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2 ABBREVIATIONS
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CDC Centers for Disease Control and Prevention
CNS Central Nervous System
CT  Computed Tomography
DAI  Diffuse Axonal Injury
ED  Emergency Department
EDH Epidural Hemorrhage 
EFNS European Federation of Neurological Societies
GCS Glasgow Coma Scale
GLF Ground-level Fall
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Md Median
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3 ABSTRACT

Patients with acute mild traumatic brain injury (MTBI) are frequently treated in 
emergency departments (ED). With an estimated annual incidence of up to 600 / 
100,000, MTBI causes a considerable number of hospital visits and admissions. Key 
points in the acute management of MTBI are (i) injury identification; (ii) exclusion 
of more severe, even life-threatening, intracranial injuries; and (iii) early identifi-
cation of individuals at risk for prolonged recovery. Computed tomography (CT) 
has a crucial role in revealing intracranial lesions related to more severe brain injury, 
but is not helpful for diagnosing MTBI. Typically, MTBI is diagnosed on the basis 
of clinical and cognitive symptoms, which are generally based on self-report, and 
are non-specific because they overlap with other injuries, conditions, and diseases. 
Furthermore, these diagnostic signs and very early symptoms of MTBI are poorly 
related to long-term outcome.

The central objective of this thesis was to improve the clinical identification 
of acute MTBI among patients with minor head injury (HI) admitted to an ED. 
Additional emphasis was on discovering clinical factors related to outcome. An 
additional objective was to test the validity of the Sport Concussion Assessment 
Tool – Second Edition (SCAT2) in a civilian trauma sample with MTBI. 

This is a prospective follow-up study performed at a single institution. All 
consecutive patients who underwent head CT due to an acute HI (n = 3,023) at the 
Emergency Department of Tampere University Hospital between August 2010 and 
July 2012 formed the initial patient pool for this study. In order to examine a sample 
of working aged adults without pre-injury medical or mental health problems who 
had sustained an acute MTBI, three inclusion criteria and nine exclusion criteria 
were used during enrolment. The final enrolled sample consisted of 75 patients 
with MTBI. For the final MTBI sample, a detailed prospective data collection 
was conducted that included socio-demographics, injury-related data, and clinical 
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information from the ED. The clinical assessment in the ED included the SCAT2 
and the Military Acute Concussion Evaluation. Within two weeks from the injury, 
a magnetic resonance imaging (MRI, 3 Tesla) of the brain was performed. Also, 
2-week, 1-month, and 6-month follow-up assessments were completed. Post-con-
cussion syndrome symptomatology measured with the Rivermead Post-concussion 
Symptoms Questionnaire and the time to return to work (RTW) were used as 
outcome variables. Forty community-dwelling, previously orthopedically-injured 
patients were enrolled as controls using similar study criteria and assessment protocol.  

Applying strict enrolment criteria resulted in a highly selected sample. Of the 
initial sample of 3,023 patients with HI, only 2.5% of the patients were recruited. Age 
and pre-existing psychiatric and neurological problems were the most common causes 
of exclusion. The strict enrolment process considerably modified the characteristics 
of the study population of interest. The majority (52%) of the HIs were caused by 
ground-level falls (GLFs) with an over-representation of older adults. CT-positive 
traumatic intracranial lesions were as likely to occur in GLFs as in other causes of 
injury. Age, chronic alcohol abuse, and being found on the ground after a GLF were 
associated with more frequent lesions on acute CT scanning. Retrograde amnesia 
and the classic diagnostic criteria for MTBI were unrelated to functional outcome 
after MTBI. None of these factors were meaningfully associated with traumatic 
findings on neuroimaging. The scoreable components of the SCAT2 performed 
variably across five dimensions of validity. The Standardized Assessment of Concus-
sion (SAC; i.e., cognitive screening) component distinguished patients with MTBI 
from controls, was associated with acute traumatic lesions on MRI, improved over 
one month post-injury, and predicted RTW. Symptom Scores differentiated patients 
with MTBI from controls, and elevated initial symptom scores in patients with 
MTBI were associated with a greater risk of persistent post-concussion symptoms 
at one month following injury.

In conclusion, studying strictly selected MTBI samples has serious limitations 
in terms of translating research findings into everyday clinical practice. GLFs should 
not be underestimated as a serious causal mechanism for TBI. They are especially 
common in the elderly, who are often excluded from MTBI studies. The relevance 
of retrograde amnesia and traditional diagnostic signs of MTBI seems minor in 
terms of making estimations of functional long-term outcome or decisions about 
neuroimaging. The SCAT2 Symptom Score and the SAC appear useful for detecting 
acute MTBI-related symptoms and cognitive impairment, refining prognosis, and 
monitoring recovery in civilian trauma patients.
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4 TIIVISTELMÄ (ABSTRACT IN FINNISH)

Lievän traumaattisen aivovamman saaneita potilaita kohdataan usein erilaisissa 
päivystystilanteissa. Lievien aivovammojen ilmaantuvuus on arviolta jopa 600 
/ 100 000 ja nämä vammat aiheuttavat merkittävän määrän sairaalakäyntejä ja 
-hoitojaksoja. Keskeisimmät asiat lievien aivovammojen akuutissa hoidossa ovat: (i) 
vamman tunnistaminen, (ii) vakavimpien, jopa henkeä uhkaavien, kallonsisäisten 
vammojen pois sulkeminen, ja (iii) pitkittyneelle toipumiselle alttiiden potilaiden 
varhainen tunnistaminen. Pään tietokonetomografialla (TT) on keskeinen rooli 
pään vamman saaneiden potilaiden hoitoketjussa. Sillä voidaan todeta kallonsisäiset 
vammamuutokset, jotka liittyvät vakavimpiin aivovammoihin. Lievien aivovam-
mojen diagnostiikassa TT:sta ei ole suurta hyötyä. Lievä traumaattinen aivovamma 
diagnosoidaankin kliinisten löydösten ja kognitiivisten oireiden perusteella, jotka 
usein ovat subjektiivisia ja epäspesifisiä. Myös monet muut sairaustilat ja vammat 
voivat simuloida vastaavanlaisia löydöksiä ja oireita kuin lievä aivovamma. Lievän 
aivovamman diagnostiset kriteerit ja varhaiset oireet eivät ole suoraan yhteydessä 
toipumisennusteeseen. 

Tämän väitöskirjan keskeisin tavoite oli parantaa akuuttien lievien traumaattisten 
aivovammojen kliinistä tunnistamista päivystystilanteissa. Myös toipumista en-
nustavia tekijöitä pyrittiin löytämään. Lisäksi tutkittiin Sport Concussion Assessment 
Tool 2 (SCAT2) –työkalun validiteettia. Tällaista tutkimusta ei ensiapu-olosuhteissa 
ole aiemmin tehty.  

Väitöskirja perustuu prospektiiviseen seurantatutkimukseen, joka toteutettiin 
yhdessä tutkimuskeskuksessa. Potilasmateriaalin muodostivat TT-kuvatut pään 
vamman saaneet potilaat (n = 3023). Potilaita hoidettiin Tampereen yliopistollisen 
sairaalan ensiavussa kahden vuoden ajanjakson aikana (elokuu 2010 – heinäkuu 
2012). Tavoitteena oli tutkia työikäisiä lievän aivovamman saaneita potilaita, joilla 
ei ollut diagnosoituja neurologisia tai psykiatrisia sairauksia. Potilasrekrytoinnissa 
käytettiin kolmea inkluusiokriteeriä ja yhdeksää ekskluusiokukriteeriä. Lopullinen 
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rekrytoitu potilaskohortti koostui 75 lievän aivovamman saaneesta potilaasta. Näistä 
potilaista kerättiin perusteelliset tiedot liittyen sosiodemografiaan, vammatapahtu-
maan, sekä kliinisiin löydöksiin. Kliininen arviointi ensiavussa sisälsi SCAT2- sekä 
Military Acute Concussion Evaluation – testauksen. Aivot magneettikuvattiin (MK, 
3 Teslaa) vamman jälkeisen kahden viikon aikana. Toipumista arvioitiin kahden 
viikon, yhden kuukauden ja kuuden kuukauden kuluttua vammasta Rivermead 
Post-concussion Symptoms Questionnaire-kyselyllä. Töihin palaamisajankohtaa 
käytettiin toipumismittarina. Lievän aivovamman saaneita potilaita verrattiin 40 
verrokkipotilaaseen, jotka rekrytoitiin samoja tutkimuskriteereitä käyttäen. 

Tiukkojen tutkimuskriteerien vuoksi tutkimusaineisto oli erittäin valikoitunut. 
Seulottujen 3023 potilaan joukosta tutkimukseen otettiin mukaan vain 2.5 % po-
tilaista. Ikä sekä todetut neurologiset ja psykiatriset sairaudet olivat merkittävimpiä 
syitä tutkimuksesta poissulkuun. Koko aineistossa tasamaalla kaatuminen oli vallitseva 
(52 %) vammautumismekanismi ja enemmistö kaatuneista oli iäkkäitä. Muihin 
vammautumismekanismeihin verrattuna tasamaalla kaatumisen seurauksena syntyi 
yhtä paljon kallonsisäisiä TT:lla todettavia vammamuutoksia. Tasamaalla kaatuneiden 
joukossa ikääntyminen, pitkäaikainen alkoholin käyttö sekä kaatuneena löytyminen 
lisäsivät kallonsisäinen vamman riskiä. Retrogradinen amnesia ja perinteiset lievän 
aivovamman diagnostiset kriteerit eivät olleet yhteydessä vamman toiminnalliseen 
toipumisennusteeseen tai neuroradiologisiin löydöksiin. SCAT2-osatestien validi-
teettia tarkasteltiin viidestä eri näkökulmasta. Osatestien validiteetti oli vaihtelevaa. 
Standardized Assessment of Concussion (SAC) -osatesti (ns. kognitiivinen seulon-
tatutkimus) erotteli aivovammapotilaat verrokeista. SAC-testitulos oli yhteydessä 
traumaattisiin MK-löydöksiin, parani kuukauden kuluttua vammasta, ja ennusti 
työhön paluuajankohtaa. SCAT2:n oirekysely erotteli aivovammapotilaat verrokeista, 
sekä ennusti pitkittynyttä oireilua kuukauden kuluttua vammasta.  

Valikoiduilla tutkimusaineistoilla saatuja tuloksia ei voida suoraan soveltaa 
kliiniseen käyttöön lievän aivovamman saaneiden potilaiden hoidossa. Tasamaalla 
kaatumista ei tulisi väheksyä aivovamman aikaan saavana vammamekanismina. 
Tasamaalla kaatumiset ovat yleisiä erityisesti iäkkäämmillä henkilöillä, joita usein 
suljetaan pois lieviä aivovammoja käsittelevistä tutkimuksista. Retrogradisen am-
nesian ja klassisten aivovammakriteerien kliininen merkitys lienee vähäinen, kun 
arvioidaan lievän aivovamman saaneen potilaan toiminnallista toipumista sekä aivojen 
kuvantamisen tarvetta. SCAT2-työkalun osatesteistä oirekysely ja SAC ovat erityisen 
hyödyllisiä lievään aivovammaan liitettävien oireiden ja kognitiivisten poikkeavuuk-
sien tunnistamisessa, ennusteen määrittämisessä, sekä toipumisen seurannassa.
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5 INTRODUCTION

Traumatic brain injury (TBI) is a significant public health problem with an annual 
incidence of 100-300 per 100,000 adults (Leibson et al. 2011, Tagliaferri et al. 
2006). Mild traumatic brain injuries (MTBI) constitute 70-90 % of these injuries. 
Population-based surveys of self-reported head injury (HI) show significantly higher 
injury rates. It is estimated that true rates of MTBI are even above 600/100,000 
(Feigin et al. 2013, Numminen 2011, Cassidy et al. 2004, Koskinen, Alaranta 2008). 
Patients with MTBI are seen in different areas of the health care system. A substan-
tial portion of patients with MTBIs is treated in emergency departments (ED) and 
MTBI causes a considerable number of hospital admissions. Many patients with 
MTBIs are assessed and treated in outpatient clinics, family practice offices, or not 
at all (Sosin, Sniezek & Thurman 1996).

Key points in the acute management of MTBI are (i) injury identification; (ii) 
exclusion of more severe, even life-threatening, intracranial injuries; and (iii) early 
identification of individuals at risk for prolonged recovery (Haydel 2012, Holm 
et al. 2005, Carroll et al. 2004b). Clinical signs following an acute MTBI can be 
subtle and difficult to identify (Menon et al. 2010, Rees 2003, Powell et al. 2008). 
The traditional diagnostic criteria for MTBI consist of: (i) loss of consciousness, 
(ii) amnesia, (iii) confusion/disorientation, (iv) neurological abnormalities, and (v) 
Glasgow Coma Scale scores (Holm et al. 2005, Vos et al. 2002, Vos et al. 2012, Ruff 
et al. 2009, ACRM 1993, CDC 2003, DoD 2009). Although routinely used, most 
of these MTBI-related signs are subjective to assess and interpret in everyday clinical 
practice, let alone in a hectic emergency department setting. Possible comorbidities, 
psychological stress, and/or substance abuse can mask or mimic MTBI-induced 
neurological or cognitive impairment (Menon et al. 2010, Rees 2003, Ruff et al. 
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2009). Early identification of MTBI allows appropriate follow-up protocols to be 
initiated and carried out. This might facilitate better long-term recovery (Haydel 
2012, Ponsford et al. 2000, Ponsford et al. 2002, Ponsford et al. 2012, Silverberg, 
Iverson 2013).

On average 10-20% of patients evaluated in the ED following an MTBI have 
a traumatic intracranial lesion on an emergency head CT (Holm et al. 2005, Vos 
et al. 2012, Jagoda et al. 2008). Because head CT is considered the gold standard 
in the management of patients with acute HI, these CT-positive cases seldom go 
undiagnosed (Jagoda et al. 2008, Livingston et al. 2000). Furthermore, numerous 
international guidelines have been published to aid decision-making in emergency 
head CT imaging (Stiell et al. 2001, Haydel et al. 2000, Mower et al. 2005, Smits 
et al. 2007, National Collaborating Centre for Acute Care (UK) 2007). These 
guidelines help focus acute neuroimaging to patients with an increased probability 
of an intracranial lesion. As a disadvantage, the acute assessment of MTBI tends to 
be centered on CT imaging at the expense of thorough clinical interviewing and 
examination. A considerable number of CT-negative HIs are clear MTBIs (based 
on clinical criteria) that could be diagnostically missed. From an MTBI outcome 
perspective, the clinical signs and findings are more relevant modifiers than head CT 
findings (Iverson et al. 2013). For example reported post-concussion symptoms are 
not strongly associated with imaging abnormalities in the context of MTBI (Iverson 
et al. 2012). Premorbid health problems, acute symptoms, and cognitive impairment 
are associated with poorer long-term outcome following MTBI and therefore are 
useful to include in the clinical assessment performed in the ED.

The general aim of this thesis was to improve the clinical identification of acute 
MTBI among patients with minor HI admitted to an ED. Additional emphasis was 
on discovering clinical factors related to short-term and medium-term outcome.
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6 REVIEW OF THE LITERATURE
 

6.1 Definitions

In a broad sense, TBI is defined as an acute brain injury resulting from a traumatic, 
direct or indirect, biomechanical force to the head. To diagnose TBI, at least one of 
the following signs should be manifested as a direct consequence of the neurotrau-
ma: (i) loss of consciousness (LOC), (ii) loss of memory (=amnesia), (iii) alteration 
in mental status, and/or (iv) focal neurological deficits (Menon et al. 2010, Borg 
et al. 2004, McCrory et al. 2013, Harmon et al. 2013, Giza et al. 2013, Signoretti 
et al. 2011). 

6.2 Diagnostic Criteria for Mild Traumatic Brain Injury

Numerous international diagnostic criteria for MTBI have been published (Vos et 
al. 2012, ACRM 1993, CDC 2003, DoD 2009, McCrory et al. 2013, Harmon et 
al. 2013, Giza et al. 2013, Carroll et al. 2004a).The most prominent and widely 
cited criteria were developed by (i) the World Health Organization’s Collaborating 
Centre for Neurotrauma Task Force on MTBI (Carroll et al. 2004a) (hereafter 
abbreviated as WHO criteria), (ii) American Congress of Rehabilitation Medicine 
(ACRM) (ACRM 1993), (iii) European Federation of Neurological Societies (Vos 
et al. 2012) (EFNS), and (iv) Centers for Disease Control and Prevention (CDC) 
(CDC 2003). All these criteria are based on the four fundamental clinical signs 
that define MTBI: (i) any period of LOC, (ii) loss of memory for events preceding 
[retrograde amnesia (RA)] or following injury [post-traumatic amnesia (PTA)], (iii) 
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neurological deficits, and (iv) any alteration in mental state. Also, acute neuroim-
aging findings are considered. The specifics of these criteria are similar and only 
differ on some small details and emphasis (Pape et al. 2013). The aforementioned 
four criteria are summarized in Table 1. All the clinical MTBI signs are described 
in detail in the following sections. 

