léger (TCL) en première ligne par rapport au diagnostic d’un réviseur expert et (2) déterminer le taux d’incidence du TCL en
Ontario, Canada. Méthode : Nous avons identifié les cas potentiels de TCL par révision des dossiers du service des urgences et des médecins de famille
sur une période de trois mois. Les cas potentiels identifiés à partir des dossiers du service des urgences au moyen de la Classification internationale des
maladies, 9e révision, modification clinique et codes des causes externes, et de tous les dossiers des médecins de famille pour ces trois mois. Les
diagnostics de TCL certains selon les dossiers ont été comparés aux diagnostics de l’expert réviseur pour ces mêmes cas. L’incidence de TCL a été
déterminée d’une part au moyen des diagnostics certains et des données hospitalières des secteurs sanitaires et d’autre part du recensement de
population. Résultats : Huit cent soixante-seize cas potentiels de TCL ont été identifiés dont 25 à partir des dossiers des médecins de famille. Des
indicateurs clés d’un TCL étaient absents de plusieurs dossiers (par exemple 308/876 dossiers contenaient un score du Glasgow Coma Scale (GCS)).
Le réviseur expert était en désaccord avec le diagnostic établi chez 380/876 cas (kappa = 0,19). Le réviseur expert était plus enclin à poser ce diagnostic
si le score GCS était de 13 ou 14, si le patient avait perdu conscience et/ou avait présenté une amnésie post-traumatique et/ou si le scan cérébral effectué
en phase aiguë était pathologique. Les taux d’incidence calculés pour les cas de TCL traités à l’hôpital étaient de 426 ou 535/100,000 (révision par
l’expert - diagnostics hospitaliers). Si on inclut les cas des médecins de famille, le taux passait à 493 ou 653/100,000. Conclusion : Les indicateurs
clés de TCL sont souvent absents des dossiers médicaux. Néanmoins, il semble que le diagnostic de TCL soit manqué ou qu’un diagnostic erroné soit
posé par le médecin de première ligne. Une définition de cas plus complète a fourni des taux d’incidence estimés plus élevés que ceux rapportés
antérieurement.
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mTBI patients while 17% did not evaluate any mTBI patients10.
Furthermore, the reported methods of evaluating patients for
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mTBI varied from recording self-reported symptoms, to using
specific standardized tests (e.g. Galveston Orientation and
Amnesia Test, Wechsler Memory test, Brain Injury Test Battery)
or a combination of both10. Similarly, over 47% of leading
neurosurgeons in Germany responding to a survey of diagnosis
and management of mTBI by the European Federation of
Neurological Societies reported that guidelines for managing
mild brain injury were not available in their country12. Among
the same group, only 20% indicated there were no guidelines at
their particular hospital suggesting that many had developed site-
specific guidelines – a potential source of the discrepancy in
operational definitions.

In the acute management phase accurate diagnosis of patients
with potential brain injury allows classification of the brain
injury based on severity which in turn assists in determining
patients’ prognoses and guides the application of assessment
tools (e.g., computed tomography scans) to identify intracranial
lesions requiring immediate medical care13. The acute diagnostic
procedure for patients with suspected brain injury should begin
with a clinical evaluation focusing on level of consciousness,
amnesia, physical and neurological examination14. Findings will
aid in determining whether more advanced diagnostic tests, such
as computed tomography (CT) scans and magnetic resonance
imaging are necessary13. However, some patients with mTBI
may be ill-served on first entry to the health care system due to
the inconsistencies in practice procedures. The major clinical
implication of this is that mTBI patients may be undiagnosed
(missed) or that patients without mTBI may be given that
diagnosis (misdiagnosed). Along the health care continuum, it is
likely that some of these patients then receive conflicting
diagnoses by neurologist, neurosurgeons, neuro-psychologists,
and psychiatrists who are using different definitions of mTBI.
Given that simple early patient education has been shown to
reduce long-term complaints following mTBI, the value of
accurately identifying mTBI cases is clear15,16.

Variability in diagnoses also creates major challenges for
determining the incidence rate of mTBI. First is the well-known
difficulty in defining and selecting mTBI cases17. Kraus et al
(1994) stated that “even among the most detailed of
epidemiologic studies in brain injury, the definition of a case and
the criteria for and scoring of injury severity have varied
markedly.”18. Second is the challenge of identifying the various
primary care settings that mTBI patients may visit. For example,
in rural areas or areas where hospital access is difficult, mTBI
patients may prefer visiting family physician clinics. Therefore,
relying on one source of data (e.g. hospital records) may lead to
underestimation of the incidence rate. Moreover, given that only
45% of potential brain injury cases in Ontario were hospitalized,
the admission and discharge records may only highlight more
serious injuries19. It is important to keep in mind that
incorporating different types of primary care settings in
epidemiological studies still will not account for the up to 25%
of mild to moderately brain injured individuals who do not seek
any medical care20,21.

Thus, the objectives of this study were: 1) to further our
understanding of the variability in acute diagnostic procedure for
potential mTBI in the primary care settings (defined as the
patient’s first point of entry into the health care system,
specifically ED and FP clinics22) by determining whether

patients with mTBI are being missed and/or misdiagnosed
through comparison of primary care physician diagnosis to that
of a expert reviewer; and 2) To determine the incidence rate of
mTBI in Ontario, Canada based on emergency department and
family physician records.

METHODS
Design

This study used a retrospective cross-sectional design.

Sample
Three months of records (within November to February) were

reviewed in 2001 from 12 EDs and 19 FP clinics selected from
the five different geographical regions in Ontario designated by
the Ontario Hospital Association (OHA) and to include urban
(defined as metropolitan areas with a population of at least
100,00023) and rural, teaching, and non-teaching centres. Each
participating hospital provided ethics approval for the study as
did the University of Toronto and Baycrest Research Ethics
Boards. Twelve of 14 hospitals and 19 of 76 FPs agreed to
participate. The most common reason FPs reported for not
participating in the study was lack of time.

In order to obtain records of as many people with mTBI as
possible whether or not they had a documented diagnosis on their
health record we used the following methods. For ED data,
health records departments were asked to pull three consecutive
months of ED records using the International Classification of
Disease, 9th revision, Clinical Modification (CM) codes
specifying for potential brain injury and the External Cause for
Injury codes (E-codes) for any injuries involving acceleration/
deceleration including motor vehicle crashes, accidental falls,
other accidents, late effects of accidents and assault24. The
specific ICD-9-CM codes used included those for either fracture
of skull or intracranial injury (ICD-9-CM 800-804; 850-854).
Thus, records were pulled for potential mTBI cases. We
hypothesized that not everyone who actually had an mTBI would
have a documented diagnosis of mTBI and be given the correct
CM code. In the case of the FPs, the case extraction involved
reviewing physician’s notes of all patients seen in a three-month
period. Patients were categorized as potential mTBI cases if they
had received one or more of the following: (1) a diagnosis on
their health record of concussion or mild brain injury; (2)
Glasgow Coma Scale (GCS) scores of 13 or 14; (3) head trauma
involving acceleration/deceleration; (4) if they were prescribed
to receive head injury routine (e.g., being awakened every one to
two hours to look for any changes in symptoms)10; (5) any loss
of consciousness (LOC), (6) any loss of memory for events
immediately before or after the accident (known as post-
traumatic amnesia); (7) any alteration in mental state at the time
of the accident (e.g. feeling dazed, disoriented, or confused),
and/or (8) focal neurological deficit(s) that may or may not be
transient (9). If there was no diagnosis of TBI on the health
record, patients were excluded as potential mTBI cases if they
had; 1) only injuries not involving the head and/or 2) severe
brain injury marked by LOC>30 minutes, GCS<13, and/or
PTA>24 hours7. Patients under 16 years-of-age were also
excluded. In order to prevent double counting of potential mTBI
patients, only patients visiting the participating EDs or FP clinics
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as their first point of contact into the health care system were
included. Each potential mTBI case identified in the FP records
was checked to ensure that the person had not previously
received acute care for their injury and those visiting the ED or
FP for follow-up care were excluded. This procedure resulted in
876 records of people with a potential (or possible) mTBI, a
subset of which has a documented diagnosis.