It is notable that in neurotrauma literature, MTBI is often referred to as con-
cussion. Concussion is typically used when the injured person is an athlete, whereas 
MTBI is more commonly used in American civilian and military studies. In addition, 
in European and other countries, the term commotio cerebri is sometimes used 
(McCrory et al. 2013). Concussion is now considered a TBI at the mildest end of 
the spectrum of injury. Recently, there has been an attempt to separate concussion 
as its own construct – a subcategory of MTBI (McCrory et al. 2013, Harmon et al. 
2013). There remains some debate about the distinction between these two terms 
(West, Marion 2013). In this thesis, the term concussion is used as a synonym for 
MTBI, and it is most often used in relation to describing results from sport-related 
injuries.

Table 1. Summary of the four most cited diagnostic criteria for MTBI.  

 WHO ACRM EFNS CDC

Post-traumatic amnesia <24h <24h <1h <24h

Loss of consciousness <30min <30min <30min <30min

GCS 13-15 13-15 13-15 13-15

Disorientation / Confusion Yes Yes N/A Yes

Transient Permanent 
or Transient No Yes (nature not noted)

Traumatic lesion on CT or MRI Yes or No Yes or No No Yes or No

Neurosurgical intervention No No No No

     
WHO=World Health Organization
ACRM=American Congress of Rehabilitation Medicine   
EFNS=European Federation of Neurological Societies
CDC=Centers for Disease Control and Prevention  
GCS=Glasgow Coma Scale, CT=Computed Tomography, MRI=Magnetic Reso-
nance Imaging  
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6.2.1 Glasgow Coma Scale

The Glasgow Coma Scale (GCS) is a clinical tool used in the assessment of the depth 
and duration of impaired consciousness and coma. The scale was developed and 
published by professors Teasdale and Jennett in 1974 (Teasdale, Jennett 1974). Ini-
tially, it was used for patients with HI, but today it is widely used in variable medical 
conditions, where the level of consciousness is altered. GCS includes three aspects 
of behavior: (i) eye opening, (ii) verbal performance, and (iii) motor responsiveness. 
Each of these three aspects is individually graded according to the best response. 
Table 2 shows the structure of the GCS. In a HI context, a GCS score of 13 to 15 
points after 30 minutes is consistent with an MTBI (Vos et al. 2012, ACRM 1993, 
CDC 2003, DoD 2009, Carroll et al. 2004a). The original GCS was a 14-point 
scale, omitting the category of “abnormal flexion”. Nowadays, the 15-point scale 
(Table 2) is generally accepted and routinely used globally. 

Table 2. The structure and scoring of the Glasgow Coma Scale (Teasdale, Jennett 1974). 

Behavior Best response Score

Eye opening (E) Spontaneous 4
To speech 3
To pain 2
None 1

Verbal response (V) Orientated 5
Confused 4
Inappropriate 3
Incomprehensible 2
None 1

Motor response (M) Obeys command 6
Localizing pain 5
Flexion withdrawal 4

3
Extension response (decerebrate) 2

 None 1

Total score Sum of best responses (E+V+M) 3 - 15
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6.2.2 Loss of Consciousness

LOC is defined as the period of unresponsiveness that follows immediately after 
injury (Ruff et al. 2009, Blyth, Bazarian 2010). Several hypothetical cellular mech-
anisms have been proposed for the alteration of consciousness that occurs with 
MTBI. These include the reticular, pontine-cholinergic system, centripetal, and 
convulsive hypotheses (Blyth, Bazarian 2010). LOC is believed to occur as a result 
of the cellular dysfunction of one or more components of the ascending reticular 
activating system, which is found in the central pons, midbrain, hypothalamus, and 
thalamus (Ommaya, Gennarelli 1974, Olson, Graffagnino 2005). Trauma-induced 
acceleration and deceleration forces stretch neural tracts causing sudden disruption 
of normal function. A Glasgow Coma Scale (GCS) score of eight or less is generally 
recognized to indicate LOC (Teasdale, Jennett 1974). In MTBI, the maximum 
duration of LOC is 30 minutes (Carroll et al. 2004a), although LOC beyond a few 
minutes is very uncommon in MTBI.

  
6.2.3 Post-traumatic Amnesia

PTA is a transient state of confusion, disorientation, and memory impairment 
initiated by a HI (Menon et al. 2010, Ruff et al. 2009). The pathophysiological 
mechanism and the clinical features of PTA are not well understood (Marshman 
et al. 2013). It is suggested that edema, direct injury, ischemia, and/or perfusion 
alterations in the temporal lobes and the hippocampus play a crucial role in PTA 
(Ahmed et al. 2000, Zola-Morgan, Squire & Amaral 1986, Metting et al. 2010).
The major and predominant features experienced during PTA are disorientation 
and anterograde amnesia that are possibly accompanied by confusion, behavioral 
disturbances, agitation, stupor, attention deficits, delirium, and retrograde amnesia 
(RA) (Marshman et al. 2013, Tittle, Burgess 2011). Traditionally, the duration of 
PTA is defined as the period between HI and the return of normally functioning 
continuous anterograde memory and orientation (Marshman et al. 2013, Jacobs et 
al. 2012). According to the majority of current diagnostic criteria for MTBI, brain 
injury is considered mild, if the duration of PTA is less than 24 hours (Carroll et 
al. 2004a).
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6.2.4 Confusion or Disorientation

The altered mental state of PTA encompasses confusion and loss of orientation, 
although in some operational MTBI criteria they are artificially separated from 
PTA (Tate, Pfaff & Jurjevic 2000, Tate et al. 2006). Confusion following MTBI 
can be described to have common characteristics of acute delirium (Marshman et al. 
2013). Defects in spatial, temporal, and rarely also personal orientation are common. 
Additionally, deficits in speech (e.g. meaningless and rambling) are seen (Tittle, 
Burgess 2011, Tate, Pfaff & Jurjevic 2000, Daniel, Crovitz & Weiner 1987, High, 
Levin & Gary 1990, Schnider, von Daniken & Gutbrod 1996). The mechanisms 
underlying disorientation are thought to be two-fold: (i) inability to store new in-
formation, and (ii) increased confusion of temporal memory traces from different 
events (Daniel, Crovitz & Weiner 1987, High, Levin & Gary 1990, Schnider, von 
Daniken & Gutbrod 1996, Chedru, Geschwind 1972). The anatomic counterparts 
of disorientation are believed to be in the medial orbitofrontal regions and basal 
forebrain (Schnider, von Daniken & Gutbrod 1996).

  
6.2.5 Focal Neurological Deficits

Following MTBI, focal neurological deficits of one or more of the following systems 
can be evident: vision, hearing, language, sensory, or motor functions (Haydel 2012, 
Ruff et al. 2009, Coello et al. 2010). The most frequent focal signs are post-traumatic 
seizures, anosmia/hyposmia, visual field deficits, diplopia, aphasia, and balance prob-
lems (Carroll et al. 2004a). Naturally, the manifested clinical signs are dependent 
on the anatomic location of the central nervous system (CNS) injury. 
 
 
6.2.6 Traumatic Intracranial Lesions

Numerous intracranial lesions can be caused by HI. These pathologies include pa-
renchymal hemorrhage, diffuse axonal injury (DAI), subdural hemorrhage (SDH), 
epidural hemorrhage (EDH), subarachnoid hemorrhage (SAH), intraventricular 
hemorrhage, contusion, and cerebral edema. Intracranial injuries are often associated 
with skull and facial bone fractures (Coles 2007). Different diagnostic criteria for 
MTBI are inconsistent on the presence of traumatic neuroimaging findings (Table 1). 
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6.3 Epidemiology

In developed countries, the annual incidence of TBI varies between 47 to 618 
per 100,000 (Leibson et al. 2011, Feigin et al. 2013, Cassidy et al. 2004, Koski-
nen, Alaranta 2008, Thurman et al. 1999, Perez et al. 2012, Rickels, von Wild & 
Wenzlaff 2010). In Finland, the annual incidence of TBI is around 101 to 221 per 
100,000 (Koskinen, Alaranta 2008, Numminen 2011). The main reasons for these 
considerably large variations are the differences in the methods of case ascertain-
ment and the diagnostic criteria applied in each study. However, these numbers 
are mainly confined to hospitalized TBI patients (Numminen 2011, Cassidy et al. 
2004). Accurate population-based incidence rates are more challenging to obtain 
and therefore fewer of these studies have been conducted (Feigin et al. 2013). With 
regards to epidemiological studies, it is notable that up to 25% of those reporting 
a TBI do not seek medical care (Sosin, Sniezek & Thurman 1996).

Of all the treated TBIs, 70-90% are graded mild. The annual incidence of MTBI 
was in the range of 100–600 per 100,000 in a systematic review conducted by the 
WHO Collaborating Centre Task Force on MTBI (Cassidy et al. 2004). MTBI is 
more common in teenagers and young adults and there is also a male predominance 
(about two-fold compared to women). The most frequent causes of MTBI are falls 
and motor-vehicle accidents (Feigin et al. 2013, Cassidy et al. 2004).With regard 
to the prevention of MTBI, the only strong evidence is in the use of helmets in 
motorcycling and bicycling (Cassidy et al. 2004).

A ground-level fall (GLF) is a common cause of TBI, especially among the elderly 
(Helling et al. 1999). Patients injured in GLFs are often not seen by trauma services 
unless injuries other than an isolated head injury are discovered. Similarly, falls from 
up to 20 feet are sometimes considered mild injuries unless obvious orthopedic or 
neurological injuries occur (Helling et al. 1999). However, it has been shown that 
even a low-energy trauma may cause significant injuries, especially intracranially 
(Helling et al. 1999, Sarani et al. 2009, Velmahos et al. 2001, Thomas et al. 2008, 
Spaniolas et al. 2010).

The clear majority of patients with a MTBI have a good outcome. In the acute 
phase of the injury, the probability of developing a life-threatening intracranial he-
matoma requiring immediate neurosurgical intervention is considered minor (1% 
of all cases) (af Geijerstam, Britton 2003) and the overall mortality rate is about 
0.1%. Persistent symptoms lasting several months, even years, occur in 5-15% of 
MTBI patients (Iverson et al. 2013). 
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6.4 Pathophysiology

The primary pathophysiological process, the neurometabolic cascade (Figure 1), 
underlying MTBI is thought to be initiated by the biomechanical stretching and 
disruption of neuronal and axonal cell membranes. This multifaceted chain of events 
disturbs the neurochemical homeostasis causing abnormal, or at least suboptimal, 
brain function (Blennow, Hardy & Zetterberg 2012, Giza, Hovda 2001, Bark-
houdarian, Hovda & Giza 2011, Prins et al. 2013). In the majority of MTBIs, the 
changes appear to be functional, not structural. Thus, conventional neuroimaging 
seldom reveals structural brain damage. Depending on the nature of the force and 
direction of the head insult, MTBI neuropathology spans a wide spectrum from 
transient ionic imbalance to DAI and eventually focal lesions (Taber, Hurley 2013). 

In MTBI, sudden neuronal stretch causes defects in the cellular membrane (Fig-
ure 2) (Farkas, Lifshitz & Povlishock 2006). Subsequently, an indiscriminate flux of 
ions, including an influx of calcium and efflux of potassium, occurs (Katayama et al. 
1990). These events increase the release of excitatory neurotransmitters, particularly 
excitatory amino acids (e.g., glutamate). Binding glutamate to N-methyl-D-aspartate 
receptors results in advanced depolarization, ultimately causing an influx of calcium 
ions (Faden et al. 1989). Ionic cellular derangement compromises neuronal glucose 
metabolism (Katayama et al. 1990, Kawamata et al. 1992). Simultaneously, cells 
try to restore ionic balance by increasing membrane pump activity. Overall glucose 
consumption is increased, depleting energy stores, and causing calcium influx into 
mitochondria (Yoshino et al. 1991). Impaired oxidative metabolism, anaerobic 
glycolysis with lactate production, and reactive oxygen species result in acidosis 
and edema.

The more detailed pathophysiological alterations of MTBI are outside the scope 
of this thesis (Signoretti et al. 2011, Blennow, Hardy & Zetterberg 2012, Giza, 
Hovda 2001, Barkhoudarian, Hovda & Giza 2011).
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Figure 1. Neurometabolic cascade following experimental traumatic brain injury. 
K+ = intracellular potassium; Ca2+ = intracellular calcium; 
CMRgluc
(Copyright ©, Robert C. Cantu. Used with permission)

Figure 2. Molecular pathophysiology of traumatic brain injury (Adapted with permission 
from: Blennow, Hardy & Zetterberg 2012). 
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6.5 Acute Clinical Assessment

In an emergency setting, the assessment of MTBI should embrace a multifaceted 
approach (Figure 3). This approach increases the likelihood of identifying the 
injury, improves diagnostic accuracy, helps decision-making in CT-imaging, and 
assists in outcome assessment. In turn, this minimizes excessive costs by clarifying 
and expediting ED discharge policies and reducing unnecessary diagnostic testing 
(Haydel 2012, Holm et al. 2005, Menon et al. 2010, Powell et al. 2008, Vos et al. 
2012, Jagoda et al. 2008, McCrea et al. 2009, Jagoda 2010). Numerous pre- and 
post-injury factors can distort, mimic, and/or mask the signs and symptoms of 
MTBI and therefore affect the individual clinical presentation of the injury. These 
factors also play a crucial role in recovery (Ponsford et al. 2000, Iverson et al. 2013, 
Gould et al. 2011, Meares et al. 2011).

Structured assessment tools can be used in the emergency evaluation of patients 
with MTBI to aid clinical decision-making. Such tools give objectivity, quantify 
injury-related clinical signs, and standardize the assessment. Numerous tools, that 
are potentially applicable in the ED, have been primarily developed for the sport-
ing venue (Kutcher et al. 2013, McCrea et al. 2013, Putukian et al. 2013). These 
objective assessment tools, such as the Sport Concussion Assessment Tool (SCAT), 
(McCrory et al. 2013, Aubry et al. 2002, McCrory et al. 2005, McCrory et al. 
2009) aim to capture the wide spectrum of clinical signs and symptoms, cognitive 
dysfunction, and physical deficits induced by acute MTBI. The SCAT (editions 2 
and 3) includes subcomponents that assess post-concussion symptoms, neurocogni-
tive functioning and postural stability (McCrory et al. 2013, McCrory et al. 2009). 
Aside from the SCAT, the Concussion Symptom Inventory (Randolph et al. 2009), 
the Sport-Concussion Scale (Lovell, Collins 1998), the Immediate Postconcussion 
Assessment and Cognitive Testing (ImPACT) (Lovell, Collins 1998), the Automat-
ed Neuropsychological Assessment Metric (ANAM) (Levinson, Reeves 1997), the 
CogSport/Axon (Collie et al. 2003), the Standardized Assessment of Concussion 
(SAC) (McCrea et al. 1997), the Balance Error Scoring System (BESS) (Riemann, 
Guskiewicz 2000), and the King-Devick test (Oride et al. 1986), are other examples 
of day of injury assessment tools. 

In the military setting, the Military Acute Concussion Evaluation (MACE) 
(French et al. 2008) has been used to assist with the initial diagnosis of MTBI and, 
to some degree, to help with making return to duty determinations in theater. The 
MACE is mainly founded on the SAC.
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To date, the aforementioned tools have been mainly studied in sports. The SCAT 
(its most recent third version) is considered as the gold standard in the assessment 
of acute sport-related concussion and is most widely used (McCrory et al. 2013, 
Harmon et al. 2013, Giza et al. 2013). However, no studies have been published 
on the SCAT being used in the ED. Therefore, we wanted to examine the utility of 
the SCAT in the ED in a civilian sample. 

Figure 3. Multifaceted approach to the emergency assessment of mild traumatic brain injury. 
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6.5.1 Medical History

In the ED, the relevant medical history should be integrated into the overall eval-
uation of a patient with MTBI. A review of relevant medical records and a clinical 
interview are crucial. Health history, especially diagnosed medical conditions and 
regular daily medication, has an important role in the management of HI patients 
for three reasons. First, it might modify the clinical features of acute MTBI, and 
thereby hinder the recognition and evaluation of the injury (Haydel 2012, Menon 
et al. 2010, Ruff et al. 2009, Jagoda 2010). Second, certain medication (e.g., antico-
agulants), medical conditions (e.g., hemophilia) and interventions (e.g., ventricular 
shunt) increase the risk of developing an intracranial hemorrhage (National Collab-
orating Centre for Acute Care (UK) 2007, Unden et al. 2013). Third, premorbid 
health, particularly mental health, serves as a strong moderator of MTBI outcome 
(Ponsford et al. 2000, Gould et al. 2011, Ponsford et al. 2011, Silverberg, Iverson 
2011, Lange, Iverson & Rose 2011).The significance of health history in relation 
to MTBI outcome will be more comprehensively discussed in the outcome section 
(see section 6.6).

Psychiatric and neurological conditions and diseases can have symptoms and 
signs that resemble acute and post-acute MTBI (Menon et al. 2010, Ruff et al. 
2009). For example affective (e.g., depression and fatigue), and stress-related (e.g., 
anxiety and irritability) symptoms are typically expressed by patients with acute 
MTBI, especially within the first few days following injury. It is difficult, even with 
thorough health history at hand, to discriminate acute post-MTBI symptoms from 
underlying mental disorders (Reuben et al. 2013, Iverson, Lange 2003, King 1996). 
Short-term and long-term alcohol and substance abuse should also be considered 
because they complicate injury recognition and outcome, and increase the likelihood 
of cerebral bleeds (Haydel et al. 2000). A large number of concurrent neurological 
diseases can mask the acute signs of MTBI. Degenerative neurological diseases such 
as Alzheimer’s disease can cause memory problems that are commonly seen in the 
ED after an MTBI (Markowitsch, Staniloiu 2012). Epileptic seizures can be a cause 
or a consequence of an MTBI (Welch, Derry 2013). Postictal mental state can be 
misinterpreted as a manifestation of MTBI. Additionally, prior HIs should be noted 
as possible confounding factors in the ED assessment in that they might put some 
people at risk for worse outcome (Killam, Cautin & Santucci 2005, Silverberg et 
al. 2013, Dams-O’Connor et al. 2013). CNS medication such as anxiolytics (e.g., 
benzodiazepines), analgesics (e.g., opioids), and antiemetics (e.g., dopamine an-
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tagonists) can have an effect on MTBI symptomology and cognitive functioning 
(Hurlemann et al. 2007, O’Boyle 1988, Walker, Zacny 1998). 

Orthopedically injured patients even without head trauma endorse similar 
post-concussion-like symptoms as MTBI patients (Meares et al. 2011, Meares et 
al. 2008). The diagnosis of acute PCS is not specific to MTBI and the types of 
PCS symptoms endorsed by non-head trauma patients do not significantly differ 
from MTBI (Meares et al. 2008). Therefore, the role of concurrent extracranial 
injuries should be acknowledged when assessing MTBI patients. In contrast, there 
is a possibility that polytrauma patients without clinically significant HI, are falsely 
diagnosed with an MTBI based on the symptoms they endorse acutely.     

Anticoagulants and anti-platelets are acknowledged risk factors for post-traumat-
ic intracranial hemorrhage and therefore should be routinely taken into account in the 
acute assessment of MTBI. Also, with regard to intracranial bleeding, a ventricular 
shunt and coagulation disorders are recognized risk factors (Unden et al. 2013). 

 
6.5.2 Injury-related Information

By interviewing the patient, possible eyewitnesses, and ambulance personnel, the 
treating physician forms an overall picture of the injury event. The main emphasis 
is on (i) the mechanism of injury and the mechanical forces directed to the head, 
and also (ii) the clinical signs following immediately after the injury. Ambulance 
records should also be utilized in the collection of relevant injury-related information. 

At the starting point of the ED assessment of MTBI, the potential for a signif-
icant intracranial injury is estimated in relation to the injury mechanics. In terms 
of energy, is there a possibility of an MTBI? Direct or indirect HI causes linear and 
rotational acceleration/deceleration of the brain tissue (Meaney, Smith 2011). The 
extent and severity of brain damage is dependent on the direction and duration of 
injury forces. With regard to rotational acceleration and MTBI, injury threshold 
values ranging from 4,500 to 12,500 rad/s2 have been reported (Signoretti et al. 
2011). For instance, in a GLF, which is sometimes falsely considered as a trivial 
mechanism of HI, these aforementioned threshold acceleration values are often 
exceeded. While in some more dramatic events (e.g., an object striking the head) 
the injury velocities can be low. 

Immediately after injury, the presence and duration of possible LOC is impor-
tant to document because it facilitates TBI severity grading. Reliable estimates of 
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LOC are based on eyewitnesses (Ruff et al. 2009). Patients often mistakenly report 
a period of PTA as LOC, because they are unable to remember immediate events 
following the injury. For example, when interviewed in the ED or days later, the 
patient might say “I woke up in the Emergency Room” when, in fact, he/she was 
walking and talking at the scene of the accident and the ambulance crew recorded a 
GCS score of 14 or 15. Eye-witnessed convulsive events or seizures are also impor-
tant signs of abnormal brain functioning related to the injury. Alterations in level of 
consciousness are graded and monitored with the GCS by health care professionals. 
However, observations of the patient’s mental state made by witnesses at the site 
of injury are also valuable. In more severe accidents, the first GCS score is usually 
given by the paramedics at the injury scene. The scoring is periodically repeated 
during transportation and continued in the ED. The repetition of questions by the 
patient is a potential indicator of ongoing PTA and sometimes a sign of intracranial 
injury. Short periods of PTA have often ceased when the patient is first evaluated 
in the ED by a physician. Therefore, the duration of PTA is commonly estimated 
retrospectively. In this situation, eyewitness information is valuable because it gives 
details on the patient’s behavior and also a reference story for the chain of events 
following the injury (Ruff et al. 2009). 

6.5.3 Neurologic Examination

The neurologic evaluation of a patient with acute HI includes the level of conscious-
ness, mental status (especially cognition), acute symptoms, cranial and spinal nerves 
(motor and sensory function), reflexes, coordination, and balance. As stated earlier, 
head CT is an integral part of ED assessment of acute HI patients (Haydel 2012). 

The GCS is used to grade the level of consciousness and the severity of TBI 
(Teasdale, Jennett 1974, Teasdale, Jennett 1976). In TBI, GCS scores, particularly 
the motor component, have predictive value on long-term outcome (Compagnone 
et al. 2009, Hoffmann et al. 2012). Monitoring of consciousness is initiated at site 
of injury when applicable. After a HI, deterioration in the level of consciousness is 
a potential sign of a life-threatening intracranial lesion and indicates the need for 
an immediate initial, or in some cases repeated, head CT (Teasdale, Jennett 1974, 
Teasdale et al. 1990). According to numerous CT decision rules (Stiell et al. 2001, 
Haydel et al. 2000, National Collaborating Centre for Acute Care (UK) 2007, Unden 
et al. 2013, Stein et al. 2009), an emergency head CT is recommended for those with 
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a GCS score of 14 or lower. Unfortunately, the GCS has only moderate inter-rater 
reliability in pre- and in-hospital settings and the score seems to vary according 
to the professional profile of the health care provider (Zuercher et al. 2009). This 
variability is less with high GCS scores (Zuercher et al. 2009). Additionally, GCS 
scores can be confounded by drugs, alcohol (Lange et al. 2010), medications (e.g., 
sedatives), other injuries (e.g., systemic injuries, facial injuries), and pre-existing 
diseases (e.g., dementia) (Kanich et al. 2002).

The assessment of mental status after MTBI is focused on general behavior, 
mood, and cognitive functioning. During the initial evaluation, it can be difficult 
to determine if some of the symptoms and behaviors of the patient are due in whole 
or part to other factors, such as intoxication, acute pain, and/or acute traumatic 
stress (i.e., “emotional shock”). These factors can mimic, mask, or exacerbate MTBI 
symptoms acutely and post-acutely (Silverberg, Iverson 2011, Meares et al. 2006, 
Broomhall et al. 2009, Carlson et al. 2011, Williams, Potter & Ryland 2010).

Acute symptom evaluation is important for MTBI management. Symptom 
evaluation aids in MTBI recognition, CT decision-making, and outcome assessment 
(McCrory et al. 2013, Harmon et al. 2013, Giza et al. 2013, Lundin et al. 2006). 
Acute MTBI symptoms can be divided into four subcategories: (i) physical, (ii) 
cognitive, (iii) emotional, and (iv) sleep (Harmon et al. 2013). A list of the most 
common symptoms of MTBI is presented in Table 3. According to baseline versus 
post-injury studies in sports and clinical case-control trials, acute post-concussion 
symptoms discriminate brain-injured individuals from non-injured ones (McCrea 
et al. 2013, Broglio, Puetz 2008). These symptoms are not MTBI-specific, but the 
number and severity of symptoms endorsed are significantly higher in patients with 
MTBI (McLeod, Leach 2012, Alla et al. 2009). With regard to CT imaging, the 
likelihood of an acute traumatic intracranial lesion is increased when a patient is 
amnestic, vomits, and/or has a severe (and often worsening) headache (Vos et al. 
2012, Stiell et al. 2001, Haydel et al. 2000, Mower et al. 2005). Acute symptoms also 
have prognostic value for some patients. Reporting numerous PCS symptoms acute-
ly, especially symptoms related to psychological stress, is a risk factor for persistent 
post-concussion symptoms (Ponsford et al. 2000, Ponsford et al. 2012, Iverson et al. 
2013, Silverberg, Iverson 2011). A number of broad-range scales for the structured 
quantification of acute post-concussion symptoms have been developed (Alla et al. 
2009). Unfortunately, there is limited information on the psychometric properties 
and best-practice clinical use of these scales (McLeod, Leach 2012, Alla et al. 2009).
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Table 3. Signs and symptoms of MTBI (Reprinted with permission: Harmon et al. 2013).

Physical Cognitive Emotional Sleep

Headache Feeling mentally ‘foggy’ Irritable Drowsiness

Nausea Feeling slowed down Sadness Sleep more than usual

Vomiting More emotional Sleep less than usual

Balance problems Nervousness

Dizziness Forgetful of recent informa-
tion and conversations   

Visual problems Confused about recent 
events   

Fatigue Answers questions slowly   

Sensitivity to light Repeats questions   

Sensitivity to noise    

Numbness/tingling    

Dazed    

Stunned    

Testing of motor and sensory function as well as balance and coordination are a 
part of the hands-on examination. Focal neurological deficits can serve as objective 
signs of intracranial injury. Focal neurological abnormalities are associated with 
increased risk of acute traumatic lesions detectible with non-contrast CT (Vos et 
al. 2002, Mower et al. 2005, National Collaborating Centre for Acute Care (UK) 
2007). A normal neurological examination, however, does not exclude the possibility 
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of an intracranial abnormality (Vilke, Chan & Guss 2000). It is often advisable that 
all 12 cranial nerves  are examined, although in clinical practice this is not always 
relevant due to the nature and extent of the injury (Marion et al. 2011). The accurate 
examination of olfaction and hearing, for example, is quite laborious in the ED. 
Nonetheless, in one study of patients with minor HIs (GCS 14 or 15), a very high 
percentage (i.e., 78%) had acute single cranial nerve deficits (Coello et al. 2010). 
In this study, the incidence of traumatic CT findings was exceptionally high (80%), 
which mostly explains the frequency of nerve deficits. The most common cranial 
nerves injured after MTBI are I (anosmia/hyposmia), VII (corneal reflex and face 
muscle weakness), and VIII (vertigo and postural instability) (Haydel 2012, Coello 
et al. 2010). Furthermore, acute optic, oculomotor, and abducens injuries related 
to MTBI sometimes occur (Silva et al. 2012).With regard to oculomotor function, 
pupillary reflexes are serially monitored following severe TBI with impaired level of 
consciousness (Hoffmann et al. 2012). Patients with MTBI are usually fully alert 
and the pupillary abnormalities are most likely due to other etiologies (e.g., alcohol 
abuse, physiological anisocoria) (Haydel 2012). 

Coordination and balance testing is useful in detecting acute MTBI-related 
deficits. Formal neurological tests such as the finger-to-nose test, heel-to-shin test, 
and pronator drift can be used time-effectively to detect motor lesions; however, 
these tests have only moderate reliability (Anderson et al. 2005, Teitelbaum, Eliasziw 
& Garner 2002, Sullivan et al. 2012). Abnormalities on the aforementioned tests 
are usually not apparent following MTBI. In contrast, postural stability testing 
has a well-established role in the management of MTBI, especially sport-related 
MTBI (McCrory et al. 2013, Harmon et al. 2013, Giza et al. 2013, Guskiewicz 
2011, Chandrasekhar 2013). Balance assessment, whether through the use of more 
sophisticated techniques (e.g., force plate) or clinical balance tests, such as the BESS 
(Riemann, Guskiewicz 2000), are useful in identifying acute neurologic impairment 
following MTBI. In many cases, this impairment lasts only a few hours or days after 
injury; however, in a small number of cases in which there are lingering vestibular 
issues, the deficits can last significantly longer (McCrory et al. 2013, Harmon et al. 
2013, Giza et al. 2013, Guskiewicz 2011). The modified BESS (M-BESS) is part 
of the aforementioned SCAT (editions 2 to 3)(McCrory et al. 2013, McCrory et al. 
2009). The SCAT – Second Edition (SCAT2) is presented as Appendix 1.
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6.5.3.1 Cognitive Evaluation

Cognitive deficits are common during the initial hours and days following MTBI 
(McCrea 2001, Peterson et al. 2009), especially difficulties with concentration, mem-
ory, and speed of information processing (Haydel 2012, Borg et al. 2004, Peterson 
et al. 2009, Sheedy et al. 2009, Naunheim, Matero & Fucetola 2008). Traditionally, 
acute and short-lived memory loss, more precisely PTA, has been considered the 
most indicative sign of TBI-induced neurocognitive dysfunction. 

Despite the lack of a consistent definition, PTA duration is widely used as a 
construct to guide numerous aspects of decision-making and prognostic assessment 
(Marshman et al. 2013, Ahmed et al. 2000, Tate, Pfaff & Jurjevic 2000, Konigs, 
de Kieviet & Oosterlaan 2012, Nakase-Richardson et al. 2011, Wilde et al. 2006, 
Greenwood 1997). Orientation and anterograde memory are PTA features that are 
most predominantly taken into account. 

Retrograde memory impairment (retrograde amnesia, RA) has received little 
attention in MTBI literature (Sellal et al. 2002, Whiting, Hamm 2008). In con-
trast, RA has been more widely examined in moderate to severe TBI (Ouellet et 
al. 2008, Kopelman, Stanhope & Kingsley 1999, Kapur et al. 1992, Markowitsch 
et al. 1993, Kopelman 2000, Kopelman et al. 2007, Levin et al. 1985, Hunkin et 
al. 1995). The quite unanimous conclusion from these reports has been that the 
clinical importance of RA is minor. This possibly partly explains the lack of recent 
RA-focused MTBI studies. Another, maybe a more crucial, drawback is that a valid 
and reliable method for measuring the duration of RA is missing. Nevertheless, the 
assessment of RA is routinely included in the management of patients with head 
injury (CDC 2003, Stiell et al. 2001, McMillan 2009, NICE 2014). Usually, the 
applied assessment method is a trivial interview of events preceding the injury. 
There is considerable doubt that the true duration of TBI-induced RA can be even 
estimated reliably. This task seems difficult or even impossible. If one attempts to 
interview persons with TBI early after injury, how can the assessor know whether 
the apparent last memory before the injury reflects confusion in the patient rather 
than true memory impairment? Furthermore, attempts to interview persons with 
TBI late after injury can be confounded by a logical reconstruction of what might 
have occurred rather than what actually occurred.

Several tests have been developed to assess PTA, such as the Galveston Orienta-
tion and Amnesia Test (GOAT) (Levin, O’Donnell & Grossman 1979), the Oxford 
Post-traumatic Amnesia Scale (OPTAS) (Fortuny et al. 1980), and the Revised 
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Westmead Post-traumatic Amnesia Scale (RWPTAS) (Shores et al. 2008). These 
tools have been criticized as too centered on orientation and memory evaluation. 
It is proposed that additional focus should be placed on examining the confusion-
al component of PTA, and that the validity of PTA tests would be improved by 
measuring attention and behavior (Tate & Pfaff 2000). While some hospitals and 
centers use these instruments routinely, the most practiced PTA assessment method 
is probably the Rivermead PTA protocol or modified clinical applications of this 
(King et al. 1997). Although largely subjective, the Rivermead PTA protocol has 
reasonable reliability for monitoring the duration of amnesia in clinical practice (King 
et al. 1997). In the protocol, patients discuss the events before, during, and after 
the accident in a free-flowing and open-ended manner. Care is taken to distinguish 
between what the patient actually remembers versus what he or she has garnered 
from other sources (Ruff et al. 2009, King et al. 1997).