Procedure
Trained research assistants visited each participating ED and

FP in pairs to undertake record extraction. Over 21,000 patient
records from the 12 EDs and over 23,000 patient records from 19
FP clinics were reviewed. Data extracted from the health record
of each potential mTBI patient included (where ever possible):
age, gender, mechanism of injury, presence and length of loss of
consciousness or/and post-traumatic amnesia, GCS scores, blood
alcohol levels, symptoms potentially related to brain injuries
(headache, nausea, vomiting), computed tomography scan
results, head/neck examination results, neurological examination
results, and management orders that specified head injury
routine. Other factors recorded were mode of arrival at hospital,
and type of primary care setting (ED vs. FP; rural vs. urban
centres; teaching vs. non-teaching centres).

In order to address the issue of missed and/or misdiagnosed
mTBI cases, a review of the extracted data of the 876 potential
mTBI cases was performed by a physician experienced in
diagnosis and management of TBI as this physician is the
director of a large brain injury clinic. This was our ‘expert’
reviewer. This reviewer typically uses the American Congress of
Rehabilitation Medicine’s definition of mTBI as the primary
guide for diagnosis along with considering supplemental
information extracted from the patient charts (e.g. symptoms,
examination data, CT scan results, medical history, blood alcohol
level, etc.). We elected to use an expert for this second review as
this physician is highly experienced at evaluating brain injury, its
complications, and undertaking differential diagnosis in the
presence of conflicting information.

Data Analyses
Diagnostic Variability: Descriptive statistics were carried out

to characterize the sample of potential mTBI patients and to
compare patients who had a documented (i.e., in the health
record) diagnosis of mTBI from their primary care physician
with those who did not have a diagnosis of mTBI in their health
record. To address objective one regarding variability in
diagnosis of mTBI, we investigated: (1) whether, among all
potential mTBI patients, there were significant differences on
patient and injury related characteristics as well as in relation to
the type of primary care at which they were first seen (ED vs. FP)
between the patients with a documented diagnosis of mTBI and
those without. Pearson chi-square tests for nominal data and
Mann-Whitney U tests for continuous data were used25; and (2)
the level of agreement in diagnosis between the primary care
physicians and the expert reviewer by using Cohen’s Kappa26.
Although Cohen’s Kappa is not designed to be used between
multiple reviewers, it is the best statistic available to provide us
with this kind of approximation. Mechanism of injury was not
included in the comparative analyses because the magnitude of

acceleration/deceleration associated with the injury was not
included in the patient charts. All analyses were conducted using
Statistical Package for the Social Sciences 15.0 Software (SPSS
15.0) for Windows.

Incidence of mTBI: Incidence rates for mTBI in the province
of Ontario were calculated based on the primary care physicians’
acute diagnosis and on the expert reviewer’s diagnosis. The
numerator in both instances was calculated based on the data
obtained from participating EDs considering their specific
catchment areas. The denominator for these calculations was all
persons over 16 years-of-age living in Ontario, Canada at the
time of data collection (obtained from 2001 Statistics Canada
Census)23. The number of cases from three months of ED records
was extrapolated to one year and subsequently weighted based
on the relative population of the catchment area to their
corresponding OHA region. Thus, the incidence rate equation
used was; Rate = [#case/yr x weighting of catchment area] x
[100,000/total population]. For example, if a hospital in Ottawa
(with a catchment population of 500,000 and OHA region
population of 1.8 million; catchment area weighting of 3.6)
recorded 400 cases of mTBI in one year, the annual incidence
would be 80/100,000. The data from three months of FP clinic
records was extrapolated to one year and subsequently to the
number of FPs practicing during the year of data collection in
2001. The number of active FPs was retrieved from the Ontario
Physician Human Resources Data Centre – a source of physician
information practicing in Ontario27.