Cognitive assessment, of course, should not be confined to only PTA duration. 
Notably, 85% of MTBI subjects who experienced no LOC, PTA, or change in gross 
neurological status, exhibited measurable deficits in orientation, concentration, and 
memory function on standardized mental status testing immediately after injury 
(McCrea et al. 2002). Specialized neurocognitive assessment may detect these 
deficits (McCrea et al. 1997, McCrea et al. 2002). Comprehensive conventional 
neurocognitive testing in the ED setting is not feasible, or even desirable. Thus, 
compact, easy to administer, test batteries are more appropriate and can be integrated 
into clinical practice. To date, the SAC (McCrea et al. 1997) is the only cognitive 
assessment tool that has shown evidence of diagnostic utility in acute civilian MT-
BI (Naunheim, Matero & Fucetola 2008, Grubenhoff et al. 2010). Most of the 
SAC literature is derived from studies on athletes, however (McCrory et al. 2013, 
Harmon et al. 2013, Giza et al. 2013, McCrory et al. 2009, McCrea et al. 1997). 
The SAC assesses four cognitive domains: (i) orientation to time, (ii) immediate 
memory, (iii) concentration, and (iv) delayed recall. Evaluation using the SAC takes 
approximately five minutes. Responses to each item on the SAC are dichotomous: 1 
point for each correct answer, 0 points for each incorrect answer. Lower scores on the 
SAC (possible range: 0–30 points) indicate greater cognitive impairment (McCrea 
et al. 1997, McCrea 2001, Grubenhoff et al. 2010). The SAC is part of the SCAT 
(editions 1 to 3) (McCrory et al. 2013, McCrory et al. 2005, McCrory et al. 2009).
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6.5.4 Additional Physical Examination

MTBI patients may have a variable amount of extracranial injuries, ranging from 
skin excoriations to orthopedic, thoracic, and abdominal injuries. These injuries are 
often accompanied by alcohol (Nash, Takarangi 2011) and drug (Vik et al. 2004) 
intoxication, which complicates the ED management and the identification of a 
possible MTBI. Injuries induce pain that has to be medicated. Moreover, pain (Ke-
ogh et al. 2013) and analgesics [e.g., opioids (Walker, Zacny 1998)] effect cognitive 
functioning and further hamper the clinical assessment of MTBI. Finally, antiemetics 
[e.g., metoclopramide (Schroeder et al. 1994)] for nausea and sedatives [e.g., ben-
zodiazepine (O’Boyle 1988)] for anxiety are typically administered to brain-injured 
patients and their cognitive effects have to be considered.   

Concurrent cervical spine injuries are common in MTBI. Fortunately, the 
majority of injuries are only distensions (Williams et al. 1992, Hills, Deane 1993, 
Soicher, Demetriades 1991, Michael, Guyot & Darmody 1989, Fujii, Faul & Sasser 
2013). Cervical spine fractures, as a possibly permanently disabling injury, are to be 
excluded with a proper physical examination. These injuries can be ruled out with 
high certainty when the patient has none of the five following signs: (i) focal neu-
rological deficits, (ii) midline spinal tenderness, (iii) altered level of consciousness, 
(iv) intoxication, and (v) distracting injury (Hoffman et al. 2000).

Clinical signs of skull fractures are considered as unconditional markers for the 
need of emergency head CT (Vos et al. 2002, Stiell et al. 2001, Haydel et al. 2000, 
Mower et al. 2005, National Collaborating Centre for Acute Care (UK) 2007, Unden 
et al. 2013). Hemotympanum, periorbital ecchymosis (Raccoon eyes), postauricular 
ecchymosis (Battle sign), cerebrospinal fluid rhinorrhea, and otorrhea are easily 
examinable signs of skull base fractures (Haydel 2012). Inevitably, depression of 
the skull demands acute CT-imaging.  

6.5.5 Neuroimaging

In the ED, head CT is the gold standard in the assessment of intracranial hemor-
rhage and skull fractures among head-injured patients. Magnetic resonance imaging 
(MRI) is more sensitive than CT in the detection of intracranial lesions (Paterakis et 
al. 2000, Orrison et al. 1994, Brandstack et al. 2006). However, limited availability, 
high expenses, and long imaging times prevent its wider use in the acute setting. 
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Also, traumatic findings on conventional MRI lack consistent predictive value in 
regard to MTBI outcome. More developed and promising neuroimaging techniques 
(Shenton et al. 2012), such as diffusion tensor imaging (DTI) (Shenton et al. 2012, 
Niogi, Mukherjee 2010), single photon emission tomography (SPECT) (Davalos, 
Bennett 2002), positron emission tomography (PET) (Lin et al. 2012), magnetic 
resonance spectroscopy (MRS) (Gardner, Iverson & Stanwell 2013), and functional 
MRI (fMRI) (McDonald, Saykin & McAllister 2012) are used extensively in sci-
entific studies in the context of MTBI, but these have not been yet implemented 
as part of clinical care.   

6.5.5.1 Computed Tomography

Depending largely on the applied diagnostic criteria for acute MTBI, the incidence 
of CT-positive intracranial lesions varies between 0 to 39% in individual studies 
(Livingston et al. 1991, Stein, Ross 1992, Jeret et al. 1993, Moran et al. 1994, 
Borczuk 1995, Iverson et al. 2000, Thiruppathy, Muthukumar 2004, Stiell et al. 
2005, Ono et al. 2007, Saboori, Ahmadi & Farajzadegan 2007). Contusions, SAHs, 
and SDHs are the predominant CT-positive lesions seen in MTBI patients (Stiell 
et al. 2001, Haydel et al. 2000). During the last decade, numerous protocols have 
been developed and validated to guide decision-making for CT-imaging (Vos et 
al. 2002, Vos et al. 2012, Jagoda et al. 2008, Stiell et al. 2001, Haydel et al. 2000, 
Mower et al. 2005, Smits et al. 2007, National Collaborating Centre for Acute 
Care (UK) 2007, Unden et al. 2013, Ingebrigtsen, Romner & Kock-Jensen 2000). 
These guidelines reliably predict the need for possible neurological intervention and 
clinically important brain injury on CT. ED management as per these decision rules 
decreases the number of unnecessary head CT scans, enables effective use of health 
care resources, and reduces costs (Jagoda et al. 2008, Stein et al. 2009, Stiell et al. 
2005, Stein, Burnett & Glick 2006, Morton, Korley 2012). Among these guide-
lines, the most up to date one is the Scandinavian guidelines for initial management 
of minimal, mild, and moderate head injuries in adults. Figure 4 summarizes the 
central content of this guideline.
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Figure 4. Scandinavian guidelines for initial management of minimal, mild and moderate 
head injuries in adults (Reprinted with Open Data permission: Unden et al. 2013).
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6.5.5.2 Magnetic Resonance Imaging

The incidence of acute lesions detected with MRI in MTBI varies between 0 to 
43% across studies (Kurca, Sivak & Kucera 2006, Hughes et al. 2004, Hofman et 
al. 2001, Voller et al. 1999, Uchino et al. 2001, Mittl et al. 1994). The differing 
rates largely reflect the applied imaging sequences and criteria used for MTBI. Ad-
ditionally, due to spontaneous healing, conventional MRI loses some of its value in 
documenting possible intracranial damage within weeks after injury (Orrison et al. 
1994, Brandstack et al. 2006, Brandstack 2013, Provenzale 2007, Prabhu 2011). 
The wider use of conventional MRI has partly been limited by the conflicting results 
on the relationship between MRI-positive traumatic lesions and long-term outcome 
of MTBI (Brandstack 2013, Lee et al. 2008). According to the TBI Common Data 
Elements (Duhaime et al. 2010), the recommended MRI sequences at least include: 
(i) 3D T1-weighted, (ii) 3D T2-weighted, (iii) T2-weighted fast spin echo, (iv) 
T2-weighted fluid-attenuated inversion-recovery, (v) diffusion weighted echo planar 
imaging, (vi) 3D susceptibility weighted imaging, and (vii) 2D gradient-echo. The 
susceptibility weighted imaging sequence is the most sensitive in detecting the size, 
number, volume, and distribution of hemorrhagic lesions in DAI (Brandstack 2013). 

6.5.6 Blood-based Biomarkers of Brain Injury

The need for an objective, prognostic, and cost-efficient tools to recognize and grade 
TBI has been an impetus for the development and research of biomarkers. The goal 
has been to uncover either a single biomarker or a panel of markers to aid in the 
early detection and diagnosis, as well as to predict patient outcomes (Di Battista, 
Rhind & Baker 2013, Jeter et al. 2013, Mondello et al. 2013, Papa et al. 2008). 
Due to the more acceptable and ethical nature to acquire a sample, blood-based 
biomarkers are advantageous compared to cerebrospinal fluid markers. Numerous 
markers have been studied regarding their ability to diagnose MTBI, with only 
modest success (Di Battista, Rhind & Baker 2013). The most studied marker in 
TBI is serum protein 100B (S100B). It is a low affinity calcium binding protein 
primarily, but not specifically, expressed in glial cells and Schwann cells (Persson et 
al. 1987). Other widely published blood-based biomarkers include Neuron Specif-
ic Enolase (NSE), Ubiquitin Protein Hydrolase L1 (UCH-L1) and Myelin Basic 
Protein (MBP) (Di Battista, Rhind & Baker 2013). Currently, no widely accepted 
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peripheral blood biomarker for TBI exists (Di Battista, Rhind & Baker 2013). S100B 
is the sole marker that has gained ground in an MTBI management guideline [i.e., 
in one CT-imaging decision rule (see Figure 4) (Unden et al. 2013)]. Accordingly, 
unnecessary head CT scans can be prevented by using S100B in a subpopulation 
of patients with mild HI (Unden et al. 2013).

6.6 Outcome of Mild Traumatic Brain Injury 

The majority of individuals recover from an MTBI within days or weeks (Iverson 
et al. 2013, McHugh et al. 2006, Dean, O’Neill & Sterr 2012). When consider-
ing all people who sustain an MTBI, only 5-15% suffer from multiple persisting 
symptoms (e.g., headache, dizziness, fatigue, balance problems, sleep disturbance, 
memory problems, difficulty concentrating, and emotional changes) that last for 
several months (Ponsford et al. 2000, Iverson et al. 2013, Ruff 2005, Wood 2004). 
These symptoms can be associated with disability (Dams-O’Connor et al. 2013, 
McMahon et al. 2014) and increased use of health care services (Iverson et al. 2013). 
Patients, who are highly symptomatic at three months following injury, on average, 
remain so at one or more years post-injury, although individual recovery trajectories 
vary. Functional long-term problems following MTBI are usually multifactorial 
and various biopsychosocial factors play a role in the course of recovery (see Figure 
5) (Iverson et al. 2013, Silverberg, Iverson 2011). Numerous diverse factors can 
influence how people perceive and report their impairment after injury. It cannot 
be assumed that long-lasting symptoms are solely caused by MTBI or underlying 
MTBI-induced cerebral dysfunction. More often, poor outcome is related to several 
pre-existing and/or comorbid factors and rarely occurs without these confounders 
(Iverson et al. 2013). 
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Currently, two research criteria for PCS exist: (i) the Classification of Diseases 
10th edition (ICD-10)(Ashley 1990) and the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV). The ICD-10 PCS research criteria 
are presented in Table 4.  

Table 4. Post-concussion Syndrome (F07.2, research criteria from the ICD-10)

A. The general criteria of F07* must be met.

B. History of head trauma with LOC, preceding the onset of symptoms by a period of up to 4 weeks

1. Complaints of unpleasant sensations and pains, such as headache, dizziness, general malaise
    and excessive fatigue, or noise intolerance.

2. Emotional changes, such as irritability, emotional lability, both easily provoked or exacerbated by
    emotional excitement or stress, or some degree of depression and/or anxiety.

    memory complaints, without clear objective evidence of marked impairment.

4. Insomnia.

5. Reduced tolerance to alcohol.

6. Preoccupation with the aforementioned symptoms and fear of permanent brain damage, to the 
    extent of hypochondriacal overvalued ideas and adoption of a sick role.

  
*The general criteria for F07 - Personality and behavioral disorders due to brain disease, damage and 

1. Objective evidence and/or history of cerebral disease, damage, or dysfunction. 

behavior disorder that would justify its placement in section F6. 

Time to return to work (RTW) is an important functional outcome measure 
(Saltychev et al. 2013, Chang, Lombard & Greher 2011). Unsuccessful RTW can 
have profound negative economic and psychosocial consequences for the individ-
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ual. Although estimates of time to RTW vary dramatically across studies, it can be 
stated that the vast majority of patients RTW within the first few weeks or months 
post-injury (Stranjalis et al. 2004, Waljas et al. 2013, Wrightson, Gronwall 1981, 
Powell, Collin & Sutton 1996, Haboubi et al. 2001). Persistent PCS symptoms can be 
related to time to RTW (Stulemeijer et al. 2008, Nolin, Heroux 2006). Extracranial 
bodily injuries can also be associated with greater time off work (Waljas et al. 2013).

Early identification of patients at increased risk for persistent symptoms and/or 
prolonged time off work would be beneficial for targeted treatment and rehabilita-
tion. By correctly focused early counseling and treatment interventions, long-lasting 
symptoms and functional disability can be decreased (Ponsford et al. 2002, Iverson 
et al. 2013, Gravel et al. 2013, Snell et al. 2009). The early identification of MTBI 
patients with poor outcome has proven to be a difficult task (Carroll et al. 2004b). 
Several peri-injury risk factors (e.g., duration of PTA or LOC, low GCS scores, 
traumatic lesion on neuroimaging, cognitive deficits, concurrent bodily injuries, and 
psychological distress) have been proposed, but none of these have been consistently 
successful in prognostication studies. Counterintuitively, traditional TBI severity 
markers (GCS, PTA, LOC, and traumatic intracranial lesions) have poor prognostic 
value in MTBI outcome (Iverson et al. 2012, Hughes et al. 2004, Hofman et al. 
2001, Waljas et al. 2013, Nolin, Heroux 2006, Lange, Iverson & Franzen 2009, 
van der Naalt et al. 1999, Jacobs et al. 2010). High level of acute post-concussion 
symptom reporting has been associated with poor outcome (Ponsford et al. 2012, 
Meares et al. 2011, Lundin et al. 2006, Stulemeijer et al. 2008, McLean et al. 2009, 
Whittaker, Kemp & House 2007, Dischinger et al. 2009). Acute postural instability 
and cognitive deficits have been related to persistent PCS symptoms and delayed 
recovery in some people (Iverson et al. 2013, Sheedy et al. 2006). Apart from the 
acute clinical findings, the mechanism of injury influences recovery trajectories. For 
example individuals who have sustained an injury in sports recover more rapidly than 
patients injured in car accident. This can partly be explained by other bodily injuries 
and acute psychological distress associated with car accidents (Iverson et al. 2013).
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7 AIMS OF THE STUDY

The general aim was to improve the clinical identification of acute MTBI among 
patients with minor HI admitted to an ED. Additional emphasis was on discovering 
clinical factors related to short-term and medium-term outcome. The specific aims 
are listed below.

   1. To examine and highlight the detrimental effect of different study exclusion cri-

teria on patient enrolment, and the implications for generalizability, in an MTBI 

study (Study I).

   2. To comprehensively characterize and investigate individuals with TBI sustained in 

ground level falls (GLFs), with a focus on factors associated with acute traumatic 

CT findings (Study II).

   3. To comprehensively evaluate the validity and clinical utility of the Sport Con-

cussion Assessment Tool-Second Edition (SCAT2) in patients with MTBI in a 

civilian trauma setting by comparing MTBI patients to controls (Study III).

   4. To report the incidence, duration, and clinical correlates (including outcome 

measures) of retrograde amnesia (RA) in a sample of patients with acute MTBI 

(Study IV).
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8 MATERIALS

The author, Dr. Teemu Luoto, has been designing the study concept, and has also 
screened and recruited research patients. Additionally, he has clinically assessed all 
the enrolled MTBI patients at the ED and at the 1-month follow-up. Also, the 
control subjects were evaluated by him. 