RESULTS
Diagnostic Variability

From the review of patients’ health records, 876 cases were
identified as potentially having a mTBI (851 from EDs and 25
from FP clinics). These included 509 patients who had a
documented diagnosis of mTBI on their health record. That is,
these patients were given this diagnosis by their primary care
physician. An additional 367 patients did not have a documented
diagnosis. A comparison of these two groups on variables that
would normally contribute to the diagnosis of mTBI is shown in
Table 1. Of note, is that relatively few health records had
documentation of a number of the critical variables used to
determine whether or not someone has an mTBI. For example,
only 308/876 (35.2%) records included GCS scores. The length
of loss of consciousness and/or presence or absence of post-
traumatic amnesia were most commonly documented (727/876
records – 83%). Surprisingly, the proportion of people with a
GCS score of 13 or 14 with a documented diagnosis of mTBI
was no different than that given no diagnosis. Similarly there
was no statistically significant difference in the proportion of
people with documented LOC and/or PTA given an mTBI
diagnosis compared to that not given a diagnosis. Further,
significantly fewer patients with abnormal findings on acute
brain CT scans (i.e., new contusions, subdural hemorrhages,
intra-cranial bleeds) were diagnosed with TBI than expected. As
would be expected significantly more patients with headaches,
nausea and/or vomiting were given a diagnosis of mTBI and
significantly more patients prescribed a head injury routine as
follow-up were given a diagnosis of mTBI although notably 117
patients not diagnosed with mTBI were prescribed a head injury
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routine for follow-up.
The level of agreement on diagnosis between the expert

reviewer and the diagnosis provided in primary care was very
low (Table 2). Of the 876 potential mTBI cases, there was
agreement on only 516 cases (59.5%)(k=0.19, CI=0.1-0.3). Of
the 360 discrepant cases, 236 were given a diagnosis of mTBI by
a primary care physician but not by the expert reviewer whereas
124 were given a diagnosis of mTBI by the expert reviewer but
not by the primary care physician. The lack of documentation in
the health records precluded an in-depth analysis of all
discrepancies. For example, only 122 of the discrepant cases had
documented GCS scores. Notably, 20 people with a documented
GCS of 13-14 did not have a documented diagnosis of mTBI on
their health records whereas 69 people with a documented GCS
of 15 did. Of the two cases with a documented GCS of 13-14 not
given a diagnosis of mTBI by the expert reviewer, one had fallen
after coming out a pub and had a high blood alcohol level; the
other had a secondary diagnosis of dementia. Of the 20 given an
mTBI diagnosis by the expert reviewer but not by the ER, ten
also had a documented LOC and ten had a documented PTA but
none of these had a documented mTBI. Indeed, a total of 64
people with documented LOC and/or PTA were not given a
diagnosis of mTBI in primary care. Perhaps most surprising is
that 11 of the 12 discrepant cases with abnormal brain pathology
on acute scan were not given a diagnosis of mTBI. The person

with abnormal brain pathology not given a diagnosis of mTBI
had a GCS of 11 and was given a diagnosis of moderate TBI. In
sum, the expert reviewer diagnosed more patients as mTBI if
they had GCS scores of 13-14, documented LOC and/or PTA,
intracranial complications, nausea, vomiting, and abnormal
neurological exam results.

Incidence of mTBI
Incidence rate estimates are reported in Table 3. Two rates

were calculated, one based on the diagnoses provided by the
primary care physicians, the other on the expert review
diagnosis. In both instances, the denominator for the rates was
the total adult population (age 16+) in Ontario in 2001 which was
9.4 million. The numerator for incidence rates for ED cases was
calculated as described in the planned analyses by weighting the
population of the ED catchment area to the corresponding OHA
region. The population of the 12 ED catchment areas in 2001 was
approximately 1.4 million. Thus, for the ED cases alone, the
incidence rate calculated was between 426 (as per expert
reviewer) and 535 (as per ED physician).

The numerator for the FP incidence rates was extrapolated
given that in 2001, the total number of active FPs in Ontario was
9,478. From the 19 participating FP clinics, nine FPs had
potential mTBI cases in the three months of patient records. Of
the 25 potential mTBI cases identified through FP records, seven

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

432

Table 1: Comparison of patients with a documented mTBI diagnosis and those without

Patient Characteristics Overall mTBI DX No mTBI DX
(n=876) (n=509) (n=367)

Demographic Data
• Mean Age ± SD 41.2 ±20.9 42.2±21.0*
• Gender - male 486 / 876‡ 295 191

Documented Injury-Related Data
• GCS of 13-14 61 / 308 37 24
• LOC/PTA 232 / 727 154 78
• Brain pathology on acute CT scan 27 / 180 14 13*
• Headache 390 / 498 225 165*
• Nausea 151 / 362 109 42
• Vomiting 54 / 363 41 13
• Confusion 65 / 85 47 18
• Cognitive deficit 30 / 46 17 13
• Balance problem 21 / 35 15 6
• Abnormal Neurological exam 50 / 689 31 19
• Head Injury routine 333 / 333 216 117**

Primary Care Characteristics
• Visited ED first 851 / 876 502 349

- Visited Urban centre 515 / 851 327 188
- Visited Teaching hospital 143 / 851 106 37
- Arrival by ambulance 232 / 851 134 98*

• Visited FP first 25 / 876
‡Denominator represents the total number of cases for which the variable was documented; *p≤0.05; **p≤0.01
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patients were diagnosed as mTBI by the primary care physicians
and four were diagnosed as mTBI by the expert reviewer. Of
particular note, approximately 18% of total mTBI incidence rate
was identified from FP records.

DISCUSSION
This study is the first to investigate the variability in

diagnostic criteria for mTBI in Ontario and indeed in Canada and
the first to provide estimates of mTBI incidence that include
cases presenting first to family physician offices. Our results
suggest that mTBI incidence estimates may be under reported for
two reasons. First, it appears that there are a substantive number
of people being misdiagnosed with mTBI based on our analyses.
Secondly, a considerable portion of patients with mTBI present
first to family physician offices rather than EDs. These cases
have not been included before in incidence rates. Clinically, the
missing documented (or simply missing) and misdiagnosed
cases of mTBI may result in increased difficulty for patients.
Those who do have an mTBI but do not receive a diagnosis may
not receive interventions that in some instances could be
helpful28,29. Early intervention is particularly important in

patients with pre-injury psychiatric problems in preventing long-
term complaints28. Conversely patients who receive the
diagnosis of mTBI without actually having one may be subject
to unnecessary worry and stress. Finally, as Russell argued in his
seminal paper, making the diagnosis is important because it is
predictive of what comes next30.

Diagnostic Variability
Our data suggest that mTBI is both missed and misdiagnosed

in the primary care setting (ED and FP offices). One possible
explanation for missed diagnoses is a lack of accurate
documentation. That is, physicians are making the correct
diagnosis but this is not being documented on the health record.
Given the busyness of emergency departments it is entirely
feasible that all relevant information is not recorded. Our data
suggest this as there are many records missing data relevant to
the TBI diagnosis such as GCS scores and loss of consciousness.
However, it may also be the case that physicians are not
recognizing mTBIs. This would account for missed and
misdiagnosis and is a problem that has been identified in other
populations as well. For example, Hustey and Meldon reported
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Table 2: Documented mTBI criteria for cases provided with discrepant diagnosis by reviewers (n=360)