8.1 Study Frame and Ethical Aspects

This thesis is part of a broader research program, the Tampere Traumatic Head and 
Brain Injury Study, which is an observational case-control follow-up study. This 
research program aims to identify factors affecting the long-term outcome of MTBI. 
The study group includes researchers from the areas of neuropsychology, neurology, 
neurosurgery, and neuroradiology. Participants (patients with MTBI and controls) 
were enrolled from the ED of the Tampere University Hospital between August 2010 
and July 2012. The ED provides health services for a joint municipal authority of 
22 municipalities (both urban and rural), with a total of approximately 470,000 
residents. The main objective was to examine a sample of working aged adults (18 to 
60 years) without pre-injury medical or mental health problems who had sustained 
an acute MTBI. In order to study a sample with as few outcome confounders as 
possible, the patient enrolment protocol included three inclusion criteria and nine 
exclusion criteria (see Table 5). These criteria were applied to patients with MTBI 
and controls (when applicable). Ethics approval for the study was obtained from 
the Ethical Committee of Pirkanmaa Hospital District, Finland, in the spring of 
2010 (codes: R10027 and R10069).
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8.2 Patients with Mild Traumatic Brain Injury

All consecutive patients who underwent head CT due to acute HI (n = 3,023) 
formed the initial patient pool for this study. Referral criteria for acute head CT 
were based on the Scandinavian guidelines for initial management of minimal, 
mild, and moderate head injuries (Ingebrigtsen, Romner & Kock-Jensen 2000). 
All consecutive patients undergoing head CT due to acute HI were screened with 
the aforementioned study criteria in order to enroll the MTBI sample. MTBI was 
defined according to the criteria proposed by the WHO Collaborating Centre for 
Neurotrauma Task Force on MTBI (Carroll et al. 2004a). The cumulative effect of 
the study criteria on the study sample size are presented in Figure 6. For the final 
enrolled sample of 75 (2.5%) patients, a detailed prospective data collection was 
conducted which included socio-demographics, injury-related data, and clinical 
information from the ED. Within two weeks from the injury, a brain MRI was 
performed (see section 9.3). Also, 2-week, 1-month, and 6-month follow-up as-
sessments were completed (see section 9.4). 

8.3 Controls

Control subjects were orthopedically-injured patients evaluated in the ED. All 
consecutive patients (n = 609) with ankle injury (bone fracture or distension) were 
screened for inclusion. Based on patient records, potential patients were contacted 
by telephone for recruitment within a few days post-injury. The same study criteria 
used with the MTBI sample were applied in the enrolment of the controls when 
applicable. Forty (n = 40) control subjects were enrolled in an age and sex stratified 
manner, with five men and five women in the following age groups: (i) 18-30 years, 
(ii) 31-40 years, (iii) 41-50 years and (iv) 51-60 years. The age stratification was 
performed as part of separate larger study to produce normative age group data for 
an MRI study (i.e., for DTI). All controls underwent a brain MRI with the same 
sequences as the MTBI sample within six months of their ankle injury. With con-
trols, all MRI findings were interpreted as normal. Following ankle injury, 2-week, 
1-month, and 6-month follow-up assessments were completed.
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Figure 6. The cumulative 
effect of study inclusion/
exclusion criteria on the 
sample size.

MTBI criteria

Age >18 or <60 years

Psychiatric problems

Neurological problems

>72h form injury to arrival

Psychoactive medication

Past TBI

Not a resident of hospital district

First language other than Finnish

Neurosurgery

Problems with hearing or vision

Declined to participate

2,077 (68.7%)

907 (30.0%)

465 (15.4%)

404 (13.4%)

320 (10.6%)

298 (9.9%)

242 (8.0%)

195 (6.5%)

180 (6.0%)

173 (5.7%)

172 (5.7%)

Enrolled MTBI
n = 75 (2.5%)
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8.4 Study Process

To give a proper overview, a flow chart of the study process of the patients with 
MTBI and controls is presented in Figure 7. Compared to the MTBI patients, a 
head CT, 1-month clinical assessment, and 6-month neuropsychological testing 
were not administered to the controls. 

Figure 7. Flow chart of the study process of the patients with MTBI (white) and the controls 

(gray).

*Controls were only interviewed at enrolment. Clinical assessment was performed separately within two 
years post-injury.
**Controls were imaged within six months post-injury.
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9 METHODS

9.1 Acute Clinical Assessment

A broad clinical assessment of the MTBI patients (n = 75) was performed at enrol-
ment in the ED when possible. If the patient was discharged from the ED before 
study assessment, a separate hospital visit was arranged as soon as possible following 
the discharge. The mean time interval between injury and acute clinical assessment 
was 48.1 hours [median (Md) = 41.0, standard deviation (SD) = 45.4, Range = 2.0 
– 241.0]. The assessment included a thorough interview of past health including diag-
nosed medical conditions, medication use, head injury history, alcohol consumption 
according to the Alcohol Use Disorders Identification Test (AUDIT) (Saunders et al. 
1993), and drug and narcotics abuse history. Medical (including psychiatric) condi-
tions were assessed according to the ICD-10 (Ashley 1990). Information on current 
medication at the time of injury was classified into 17 subgroups according to the 
Finnish Commercial Drug Catalog (Pharmaca Fennica, Pharmaceutical Information 
Centre Ltd, Helsinki, Finland), which is based on WHO’s Anatomical Therapeutic 
Chemical Classification System codes. Injury-related data consisted of time of in-
jury, mechanism of injury, and alcohol intoxication at the time of injury. Presence 
and duration of possible LOC and disorientation were evaluated using information 
given by eyewitnesses and ambulance personnel where available. The presence and 
duration of RA and PTA were assessed using the Rivermead PTA protocol together 
with the Galveston Orientation and Amnesia Test (GOAT) (Levin, O’Donnell & 
Grossman 1979). All the patients scored 80 points or greater on the GOAT. The 
Rivermead PTA protocol has reasonable reliability for monitoring the duration 
of amnesia in clinical practice (King et al. 1997). In the protocol, patients discuss 
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the events before, during, and after the accident in a free-flowing and open-ended 
manner. Care is taken to distinguish between what the patient actually remembers 
versus what he or she has garnered from other sources (Ruff et al. 2009). Unfor-
tunately, eye-witnesses or relatives were not interviewed to clarify which memories 
were truly experienced. Persistent PTA was screened using the Revised Westmead 
PTA scale (RWPTAS) (Shores et al. 1986) and all the patients scored a flawless 12 
points at the time of assessment. RA was defined as a memory gap between the 
patient’s recall of the last events before the accident and the injury itself (Ruff et al. 
2009). RA was recorded in minutes. GCS scores were collected from ambulance 
forms (if applicable) and the ED records (the lowest scores were recorded). The 
clinical assessment included the SCAT2 (Appendix 1) and the MACE (French et 
al. 2008) (Appendix 2). Additionally, a complete neurological examination (cranial 
and spinal nerves, coordination, balance, pronator drift, and diadochokinesis) was 
completed. Injury Severity Scores (ISS) (Baker et al. 1974) were gathered. Also, 
administration of opioid medication in the ambulance and/or ED was recorded. 
As part of routine treatment, four different opioids were used: oxycodone (n = 4), 
fentanyl (n = 1), codeine (n = 3), and alfentanyl (n = 14).

The SCAT2 consist of six sections: (i) Symptoms, (ii) Physical signs, (iii) 
GCS, (iv) M-BESS, (v) Coordination, and (vi) the SAC (McCrea et al. 1997). The 
Symptoms are measured with a 22-item post-concussion questionnaire, where all 
symptoms are graded from 0 to 6 in severity on a Likert-scale. LOC and balance 
problem/unsteadiness are considered as Physical Signs, which are graded as absent 
(=0) or present (=1). M-BESS is based on the original BESS (Riemann, Guskiewicz 
2000). In the M-BESS, postural stability is examined with a combination of three 
stances (narrow double leg stance; single leg stance; and tandem stance) on a hard 
surface. Coordination testing is performed as a simple finger-to-nose test. Detailed 
instructions on the administration and scoring of the SCAT2 components are pre-
sented in Appendix 1. 

The MACE consists of three sections: (i) history of possible injury signs (occur-
rence and duration of retrograde and anterograde amnesia, and LOC), (ii) symptoms 
(9 symptoms graded yes or no), and (iii) the SAC.

The SCAT2 and the MACE were administered to only 49 patients with MTBI 
because these instruments were added to the data collection protocol after six months 
of enrolment (in February 2011) as the research idea originated. Thirty-three (n 
= 33) controls were assessed with the SCAT2 and the MACE two years following 
their ankle injury in order to minimize the distorting effects of the injury on balance 
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testing. At this point, the control subjects’ history of HIs was updated and none 
of the control subjects had suffered a HI in the time between the ankle injury and 
SCAT2-MACE assessment. 

9.3 Neuroimaging

In the ED, a non-contrast head CT was performed with a 64-row CT scanner (GE, 
Lightspeed VCT, Waukesha, WI, USA) for all consecutive patients with HI. For 
the patients with MTBI (n = 75) and controls (n = 40), MRI of the brain was done 
with a 3 Tesla Siemens Trio (Siemens AG Medical Solutions, Erlangen, Germany). 
The MRI protocol included sagittal T1- weighted 3D IR prepared gradient echo, 
axial T2 turbo spin echo, conventional axial and high resolution sagittal FLAIR 
(fluid-attenuated inversion recovery), axial T2*, axial SWI (susceptibility weighted 
imaging), and DWI (diffusion weighted imaging) series. Head CT was performed 
in the ED within 72 hours and head MRIs were done within 14 days after injury. 
Mean time between injury and head CT was 11.4 hours (SD = 13.0, Md =5.8, 
Range = 1.0 – 60.0) and between injury and MRI 5.8 days (SD = 2.5, Md = 5.4, 
Range = 1.4 – 13.9). All head CT scans and MRIs were analyzed and systematically 
coded by two neuroradiologists. 

9.4 Follow-up Visits

Related to the broader research program, the patients with MTBI and controls were 
thoroughly evaluated at 2-week, 1-month and 6-month follow-up. The 2-week 
follow-up consisted of an internet questionnaire. On 1-month and 6-month out-
patient visits, a neuropsychological evaluation was performed. Additionally, the 
SCAT2 and the MACE were re-administered at a 1-month clinical follow-up visit 
performed by a physician. In this thesis, only PCS symptomology and the time to 
RTW were used as outcome variables. PCS symptoms were evaluated using the 
Rivermead Post-concussion Symptoms Questionnaire (RPQ) (King et al. 1995) and 
the symptom scale from the SCAT2 (previously described). The RPQ is a 16-item 
self-report questionnaire that measures the severity of common post-concussion 
symptoms on a 5-point Likert scale.
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The patients and controls filled out the RPQ as part of a larger internet-based 
questionnaire at two weeks (mean time between injury and questionnaire = 10.2 
days, SD = 3.1), one month (mean time between injury and questionnaire = 26.5 
days, SD = 9.3), and six months post-injury (mean time between injury and ques-
tionnaire = 185.5 days, SD = 11.3). If a reply to the questionnaire was not received, 
the RPQ was completed at an outpatient clinic follow-up visit (one and six months 
post-injury). The overall response rate was 82.7% (n = 62), 98.7% (n=74), and 
92.0% (n=69), respectively. With regard to outcome classification, participants were 
determined to have met ICD-10 diagnostic criteria (Table 4) for Post-concussion 
Syndrome (PCS) at follow-up if they endorsed symptoms on the RPQ in at least three 
of the ICD-10 symptom categories. The criteria consist of six symptom categories: 
(i) headaches, dizziness, general malaise, excessive fatigue, or noise intolerance; (ii) 
irritability, emotional lability, depression, or anxiety; (iii) subjective complaints of 
concentration or memory difficulty; (iv) insomnia; (v) reduced tolerance to alcohol; 
and (vi) preoccupation with these symptoms and fear of permanent brain damage. 
The first four symptom categories were attainable using the RPQ. The symptom 
categories were formed as follows: (i) headache, feelings of dizziness, noise sensitivity, 
and fatigue / tiring more easily; (ii) being irritable / easily angered, feeling depressed 
or tearful, and feeling frustrated or impatient; (iii) forgetfulness / poor memory, 
poor concentration, and taking longer to think; and (iv) sleep disturbance. Two 
thresholds of symptom endorsement were considered – mild or greater severity (2-4 
points) and moderate or greater severity (3-4 points); hereafter abbreviated as mild 
PCS and moderate PCS, respectively. Based on the RPQ, three additional outcome 
variables were constructed at all three follow-up points (2 weeks, 1 month, and 6 
months): (i) RPQ total score, (ii) the number of symptoms endorsed on the RPQ 
in mild or greater severity, and (iii) the number of symptoms endorsed on the RPQ 
in moderate or greater severity. 

Similarly, a separate PCS diagnosis variable was constructed using the 1-month 
SCAT2 Symptoms. The first four symptom categories in the ICD-10 PCS criteria 
were attainable using the SCAT2. The symptom categories were formed as follows: 
(i) headache, dizziness, sensitivity to noise, and fatigue / low energy; (ii) more emo-
tional, irritability, sadness, and nervous or anxious; (iii) difficulty concentrating or 
difficulty remembering; and (iv) trouble falling asleep. Two thresholds of symptom 
endorsement were considered – mild or greater severity and moderate or greater 
severity. Of the MTBI patients, 11 (22.9%) and 2 (4.2%) had PCS at one-month 
follow-up using these two definitions, respectively. 
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RTW was defined as the time point when sick leave ended and the patient re-
turned to normal work. The date of return was confirmed by interview on follow-up 
visits performed at 1 and 6 months post-injury. MTBI was the primary reason for 
time off work in 81.5% (n = 53), and an orthopedic injury in 18.5% (n = 12). Ten 
(13.3%) patients with MTBI did not take time off work following their injuries.

9.5 Statistical Analysis

SPSS 19.0 (SPSS Inc., Chicago, IL, USA) was used to perform all statistical analyses 
except for Receiver Operating Characteristic (ROC) curve comparisons, which were 
done with MedCalc (MedCalc 2013). Shapiro-Wilk and Kolmogorov-Smirnov 
tests were used to examine variable distributions. Kruskal-Wallis, Mann-Whitney 
U, and T-tests were computed for continuous variables, and Pearson’s Chi-square-
tests for categorical variables. Associations between two continuous variables were 
quantified by Pearson and Spearman correlations. Cohen’s d values were calculated 
to estimate effect sizes. Logistic regression models were used to predict dichotomous 
outcome variables. Functionality of the regression models were estimated by using 
Hosmer-Lemeshow p-values, Nagelkerke’s R Squares, model prediction probabilities, 
Link testing, and multicollinearity assessments. Variable discriminability between 
two groups was computed using ROC curves. Internal consistency reliabilities were 
assessed by Cronbach’s alpha values. The general statistical significance level was set 
to p < 0.05 for all analyses. Inflated type I error associated with multiple comparisons 
was controlled by employing a Bonferroni or Benjamini-Liu adjusted alpha level for 
each set of primary analyses addressing the same hypothesis (Bender, Lange 2001, 
Benjamini et al. 2001).
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10 SUMMARY OF THE RESULTS

10.1 Sample Characteristics

10.1.1 Screened Patients with Head Injury

The initial pool of screened patients consisted of 3,023 CT-scanned patients with 
HI. The mean age of this sample was 55.0 years (Md = 56.6, SD = 24.0, Range = 
0.3 - 103.8) and the majority were men (n = 1,705, 56.4%). In this sample, the 
most frequent mechanism of injury was a GLF (n = 1584, 52.4%). In addition, 
there were 337 (11.1%) falls from a height, 294 (9.7%) car accidents, 224 (7.4%) 
violence-associated accidents, 129 (4.3%) bicycle accidents, 69 (2.3%) sports-related 
accidents, 55 (1.8%) motorcycle accidents, 38 (1.3%) traffic accidents as a pedestri-
an, 34 (1.1%) moped accidents, and 187 (6.2%) other causes of injury (e.g., object 
striking the head). In 72 (2.4%) cases, the cause of injury was unknown. Of the 
whole cohort, 981 patients (32.5%) were admitted to a hospital ward after the ED 
visit and 1,227 (40.6%) were discharged home from the ED. Follow-up treatment 
at a local health center was required for 656 (21.7%) of the subjects and other health 
care facility (e.g., nursing home) for 91 (3.0%). Neurosurgical intervention was 
required for 192 (6.4%) patients. The mortality rate was 2.2% (n = 68).
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10.1.2 Ground-level Falls

The most common cause of injury in the screened sample was GLFs (54.2%). GLFs 
were elaborately examined in a cohort of HI patients (n = 575) screened during the 
first half year (Aug 2010 – Jan 2011) of the study. To characterize the GLF group 
in relation to other causes of injury, a statistical comparison was performed between 
these two groups. Statistically significant differences between subjects with GLFs and 
other causes of injury were seen in regard to age (p < 0.001), gender (p = 0.001), 
time interval between injury and CT scan (p < 0.001), time interval between ED 
admission and CT scan (p = 0.001), diagnosed chronic diseases (p < 0.001), use of 
regular medication (p < 0.001), location of direct head impact (p < 0.001), presence 
of LOC (p < 0.001), and presence of chronic lesions on CT scan (p < 0.001) (Table 
6). In addition, patients with GLF had fewer seizures (p = 0.004) and less amnesia 
(p = 0.001), but tended to be more often disoriented (p = 0.02, non-significant 
after Benjamini adjustment) than patients with other causes of TBI (Table 6). In 
general, acute CT abnormalities were equally common in patients with GLF as in 
those with other injury mechanisms (p = 0.705) (Study II).
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Ground-level 
falls

Other cause 
of injury p Whole sample No information

n=278 (48.3%) n=297 (51.7%) n=575 available
       
Age* 71 (15-96) 41 (11-94) <0.001 58 (11-96)

Gender 0.001
Male 48.2% (n=134) 62.3% (n=185) 55.5% (n=319)
Female 51.8% (n=144) 37.7% (n=112) 44.5% (n=256)

Time,injury - CT (h)* 7.4 (0.9-300.4) 2.5 (0.4-135.0) <0.001 4.0 (0.4-300.4) 213
Tim, ED admission - CT (h)* 1.0 (0.1-97.2) 0.8 (0.0-163.0) 0.001 0.9 (0.0-163.0)

Diagnosed chronic diseases 86.7% (n=241) 58.2% (n=173) <0.001 72.0% (n=414) 25
Regular medication 74.8% (n=208) 45.5% (n=135) <0.001 59.7% (n=343) 55
Chronic alcohol abuse 18.7% (n=52) 15.2% (n=45) 0.111 16.9% (n=97) 7
Chronic narcotic(s) abuse 3.2% (n=9) 4.4% (n=13) 0.476 3.8% (n=22)
Earlier brain injury 10.1% (n=28) 9.8% (n=29) 0.902 9.9% (n=57)
Location of direct head impact <0.001

Frontal 12.6% (n=35) 15.2% (n=45) 13.9% (n=80)
Right temporal 9.7% (n=27) 12.5% (n=37) 11.1% (n=64)
Left temporal 12.2% (n=34) 13.5% (n=40) 12.9% (n=74)
Right parietal 2.2% (n=6) 3.0% (n=9) 2.6% (n=15)
Left parietal 1.4% (n=4) 3.7% (n=11) 2.6% (n=15)
Occipital 34.9% (n=97) 15.2% (n=45) 24.7% (n=142)
Neck 0 % 1.3% (n=4) 0.7% (n=4)
Unknown 27.0% (n=75) 35.7% (n=106) 31.5% (n=181)

Alcohol intoxication 23.0% (n=64) 22.6% (n=67) 0.504 22.8% (n=131) 253
Narcotic(s) intoxication 0.4% (n=1) 1.0% (n=3) 0.162 0.7% (n=4) 362

GCS* 15 (3-15) 15 (3-15) 0.834 15 (3-15) 264
LOC 16.9% (n=47) 26.6% (n=79) <0.001 21.9% (n=127) 263
Seizure 3.6% (n=10) 5.4% (n=16) 0.004 4.5% (n=26) 334

Amnesia 21.9% (n=61) 30.0% (n=89) 0.001 26.1% (n=150) 282
Disorientation 32.4% (n=90) 21.2% (n=63) 0.020 26.6% (n=153) 171
Acute lesions on CT scan 21.6% (n=60) 22.9% (n=68) 0.705 22.3% (n=128)
Chronic lesions on CT scan 51.4% (n=143) 10.8% (n=32) <0.001 30.4% (n=175)
Cause of ground-level fall

Slip 6.8% (n=19)
Stumble 5.4% (n=15)
External force 2.2% (n=6)
Seizure 2.2% (n=6)
Found on the ground after 
head injury 11.9% (n=33)
Vertigo/collapse of unspeci-

10.1% (n=28)
Other cause of falling 61.5% (n=171)

       
* Median (Min-Max)Ta
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10.1.3 Enrolled Patients with Mild Traumatic Brain Injury

The final MTBI sample consisted of 75 patients who met all the study criteria after 
applying the inclusion and exclusion criteria listed in Table 5. For Study I, the sample 
of the first enrolment year (Aug 2010 – Jul 2011, n = 1,344) was examined. The 
cumulative effect of study criteria on the sample size in the screening process is shown 
in Figure 6. The number of patients with co-occurring exclusion criteria is presented 
in Table 7 (i.e., the frequency and percentage of subjects who meet more than one 
exclusion criteria). Of all patients screened (n = 1,344), 934 (69.5%) fulfilled the 
MTBI criteria, the rest having a more severe TBI (n = 108, 8.0%) or a head trauma 
without signs of brain injury (n = 302, 22.5%). In Study I, all the patients with 
MTBI were divided in two groups: excluded MTBI (n = 888) and final enrolled 
MTBI sample (n = 46). Statistical comparisons were performed between these two 
groups in relation to injury-related and clinical variables. Statistically significant 
differences were found in age, mechanism of injury, alcohol intoxication, narcotics 
intoxication, LOC, amnesia, and disorientation. No significant difference was evident 
in gender or acute head CT findings. Detailed results are shown in Table 8. Age, 
premorbid neurological, and premorbid psychiatric problems were the three most 
common reasons for exclusion in patients with MTBIs. Patients that did not meet 
the age criteria were significantly more likely to show disorientation (32.3% versus 
25.3%, p = 0.015) and traumatic CT findings (23.1% versus 17.7%, p = 0.015), 
but less likely to have LOC (18.1% versus 27.9%, p < 0.0001) or amnesia (20.5% 
versus 28.9%, p < 0.0001) than patients that met the age criteria. The patients with 
premorbid neurological problems had markedly lower incidence of amnesia (15.8% 
versus 27.1%, p < 0.0001) than those without premorbid neurological problems. 
The presence or absence of premorbid psychiatric disorders had no association to 
clinical MTBI signs. The results of the Study I can be extrapolated to the whole 
sample (Study I).
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Table 8.
              with permission).

   Excluded MTBI Final MTBI sample p 

 n = 888 n = 46  ____ 

Mean age, years (SD) 57.4 (24.6) 36.5 (12.4) < 0.0001 

Gender, % (n)  0.314 

 Male 55.4 (492) 47.8 (22)  

 Female 44.6 (396) 52.2 (24)  

Mechanism of injury, % (n) < 0.0001 

 Ground-level fall 56.9 (505) 13.0 (6) 

 Car accident 6.4 (57) 19.6 (9) 

 Motorcycle accident 1.7 (15) 2.2 (1) 

 Moped accident 0.9 (8) - 

 Pedestrian struck by vehicle 0.9 (8) - 

 Sports-related injury 2.4 (21) 15.2 (7) 

 Bicycle accident 4.5 (40) 13.0 (6) 

 Fall from a height 11.1 (99) 19.6 (9) 

 Violence 7.0 (62) 4.3 (2) 

 Other event 6.1 (54) 13.0 (6) 

 Unknown 2.1 (19) - 

Intoxication, % (n) 

 Alcohol 23.8 (211) 8.7 (4) < 0.0001 

 Narcotics 0.7 (6) - < 0.0001 

MTBI signs, % (n) 

 LOC 25.7 (228) 41.3 (19) 0.019 

 Amnesia 31.1 (276) 73.9 (34) < 0.0001 

 Disorientation 34.8 (309) 63.0 (29) < 0.0001 

 Acute traumatic lesion on head CT 20.8 (185) 10.9 (5) 0.102 
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Of the 75 enrolled patients with MTBI, 45 (60.0%) were men and 30 (40.0%) 
were women. Their mean age was 37.2 years (Md = 36.0, SD = 12.0, Range = 18.0 
- 60.0) and their average education was 14.2 years (Md = 14.0, SD = 3.1, Range = 
9.0 - 22.0). The mechanisms of injury were as follows: sports (n = 13, 17.3%), car 
accidents (n = 12, 16.0%), falls from a height (n = 12, 16.0%), bicycle accidents 
(n = 11, 14.7%), ground-level falls (n = 10, 13.3%), motorcycle accidents (n = 5, 
6.7%), violence-related injuries (n = 5, 6.7%), and other (e.g., object striking the 
head) (n = 7, 9.3%). Based on the injury circumstance or a clinical interview, 13 
(17.3%) patients were suspected of being under the influence of alcohol. A breath-
alyser test was administered to these patients in the ambulance and/or the ED as 
part of routine treatment. Ten of these patients were under the influence of alcohol 
at the time of injury. Most of the patients (n = 49; 65.3%) were transported by 
ambulance from the injury site to the ED. Of the enrolled patients, 22 patients 
(29.3%) were admitted to a hospital ward after the ED visit and 52 (69.3%) were 
discharged home from the ED. Follow-up treatment at a local health center was 
required for one (1.3%) subject. The clinical characteristics of the enrolled MTBI 
sample (n = 75) are summarized in Table 9 (Study IV).
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Table 9. Clinical characteristics of the enrolled MTBI sample (n = 75) (Study IV). 

Presence   n 
(%) Mean Md SD

Injury Severity Score 3.9 2.0 3.2

AUDIT 4.8 4.0 3.0

Galveston Orientation and Amnesia Test 94.9 95.0 5.2

Post-Traumatic Amnesia (h) 69 (92.0) 2.7 1.5 3.4

Retrograde Amnesia (min) 17 (22.7) 25.7 0 99.5

Loss of Consciousness (min)† 28 (37.3) 0.9 0 2.2

Glasgow Coma Scale, 15 points 69 (92.0)

Glasgow Coma Scale, 14 points 6 (8.0)

Acute traumatic lesion on CT* 7 (9.3)

Acute traumatic lesion on MRI 15 (20.0)

    Diffuse axonal injury 7 (9.3)

    Diffuse axonal injury and subdural hemorrhage 1 (1.3)

    Subdural hemorrhage 1 (1.3)

    Subdural effusion 1 (1.3)

    Subarachnoid hemorrhage 1 (1.3)

    Contusion and subdural hemorrhage 2 (2.7)

    Contusion 2 (2.7)

Acute opioid medication administered 22 (29.3)

Alcohol intoxication 10 (13.3)

†In 25 patients, the injury was not witnessed and therefore the presence of LOC was unverified. 
These cases were coded as not having LOC. 

* All traumatic lesions were also visible on MRI
AUDIT=Alcohol Use Disorders Identification Test
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10.2 Recognition of Mild Traumatic Brain Injury  

Among the enrolled MTBI patients (n = 75), the acute diagnosis of MTBI was 
based on one individual sign (LOC, PTA, disorientation, GCS<15, focal neurolog-
ical deficit or traumatic lesion on head CT) of the WHO criteria in nine (12.0%) 
subjects. None of these nine patients had an acute traumatic abnormality on CT. 
The majority (n = 34, 45.3%) of the patients presented with two signs; LOC, PTA, 
and disorientation being the most predominant signs. The concurrence of different 
MTBI signs is presented in Table 10.  

Table 10.

n (%) PTA+ Focal neurol. Disorientation+† GCS<15†
Traumatic 
lesion on 
CT+

LOC+* 28 (37.3%) 5 (6.7%) 16 (21.3%) 2 (2.7%) 4 (5.3%)

PTA+  14 (18.7%) 48 (64.0%) 6 (8.0%) 6 (8.0%)

Focal neurol.   11 (14.7%) 1 (1.3%) 1 (1.3%)

Disorientation+†    6 (8.0%) 4 (5.3%)

GCS<15†     1 (1.3%)

These cases were coded as not having LOC.   
    
† GCS scores of under 15 points were due to disorientation. The discrepancy between the rates of disorien-
tation  and GCS <15 is due to the difference in the time of assessment. The overall lowest GCS score was 
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10.3 Acute Assessment of the Effects of MTBI with the SCAT2

In Study III, five aspects of validity of the SCAT2 were explored by comparing the 
patients with MTBI to controls. Also, a head-to-head comparison of the SCAT2 
and the MACE was conducted. The SCAT2 and the MACE were administered to 
49 patients with MTBI and 33 controls (Study III).

Patients with MTBI reported a greater number of symptoms (Mann-Whit-
ney U = 290.0, p < 0.001, Cohen’s d = 1.17) and worse overall symptom severity 
(Mann-Whitney U = 1379.5, p < 0.001, d = 1.23) than controls. Patients also 
obtained lower scores on the SAC (Mann-Whitney U = 323, p < 0.001, d = 1.08). 
These group differences remained significant after simultaneously controlling for 
age and ISS (using ANCOVA). The two groups performed similarly on the M-BESS 
(Mann-Whitney U = 732.5, p = 0.148) and had comparable failure rates on the 
Coordination Exam [chi-square(1) = 1.74, p = 0.188]. For those variables that 
differed between the patient and control groups, we plotted ROC curves (Figure 
8) and calculated the area under the curve (AUC) values to explore their discrim-
inatory power. The AUC values for the Symptom Score, Symptom Severity, and 
SAC variables were 0.836, 0.854, and 0.759, respectively (all p < 0.001). Because 
Symptom Score and Symptom Severity are highly correlated and performed similarly 
but the former has more meaningful units (making odds ratios more interpretable, 
for example), it was retained for subsequent analyses (Study III).

The Symptom Score and SAC did not significantly correlate in the full (MT-
BIs and controls combined) sample [Spearman rho (77) = 0.187, p = 0.104] or the 
patient group [Spearman rho (44) = -0.112, p = 0.470], suggesting that they may 
have minimal multicollinearity in predicting group membership (MTBI versus 
control). When included in the same logistic regression model, Symptom Score (B 
= -0.285, p = 0.001) and SAC (B = -0.542, p = 0.001) both uniquely contributed 
to differentiating between patients and controls. However, the AUC achieved by 
this multivariable model (0.882, p < 0.001) was not significantly higher than the 
model with Symptom Score as the sole predictor, according to the Delong et al. 
method for testing AUC differences (Z = 1.41, p = 0.16) (DeLong, DeLong & 
Clarke-Pearson 1988). The classification accuracy of the Symptom Score and SAC at 
various cut-off scores is presented in Table 11. In examining the values in this table, 
it is apparent that considering the Symptom Score jointly with SAC substantially 
improves classification over the SAC alone (e.g., doubling sensitivity at the same 
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specificity level), while the SAC minimally improves the classification achieved by 
the Symptom Score alone (Study III).

Figure 8. Receiver Operating Characteristic curves for variables that differed between the 
patients with MTBI and controls (Study III, reprinted with permission).



 Clinical Assessment of  Acute Mild Traumatic Brain Injury –  67  

Table 11.
the SCAT2 Symptom Score, and MACE symptom score, alone and in combination (Study 
III, reprinted with permission).