Health Secondary k 95% CI
Record Review
Diagnosis Diagnosis

Total Number of Cases 236 124 0.19 0.1 - 0.3
Injury-related Data*

• Documented GCS 13-14 (n=22) 2 20 0.13 -0.2 - 0.4
• Documented GCS 15 (n=100) 69 31 0.19 0.1 - 0.3
• Documented LOC/PTA (n=90) 26 64 0.01 -0.1 - 0.2
• No documented LOC/PTA (n=206) 163 43 0.20 0.1 - 0.3
• Documented Head Pathology (n=12) 1 11 0.09 -0.3 - 0.5
• Documented Headache (n=133) 70 63 0.31 0.2 - 0.4
• Documented Nausea (n=41) 17 24 0.29 0.1 - 0.5
• Documented Vomiting (n=20) 7 13 -.04 -0.4 - 0.3
• Abnormal Neuro Exam (n=24) 11 13 -.04 -0.3 - 0.3

*The number of cases for which the variable was available is shown

Table 3: Incidence rate estimates of mTBI in Ontario

ED FP Total
Dx by Primary Care Physicians 535 / 100,000 118 / 100,000 653 / 100,000
Dx by Secondary Reviewer 426 / 100,000 67 / 100,000 493 / 100,000
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that only 22% of elderly patients seen in an ED and known to
have mental status impairment had documentation attesting to
this31. Hustey and Meldon suggest that the cause of this was that
ED physicians failed to recognize this problem. The same could
be true in the case of mTBI, a diagnosis of some controversy3 and
complicated by the fact that there is no diagnostic gold
standard3,9,13,32 although recommendations do exist. For
example, Kennedy noted that physicians should consider acute
indicators of clinical deterioration (i.e. GCS score <15, LOC,
PTA, vomiting, neurological deficits) during their acute
evaluation of mTBI patients14. A failure of recognition would
also at least in part explain misdiagnosis as well. A third reason
is that the definition used by our expert reviewer is different than
that used in many acute care settings.

Lack of documentation and lack of knowledge are two
possible reasons for our findings. Interestingly, there seemed to
be some systematic bias associated with this. The number of
patients diagnosed with mTBI by primary care physicians was
significantly different based on the type of primary care settings.
Patients were more likely to receive this diagnosis if they
presented to EDs versus FPs, to teaching versus non-teaching
hospitals and to urban versus rural settings. We were not able to
determine the reason for this bias but it may be that urban,
teaching affiliated EDs have more resources that would allow
more attention to be paid to diagnosis and documentation.

It would be remiss not to discuss the possibility that it is likely
that some missed and misdiagnosed cases may be related to a
lack of knowledge regarding mTBI. We suggest this as a number
of patients with key indicators of brain injury (i.e., GCS 13 to 14,
LOC and/or PTA, intracranial complications) did not receive a
diagnosis of mTBI whereas other patients were given a diagnosis
without any key indicators (e.g., GCS=15, no LOC, no PTA).
Given the increasing awareness about the possible deleterious
effects of even very mild TBI5, it would seem important to find
ways to disseminate knowledge about diagnosis of mTBI to
physicians in ways that can be readily utilized. Such tools are
widely available for decisions about return to play in sports (e.g.,
Sports Concussion Assessment Tool card and Practice
Parameter: The Management of Concussion in Sports9,33.

Incidence of mTBI
To the best of our knowledge, we are the first to attempt to

count cases of mTBI that present first in family practitioners
offices. Our hospital-treated rate was 535/100,000 based on
documented cases of mTBI and 426/100,000 based on the expert
review of data extracted from charts. These rates increased to
653/100,000 and 453/100,000 respectively when cases seen in
family physician offices were included. Although our sample
was small, the 18% increase in incidence attributable to non
hospital-treated cases is startling but does fit with previous
estimates. Cassidy1 reported that published incidence rates of
hospital-treated cases with mTBI range from 100 to 300/
100,000 population but that true rates (including those not
treated in hospital) was probably above 600/100,000. The
distribution of the mTBI patient population visiting the different
primary care settings (ED vs. FP) as their entry into the health
care system is similar to the findings from US studies on TBI that
reported approximately 15 to 31% of TBI patients visited an
outpatient clinic or physician’s office20,21. Our data confirm the
hypothesis in the literature that using only the hospital records