50% 
Base Rate

80% 
Base Rate

Test/Cut-off score Sea Spb PPVc NPVd PPVc NPVd

Standardized Assessment of Concussion (SAC)
<27 71 70 0.70 0.71 0.80 0.38
<26 55 88 0.82 0.66 0.71 0.33
<25 34 94 0.85 0.59 0.59 0.26
<24 18 100 1.00 0.55 0.42 0.23
SCAT2 - Symptom Score*
<19 79 70 0.73 0.77 0.82 0.45
<18 75 79 0.78 0.76 0.79 0.44
<17 63 85 0.81 0.70 0.75 0.36
<16 53 94 0.90 0.67 0.69 0.33
<15 45 94 0.88 0.63 0.66 0.30
MACE - Symptom Score
>2 48 76 0.67 0.59 0.72 0.27
>3 27 82 0.60 0.53 0.57 0.22
>4 18 85 0.55 0.51 0.46 0.21
Combined Scores (SCAT2)
Symptom <17 OR SAC <26 86 73 0.76 0.83 0.82 0.57
Symptom <16 OR SAC <26** 80 82 0.82 0.80 0.80 0.51
Symptom <17 OR SAC <25 80 79 0.79 0.80 0.80 0.50
Symptom <16 OR SAC <25 73 88 0.86 0.77 0.77 0.45
Symptom <17 OR SAC <24 71 85 0.83 0.75 0.77 0.42
Symptom <16 OR SAC <24 64 94 0.91 0.72 0.73 0.39
Combined Scores (MACE)
Symptom > 2 OR SAC <26 82 64 0.70 0.78 0.84 0.47
Symptom > 3 OR SAC <26 68 70 0.69 0.69 0.80 0.35
Symptom > 4 OR SAC <26 61 73 0.69 0.65 0.77 0.32
Symptom > 2 OR SAC <25 75 70 0.71 0.74 0.81 0.41
Symptom > 3 OR SAC <25 57 76 0.70 0.64 0.75 0.31
Symptom > 4 OR SAC <25 48 79 0.70 0.60 0.71 0.28
Symptom > 2 OR SAC <24 64 76 0.73 0.68 0.77 0.35
Symptom > 3 OR SAC <24 43 82 0.71 0.59 0.68 0.26
Symptom > 4 OR SAC <24 34 85 0.69 0.56 0.62 0.24

a = sensitivity, the proportion of the MTBI group exceeding the cut-off scores.

maximal uncertainty (base rate = 0.5 or 0.8). Calculated as ((Se)(0.5))/(((Se)(0.5))+(1-Sp)(0.5)). The last two columns 

-
suming maximal uncertainty (base rate = 0.5 or 0.8). Calculated as ((Sp)(0.5))/(((Sp)(0.5))+(1-Se)(0.5)). The last two 

-
sponding cut-off scores for SCAT3 would be scores greater than 3, 4, 5, 6, and 7. **Endorsing 7 or more symptoms, 
or scoring 25 or lower on the SAC, occurred in 80% of the MTBI sample and 18% of the control sample.



68  –  Teemu Luoto

Unplanned post hoc analyses of the M-BESS were undertaken to determine 
the percentages of adults in each sample who met a normative criterion for poor 
balance. Poor balance was defined as the number of error points on the M-BESS as 
follows: ages 20-39  7 points, ages 40-49  8 points, ages 50-54  9 points, and 
ages 55-64  11 points (Iverson, Koehle 2013). Approximately 10% of a healthy 
adult Canadian sample have poor balance with these criteria (Iverson, Koehle 2013). 
In the MTBI sample, 46.3% met the criterion for poor balance acutely and 40.0% 
met criterion at one month follow-up; an unexpected 66.7% of the control sample 
met criterion for poor balance (Study III).

Four criterion variables that index MTBI severity [(i) LOC, (ii) PTA, (iii) trau-
matic lesion on CT, and (iv) traumatic lesion on MRI] were considered. Few patients 
had abnormal CT scans (n = 5) or no period of PTA (n = 4), so these potential 
criterion variables were left out of the analysis. SCAT2 Symptom Scores stratified 
by MRI abnormalities and LOC were as follows: (i) MRI abnormality present = M 
= 15.7 (SD = 2.9), absent = 12.9 (SD = 6.7), Mann-Whitney U = 192.5, p = 0.356, 
d = 0.48; and (ii) LOC present = M = 14.7 (SD = 6.4), absent = 12.9 (SD = 6.0), 
Mann-Whitney U = 239.0, p = 0.252, d = 0.28. SAC scores stratified by the same 
severity variables were as follows: (i) MRI abnormality present = M = 24.2 (SD = 
2.0), absent = 25.9 (SD = 2.0), Mann-Whitney U = 100.0, p = 0.025, d = 0.87; and 
(ii) LOC present = M = 24.9 (SD = 1.6), absent = 25.8 (SD = 2.3), Mann-Whit-
ney U = 168.0, p = 0.284, d = 0.40. Logistic regression models were run with the 
patient group to determine how each of the SCAT2 components (Symptom Score, 
SAC, M-BESS, and Coordination) were associated with each of the two remaining 
dichotomous criterion variables: presence of LOC (of any duration) or traumatic 
lesion on MRI (the five patients with abnormal CT scans also had abnormal MRIs). 
The Symptom Score was not associated with either of these variables (95% CI for 
the odds ratio = 0.95 - 1.17, p = 0.320 for LOC and 95% CI for the odds ratio = 
0.97 - 1.26, p= 0.127 for MRI). Every point lost on the SAC was associated with 
an increased the odds of a traumatic lesion on MRI by 1.64 (95% CI = 1.06 - 2.54, 
p = 0.025), but SAC scores were not associated with the odds of LOC (95% CI = 
0.88 - 1.68, p = 0.229). The M-BESS did not significantly relate to either LOC 
(95% CI for the odds ratio = 0.97 - 1.23, p = 0.165) or MRI (95% CI for the odds 
ratio = 0.84-1.05, p = 0.251). Failing the Coordination exam was not statistically 
significantly associated with LOC (OR = 4.29, 95% CI = 0.99 - 18.45 p = 0.051) 
or MRI findings (95% CI for the odds ratio = 0.32 - 5.28, p = 0.724) (Study III).
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To determine the extent to which the SCAT2 components were related to 
non-MTBI factors, we examined their association with general trauma severity (ISS) 
and acute psychological distress. Alcohol intoxication was also considered, but few 
participants (n = 7) had an elevated blood alcohol level. Higher ISS in the MTBI 
sample were marginally associated with higher Symptom Scores [Spearman rho (39) 
= 0.32, p= 0.026, statistically non-significant after Bonferroni adjustment], but not to 
failure on the Coordination exam [Spearman rho (44) = -0.27, p = 0.075], the SAC 
[Spearman rho (44) = -0.17, p = 0.267], or M-BESS [Spearman rho (37) = 0.22, 
p = 0.186]. A measure of acute psychological distress was created from the SCAT2 
Symptom Score by summing the item scores for “More emotional,” “Sadness”, and 
“Nervous” (present = 1, absent = 0). This new variable ranged from 0 to 3. This 
acute psychological distress score correlated with the Symptom Score [Spearman 
rho (49) = -0.66 p <0.001], but not the M-BESS [Spearman rho (37) = -0.01, p 
= 0.963], SAC [Spearman rho (44) = -0.03, p = 0.835), or Coordination scores 
[Spearman rho (44) = 0.07, p = 0.642]. The correlation with the Symptom Score 
was likely somewhat inflated because of both shared method variance (subjective 
symptom ratings) and item overlap (the three emotional symptom items contributed 
to both the acute psychological distress score and Symptom Score). After controlling 
for the latter by removing the emotional symptoms from the Symptom Score, the 
revised Symptom Score (i.e., containing only cognitive and somatic symptoms) 
still correlated with the acute psychological distress variable [Spearman rho (49) = 
-0.54, p < 0.001] (Study III).

10.4 The MACE and the MACE-SCAT2 Comparison

On the MACE, nine symptoms are coded as present or absent. The internal consist-
ency reliability of this scale, as assessed by Cronbach’s alpha, was 0.69 in the MTBI 
group (in comparison, the internal consistency reliability for the SCAT2 was 0.91 
for the Symptom Score and 0.92 for Symptom Severity). A total symptom scale 
score on the MACE was created by summing the number of symptoms endorsed. 
The group means on this scale were as follows: (i) controls (n = 33), M = 2.2, Md = 
1.0, SD = 3.4; (ii) MTBIs (n = 49), M = 2.6, Md = 2.0, SD = 2.1. On the MACE 
Symptom Scale, patients with MTBIs reported a slightly greater number of symptoms 
than controls (Mann-Whitney U = 937.4, p = 0.027, d = 0.15); discriminability 
was poor (AUC = 0.646, p = 0.029). The Spearman correlations with the SCAT2 
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Symptom Scores were as follows: Symptom Score (r = -0.81, p < 0.001), Symptom 
Severity Score (r = 0.77, p < 0.001), and psychological distress score (r = 0.49, p < 
0.001). The Spearman correlation between time since injury and MACE symptoms 
was r = -0.22, p = 0.12 (compared to r = 0.22, p = 0.12 for the SCAT2 Symptom 
Score). The Spearman correlation between MACE symptom scores and ISS was 
r = -0.37, p = 0.007. MACE symptom scores stratified by injury severity variables 
were as follows: (i) MRI abnormality present = M = 2.0 (SD = 1.4), absent = 2.8 
(SD = 2.3), Mann-Whitney U = 192.5, p = 0.36, d = 0.43; and (ii) LOC present = 
M = 2.5 (SD = 2.1), absent = M = 2.7 (SD = 2.1), Mann-Whitney U = 239.0, p = 
0.25, d = 0.08. The MACE symptom score predicted PCS diagnosis [OR = 1.55, 
95% CI = 1.08 - 2.22, p = 0.018] but not return to work [OR = 0.99, 95% CI = 
0.66 - 1.51, p = 0.99] (Study III).

The primary score from the MACE is the 30-point score from the SAC. SAC 
results are presented in Tables 10 and 11, and in the sections above. The average 
MACE scores, as well as SCAT2 subscores, stratified by time since injury are reported 
in Table 12. These descriptive values are derived from subgroups of convenience, 
based on when they underwent their comprehensive assessment in the ED; there 
was no experimental control over the time since injury variable. Sensitivity and 
specificity values for the MACE symptoms score and the SAC, at varying cut-offs, 
are presented in Table 11. The classification accuracy of the MACE symptom score 
alone was poor. Moreover, unlike the SCAT2 Symptom Score, the MACE symp-
tom score did not appear to improve classification when used jointly with the SAC. 
For example, the SAC alone achieved 34% sensitivity at 94% specificity (total < 
25). Jointly considering the SCAT2 Symptom Score with the SAC almost doubled 
sensitivity to 64%, maintaining 94% specificity (Symptom Score < 16 or SAC < 
24). In contrast, adding the MACE symptom score resulted in modest increases in 
sensitivity, compared to SAC alone, but also decreases in specificity. Overall, the 
AUC for the joint SCAT2 Symptom Score/SAC model was higher than the AUC 
for the MACE symptom score/SAC model (Z = 2.63, p = 0.009) (Study III).
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10.5 Retrograde Amnesia and Other Clinical Correlates of Mild  
        Traumatic Brain Injury

Patients with RA (n = 17) had more years of education than those without RA 
(M = 13.8 years for those without RA versus M = 15.8 years for those with RA, 
Mann-Whitney U = 311, p = 0.024, d = 0.68). There was also a small positive 
correlation between the duration of RA and years of education [Spearman rho (74) 
= 0.28, p = 0.017]. Those with versus without RA did not differ in age, gender, 
long-term alcohol use (AUDIT score), alcohol intoxication at the time of injury, 
time interval between injury and RA assessment, mechanism of injury, acute an-
algesic medication with opioids, method of transportation to healthcare (with or 
without ambulance), or co-morbid orthopaedic injuries (ISS score) (p > 0.11 in all 
analyses). The duration of RA was not significantly correlated with age, AUDIT 
score, or time interval between injury and RA assessment or ISS score (p > 0.22 in 
all analyses). Gender, alcohol intoxication at the time of injury, mechanism of injury, 
acute analgesic medication with opioids, and method of transportation to healthcare 
were not associated with the duration of RA (p > 0.12 in all analyses) (Study IV).

Coexistence and duration of RA and clinical signs of acute MTBI are shown in 
Table 13. Those who had RA, versus those who did not, had lower GCS scores [14 
versus 15 points, chi-square (1) = 13.70, p < 0.0001] and greater duration of PTA 
(M = 5.4 versus 1.8 hours, Mann-Whitney U = 228.5, p = 0.001, d = 1.21). Lower 
GCS scores (14 versus 15 points) were significantly associated with longer duration 
of RA (M = 126.7 versus 16.9 minutes, Mann-Whitney U = 56.0, p < 0.0001, d = 
1.15). There was a significant positive medium correlation between the duration of 
RA and PTA [Spearman rho (75) = 0.42, p < 0.0001]. In contrast to duration, the 
presence of PTA was not related to the presence (p = 0.71) or duration (p = 0.61) 
of RA. LOC was not significantly associated with the presence or duration of RA 
(Study IV).
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Table 13. Coexistence and duration of RA and clinical signs of acute mild traumatic brain 
injury (Study IV). 

 RA+                                   
n (%)

RA-                                       
n (%)

Duration of RA 
(min) mean (SD)

LOC+ 4 (5.3) 24 (32.0) 5.6 (23.1)

LOC- 13 (17.3) 34 (45.3) 37.7 (123.4)

PTA+ 16 (21.3) 53 (70.7) 27.9 (103.5)

PTA- 1 (1.3) 5 (6.7) 0.3 (0.8)

GCS 15 12 (16.0)* 57 (76.0)* 16.9 (91.3)

GCS 14 5 (6.7)* 1 (1.3)* 126.7 (140.8)

CT- 17 (22.7) 51 (68.0) 28.3 (104.2)

CT+ 0 7 (9.3) 0

MRI- 45 (60.0) 15 (20.0) 15.1 (52.1)

MRI+ 2 (2.7) 13 (17.3) 68.0 (196.2)

* p < 0.0001, Pearson chi-square test

10.6 Background and Clinical Correlates in Relation to     
        Neuroimaging Findings

In study II, the associations between subject-related, injury-related, and clinical 
variables with acute traumatic CT findings within the GLF group were examined. 
The sample (n = 575) consisted of TBI patients with varying severity. In this sample, 
male gender (p = 0.039) and chronic alcohol abuse (p = 0.013) were significantly 
associated with acute CT findings. Of the chronic alcohol abusers, 78.8% were male. 
A trend toward an increased risk of acute CT findings was also found in patients 
with a prior brain injury (p = 0.055), occipital or temporal locations of direct head 
impact (p = 0.053), and in those who were found on the ground because of falling 
(p = 0.051). Age, time interval between injury and CT scan, time interval between 
ED admission and CT scan, alcohol intoxication during injury, narcotic intoxication 
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during injury, GCS, LOC, amnesia, seizures, disorientation, regular medication, 
chronic diseases, and chronic narcotic abuse were not significantly associated with 
acute CT lesions. Gender and chronic alcohol abuse were not statistically significant 
after false discovery rate correction (Study II).

Binary logistic regression analysis was used to identify independent predictors 
of acute traumatic CT abnormalities in the GLF group. Chronic alcohol abuse, left 
temporoparietal and occipital location of direct head impact, being found on the 
ground, and age at the time of injury (p < 0.05 in all analyses) were independently 
associated with acute CT findings. For the model, the Hosmer-Lemeshow p-value 
was 0.515 and Nagelkerke’s R Square was 0.264. ROC area under the curve for the 
model’s predicted probability was 0.761. Link test was performed and it did not 
indicate any specification error. Multicollinearity between model covariates was tested 
and no collinearity was detected (all variance inflation factor-values < 2.0) (Study II).

A more detailed analysis (Mann-Whitney U and Pearson’s Chi-square tests) 
was made to assess the associations between the six positive independent predictors 
described above and specific acute CT findings within the GLF group. Chronic 
alcohol abuse was associated with more frequent subdural hematomas and effusions 
(p = 0.015), hemorrhagic contusions (p = 0.001), and air in the intracranial space 
(p = 0.038). Male gender predicted a higher incidence of subdural hematomas and 
effusions (p = 0.009), compression of the cerebrospinal fluid spaces (p = 0.005), 
midline shift (p = 0.004), hemorrhagic contusions (p = 0.001), hydrocephalus (p 
= 0.037), air in the intracranial space (p = 0.037), posttraumatic SAH (p = 0.007), 
and non-traumatic hemorrhages (p = 0.022). The GLF group was divided into two 
age groups according to the median age, 71 years. When comparing the incidence 
of acute CT finding between these age groups, the two groups did not differ (p = 
0.72) (Study II).

In the sample of enrolled patients with MTBI (n =75), age had no effect on the 
incidence of traumatic abnormalities on neuroimaging. Additionally, the presence/
absence of the traditional severity indices (LOC, PTA, GCS, disorientation or focal 
neurological deficits) was not related to acute traumatic lesions on CT or MRI (all 
p-values > 0.098). Apart from the duration of PTA, longer duration of LOC was 
associated with acute traumatic abnormalities on MRI (MRI abnormality present 
= M = 2.7 minutes, Md =1.0, SD = 4.0, Range = 0-15.0; MRI abnormality absent 
= M = 0.5 minutes, Md = 0, SD = 1.1, Range = 0-5.0; Mann-Whitney U = 279, p 
= 0.01, d = 1.33). The duration of PTA or LOC was not related to the presence of 
acute CT lesions. Acute traumatic lesions on head CT or MRI were not significantly 
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associated with the presence or duration of RA (Study IV). The SAC was the only 
SCAT2 component that was associated traumatic lesions on conventional MRI. 
Lower SAC scores increased the likelihood of an MTBI-related MRI abnormality 
(Study III).