results in an inaccurate underestimation1.
Our hospital-treated rates of mTBI were higher than those

reported in the review paper by Cassidy1. The most likely reason
for this is the way we selected cases. Many epidemiological
studies of mTBI defined cases based only on the ICD-CM
codes1. Additionally, in a number of studies, cases of mTBI were
identified by GCS scores. As seen in our data, these scores are
missing in a large number of cases. Further, some studies
excluded cases seen in the ED and only counted cases admitted
to hospital. No studies have previously reviewed records
identified by E-codes. We hypothesize that our estimate is closer
to the real number of mTBI cases.

There are three important caveats to consider in our incidence
calculation. A limitation in the interpretation and the
generalizability of this study is the representativeness of the data.
Our funding allowed us to collect data from only 12 EDs of 170
in Ontario and 19 FP clinics of the approximately 9,500
practicing FPs in the province. Nevertheless, these centres were
strategically selected from each of five different geographic
regions within Ontario as designated by the Ontario Hospital
Association, and to include urban and rural centres as well as
teaching and non-teaching facilities. We have no reason to
believe that the patient population at these participating sites
would be different from the other sites. Furthermore, while only
a small fraction of the active FPs in Ontario participated in the
study, this is the first study to include patients who sought acute
care in FP clinics over hospital EDs. Given that an estimated
31% of patients visited physician offices instead of the hospital
for head injury in the US, including the FP records in our study
is a significant step towards improving our understanding of the
epidemiology of mTBI20. Finally, it should be noted that our
incidence estimate is likely conservative as we collected data in
the winter months (November through February). Some
epidemiological studies have found that December and January
have lower injury rates than other months34.

The second limitation derives from accuracy of the ICD-9-
CM codes in identifying mTBI cases. Using the ICD codes for
case ascertainment can lead to varying incidence rates depending
on how these codes are assigned. For example, Tate et al reported
that 77% of mTBI cases were not classified as concussion, while
43% of moderate to severe TBI cases were coded as
concussion35. Since a significant number of mTBI cases selected
by the ICD codes are confirmed to be inaccurate, reports in the
literature suggest caution in using the ICD codes as the only
method of case ascertainment36,37. In effort to ensure more
inclusive case ascertainment, we included all injuries that
involve sudden acceleration/deceleration using the E-codes and
ICD-9 codes.

Thirdly, the comprehensiveness of patient charts regarding
the injury related information was a challenge for the expert
physician review. Specifically, there were cases that the expert
physician was uncertain of whether the patients had mTBI or not.
The reasons for uncertainty included lack of data and the
presence of confounding symptoms (e.g., seizure, syncope,
dementia, intoxication). He noted during his review that not
actually seeing patients hampered his ability to make a diagnosis.

Finally, our data are limited for some of the same reasons as
others: there are additional cases of mTBI that do not go to either
EDs or FPs (e.g., sports concussions), there are likely cases that
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did go to the EDs but were not captured in our sampling, and we
did not review cases of moderate and severe TBI that may have
been misdiagnosed as such.

In conclusion, the current incidence estimates of mTBI may
be an under estimation of the actual incidence rate. Specifically,
this may be due to poor documentation of key health
information, inconsistent diagnostic procedure for potential
mTBI cases leading to misdiagnosis, temporal variation in injury
rates and failure to account for the various primary care settings
that mTBI patients receive their initial diagnosis (ED and FP
clinics). A possible clinical implication of missed cases or
misdiagnosis is inadequate early management that could result in
preventable long-term complaints.
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