10.7 Outcome Assessment

The two primary outcomes used in this thesis were (i) PCS symptoms/diagnosis and 
(ii) time to RTW. The rates of post-concussion syndrome diagnoses and descriptive 
statistics for the RPQ at different follow-up points are presented in Table 14. The 
median time to RTW was 15.0 days (M = 55.0, SD = 139.1, Range = 0 - 841.0). 
MTBI was the primary reason for time off work in 81.5% (n = 53), and an orthopedic 
injury in 18.5% (n = 12). Ten (13.3%) patients with MTBI did not take time off 
work following their injuries. In the cohort of patients with MTBI as the primary 
reason for time of work (n = 53), the median time to RTW was 16.0 days (Md = 
69.3, SD = 162.7, Range = 1.0 - 841.0). Two (3.4%; one MRI negative and one 
MRI positive) of these patients were off work for over two years. Post-concussion 
symptoms at two weeks post-injury were not related to the time of work. The only 
post-concussion symptomology variable that had a statistical association with RTW 
times was the number of moderate or greater symptoms endorsed on the RPQ at 
the 1-month follow-up [Spearman rho (74) = 0.40, p < 0.0001).  

Table 14. 

Post-Concussion Symptoms 2 weeks 1 month 6 months

Mild Post-Concussion Syndrome (n, %) 26 (34.7) 23 (30.7) 17 (22.7)

Moderate Post-Concussion Syndrome (n, %) 5 (6.7) 4 (5.3) 3 (4.0)

RPQ score (mean, SD) 14.2 (10.1) 10.5 (9.6) 7.3 (9.3)

Number of symptoms endorsed on the RPQ 
of mild or greater severity (mean, SD) 4.9 (3.8) 3.2 (3.6) 2.4 (3.3)

Number of symptoms endorsed on the RPQ 
of moderate or greater severity (mean, SD) 1.4 (2.2) 0.8 (2.0) 0.6 (2.2)

RPQ = Rivermead Post-concussion Symptoms Questionnaire



76  –  Teemu Luoto

PCS symptomology and time to RTW (days post-injury) were examined in 
relation to classic MTBI severity indices (LOC, PTA, disorientation, focal neuro-
logical deficits, GCS<15, and traumatic lesions on MRI or CT). PCS symptoms 
were assessed at three time points (2 weeks, 1 month and 6 months post-injury) in 
five ways: (i) mild PCS diagnosis (ICD-10 criteria), (ii) moderate PCS diagnosis 
(ICD-10 criteria), (iii) RPQ score, (iv) number of symptoms endorsed on the RPQ 
of mild or greater severity, and (v) number of symptoms endorsed on the RPQ of 
moderate or greater severity. Focal neurological deficits (i.e., hypoesthesia), at the 
time of initial assessment, were present in 22.7% (n = 17). The presence of focal 
neurological deficits in the ED was associated with greater number of endorsed 
moderate PCS symptoms (Deficits present = M = 1.6, SD = 3.4; Deficits absent = M 
= 0.3, SD = 1.6; Mann-Whitney U = 291.0, p = 0.001, d = 0.66) and higher RPQ 
scores (deficits present = M = 12.8, SD = 12.6; deficits absent = M = 5.6, SD = 7.4; 
Mann-Whitney U = 255.5, p = 0.014, d = 0.83) at 6 months following MTBI. Focal 
neurological deficits were unrelated to RTW times. Patients with acute traumatic 
lesions on CT had a trend towards greater number of mild PCS symptoms (p = 
0.038, d = 0.75) and the presence of mild PCS diagnosis (p = 0.035, d = 0.85) at 
6 months post-injury. These associations, however, were not statistically significant 
after Bonferroni adjustment. MRI-positive lesions were unrelated to PCS symptoms. 
Neuroimaging finding (both CT and MRI) were significantly related to the time to 
RTW. The patients with a traumatic finding on CT had longer times to RTW (Md 
= 71.0 days, M = 180.1 days, SD = 296.0 days versus Md = 14.0 days, M = 42.1 
days, SD = 108.3 days, Mann-Whitney U = 84.5, p = 0.005, d = 1.10). Similarly, 
traumatic findings on MRI were associated with longer times to RTW (Md = 36.0 
days, M = 101.8 days, SD = 208.7 days versus Md = 10.0 days, M = 43.3 days, SD 
= 115.1 days, Mann-Whitney U = 221.5, p = 0.002, d = 0.44). LOC, PTA, GCS 
under 15 points and disorientation were not associated with time to RTW or PCS 
symptomology. 

Additionally, RA was thoroughly examined in relation to the two outcome 
variables (PCS and RTW) (Study IV). The presence of RA was not associated with 
mild or moderate PCS diagnoses at 2 weeks, 1 month, or 6 months after injury 
(p > 0.13 in all analyses). In addition, the presence of RA was studied in relation 
RPQ scores and the number of symptoms endorsed as mild or greater or moderate 
or greater on the RPQ at 2 weeks, 1 month, and 6 months post-injury. In these 
analyses, there was a trend (i.e., medium effect size) toward a greater number of mild 
symptoms on the RPQ at 1 month post-MTBI being associated with the presence 
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of RA (M = 4.5 versus 2.8 symptoms, Mann-Whitney U = 333.0, p = 0.048, d = 
0.48). However, this association was not statistically significant after Bonferroni 
adjustment. There was no significant association between the duration of RA and 
mild or moderate PCS diagnosis at 2 weeks, 1 month, and 6 months after injury (p 
> 0.21 in all analyses). Moreover, at 2 weeks, 1 month, and 6 months post-MTBI, 
the duration of RA was not related to the RPQ scores or the number of mild or 
moderate symptoms endorsed on the RPQ (p > 0.07 in all analyses). The median 
time between injury and RTW was 15.0 days (M = 55.0 days, SD = 139.1 days, 
Range = 0 - 841.0 days). The presence (Mann-Whitney U = 454.5, p = 0.62) and 
duration (Spearman rho (75) = 0.05, p = 0.68) of RA were not significantly associated 
with the time to RTW. The patients (n = 53) with MTBI as the primary reason for 
being off work were analyzed separately in regards to RTW. There was no statistically 
significant association between RA and RTW in this subgroup (Study IV). 

The ability of the SCAT2, administered within the first few days following 
injury, to predict one-month clinical outcomes was examined. Of the candidate 
outcome variables, PCS diagnosis (moderate or greater severity) was dropped because 
of restricted distributions (only 2 participants met this more stringent criterion for 
PCS). RTW and PCS diagnosis (mild or greater severity) were retained as dichot-
omous clinical outcomes. Odds ratios were derived from logistic regression models 
with a SCAT2 component as the sole predictor and one of the clinical outcomes as 
a dichotomous response variable. The Symptom Score did not strongly predict PCS 
diagnosis (OR = 0.882, 95% CI = 0.79 - 0.99, p = 0.035, non-significant after Bon-
ferroni adjustment). The acute psychological distress score did significantly predict 
PCS diagnosis (OR = 2.28, 95% CI = 1.15 - 4.48, p = 0.018), but the Symptom 
Score with the acute psychological distress items removed did not (OR = 1.14, 95% 
CI = 0.98 - 1.34, p = 0.091).SAC and M-BESS did not predict this outcome. The 
Coordination score also failed to predict PCS diagnosis (OR = 0.214, 95% CI = 
0.46 - 0.99, p = 0.049, non-significant after Bonferroni adjustment). With respect 
to return to work as a clinical outcome, the Coordination Exam was the strongest 
predictor (OR = 5.50, 95% CI = 1.34 - 22.53, p = 0.018), followed by the SAC 
(OR = 1.53, 95% CI = 1.03 - 2.26, p = 0.033, non-significant after Bonferroni 
adjustment). The Symptom Score and M-BESS were both weak and non-significant 
predictors of RTW (Study III). 

The relationship between time post-injury and SCAT2 was examined in two 
ways. First, time from injury to initial assessment was related to various SCAT2 
components (Table 3). The M-BESS scores [Spearman rho (37) = 0.427, p = 0.008] 
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were related to this time interval, but the other SCAT2 components were not (p > 
0.05). This means that M-BESS scores improved with time following injury. Next, 
we compared initial to follow-up SCAT2 assessments within-subjects. Non-paramet-
ric tests for related samples revealed significant improvement over the first month 
post-MTBI for the Symptom Score [Wilcoxon-Signed Rank Tests (48) = 36.0, p < 
0.001, d = 0.78] and the SAC [Wilcoxon-Signed Rank Tests (44) = 549.5, p = 0.001, 
d = 0.60]. There was a very small improvement in the M-BESS [Wilcoxon-Signed 
Rank Tests (36) = 324.0, p = 0.059, d = 0.21]. All patients (n = 18) who failed the 
Coordination exam initially also failed it at follow-up (Study III).
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11 DISCUSSION

11.1 Study Population

During a two year period, a consecutive sample of 3,023 patients, who were CT 
scanned due to an acute HI, was screened for inclusion. These individuals represent 
a population-based cohort of typical HI patients seen in EDs all over Finland. The 
principal idea was to collect an MTBI sample with as few outcome confounders 
as conceivable. Ideally, this would make it possible to examine the acute and long-
term effect of “pure” MTBI. Therefore, three inclusion and nine exclusion criteria 
(Table 5) were adapted. These criteria had significant consequences on the size and 
characteristics of the final enrolled sample. The enrolled MTBI sample consisted 
of 75 patients, which is only 2.5 % of the primary cohort (n = 3,023). By focusing 
on working-age adults, who sustained an acute MTBI, and who had no obvious 
confounding pre-existing medical, psychiatric, or neurological problems, we excluded 
92.0% (n = 2,782) of consecutive patients with acute head injury and suspected 
TBI. Almost a third (31.3%, n = 946) of all patients did not meet the MTBI criteria. 
The major factors for exclusion were age (51.3%, n = 1552), pre-injury neurological 
problems (25.7%, n = 776), and pre-injury psychiatric problems (28.5%, n = 863). 
Patients with at least one of these four factors comprise 88.8% (n = 2619) of the 
excluded population (n = 2,948) (Study I).

In our study, we excluded the patients that form the majority of victims seen 
in clinical practice; these excluded patients are at increased risk for poor outcome 
(Ponsford et al. 2012, Gould et al. 2011, Silverberg, Iverson 2011, Alexander 
1995, King, Kirwilliam 2011, Schonberger et al. 2011, Senathi-Raja, Ponsford 
& Schonberger 2010). By excluding patients with pre-existing conditions, and 
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trying to focus purely on the consequences of MTBI, we end up studying a small, 
non-representative subgroup of patients who do not have known risk factors for 
poor outcome (Ponsford et al. 2012, Gould et al. 2011, Silverberg, Iverson 2011, 
Alexander 1995, King, Kirwilliam 2011, Schonberger et al. 2011, Senathi-Raja, 
Ponsford & Schonberger 2010). This may be a valid approach if we want to study 
the consequences of MTBI in their purest sense, but the limitations caused by a 
tight selection have to be borne in mind in drawing clinical conclusions (Study I).

Additionally, we discovered that choosing patients with very strict criteria for an 
MTBI study produced a group that significantly differed from the source population 
in several additional ways. The presence of LOC, amnesia, and disorientation was 
more common in the final MTBI sample compared to the excluded MTBI sample. 
This difference can be partly, if not mostly, explained by the methods used in data 
collation. The clinical signs of excluded patients were assessed retrospectively using 
mainly patient records, whereas enrolled patients were prospectively evaluated by 
the research physician. Without doubt, the prospective study examination was more 
accurate and comprehensive than the retrospective one. The research evaluation 
aimed to gather detailed data for scientific purposes whereas the content of patient 
records is driven by a more straightforward approach of medical documentation. 
The results also show that premorbid neurological problems and age are related to 
the presence of clinical signs (Study I).

Among the excluded patients with MTBI, a ground-level fall (56.9%) was the 
most prominent mechanism of injury. In contrast, in the final MTBI sample the 
majority of MTBIs were caused by different types of road traffic accidents (34.8%) 
(Study I). Generally, ground-level falls are considered an injury of low acuity (Sarani 
et al. 2009), especially when compared to road traffic accidents. Nonetheless, we 
showed that ground-level falls should be considered a serious causal mechanism for 
TBI, especially among older adults (Study II).  

We recruited patients with an acute ankle injury as controls. The controls were 
enrolled from the same ED with the same study criteria (when applicable) as the MTBI 
patients. Ankle injury was selected as an indicator for inclusion because like MTBI the 
injury induces psychological stress and physical disability. Additionally, the population 
characteristics resemble one another. This approach maximized comparability between 
these two samples, but at the same time there are similar concerns regarding the gen-
eralizability of the findings as with the sample with MTBIs. Moreover, the controls 
were enrolled in an age-stratified manner, because their MRIs were performed as part 
of a separate larger study to produce normative age group data for DTI parameters. 
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Age stratification inevitably diverted the age distribution of the control sample. The 
imaging costs limited us from enrolling a larger control sample. 

11.2 Clinical Assessment

A relatively extensive clinical assessment was performed acutely after MTBI. Most 
of the enrolled MTBI patients were examined in the ED and part were called in 
for a separate hospital visit if already discharged from the ED. Because real-time 
patient enrolment was performed mainly during office hours, the time intervals 
between the injuries and assessment were occasionally quite long (M = 48.1 hours, 
Md = 41.0, SD = 45.4, Range = 2.0 – 241.0). The clinical signs and symptoms of 
MTBI manifested acutely post-injury improve rapidly. Therefore, the individual 
MTBI-related features possibly differ depending on the time point of assessment. As 
time from injury elapses, also the focus of the emergency management is altered. For 
example, several days after a possible MTBI a head CT to overrule an acute intrac-
ranial hemorrhage is not relevant, if none of the clinical and background features do 
not support this. On the other hand, if the patient is admitted to the ED for same 
injury only after a few hours, a head CT would be adequate in triage for hospital 
admission (Livingston et al. 2000, af Geijerstam, Britton 2003, af Geijerstam, Britton 
2005). All of the patients in the sample were CT-scanned in the ED according to 
the Scandinavian guidelines (Ingebrigtsen, Romner & Kock-Jensen 2000) and the 
on call physician’s clinical judgment, although presented to the ED with a several 
days delay. In most of these cases the indications for a head CT were suspicion of 
a TBI and prolonged/progressive symptoms. None of the enrolled MTBI patients 
who arrived to the ED after the first 15 hours post-injury had a positive head CT.  

The enrolled MTBI sample included some people with injuries from the mildest 
end of the TBI spectrum. Of the patients, 12.0% were diagnosed with MTBI based 
on one individual clinical criterion and none of these patients had traumatic find-
ings on neuroimaging. Respectively, the durations of amnesia and LOC were quite 
brief especially. Considering that the accepted timeframe of PTA up to 24 hours, 
and LOC up to 30 minutes, is considered. The incidence rates for traumatic lesion 
on neuroimaging were in line with prior literature (Kurca, Sivak & Kucera 2006, 
Hughes et al. 2004, Hofman et al. 2001, Voller et al. 1999, Uchino et al. 2001, Mittl 
et al. 1994). However, prior investigators have reported longer periods of LOC and 
PTA in their samples. The discrepancy can be explained by differences in MTBI 
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criteria, inclusion/exclusion criteria and variability in methods and personnel used 
to assess the severity of TBI. Numerous background (e.g., memory disorders) and 
peri-injury factors (e.g., alcohol, medication, and psychological stress) can mimic 
or magnify MTBI-like clinical signs. In our study, care was taken in recognizing 
and excluding numerous confounding factors. However, this process, with certainty, 
was not watertight. We did not for example systematically interview all eyewitnesses 
and next of kin to confirm recollection of events preceding and following the injury, 
or to document the duration of possible LOC. The information attainable from 
ambulance records was utilized to improve assessment accuracy. If there were no 
eyewitnesses to verify the presence of LOC, it was coded unknown (n = 25, 33.3%). 
In the majority of statistical analyses, the unknown findings were recoded as “LOC 
= absent”. None of the MTBI diagnoses (n = 75) were based on only the presence 
of LOC. Eyewitness reports of LOC might not be reliable. The principal concern is 
how well a non-medical professional can distinguish LOC. And, how trustworthy 
is the estimated duration of LOC? Additionally, the assessment of LOC is problem-
atic, because a brief period of unconsciousness may have been present prior to the 
arrival of eyewitnesses and patients themselves easily assume a short PTA as LOC.  

The duration of PTA was assessed with multiple methods. Ongoing PTA was 
screened with the RWPTAS. When examined by the research physician, none of 
the MTBI patients had ongoing PTA according to this test. The GOAT and the 
Rivermead protocol were utilized to assess the duration of PTA and RA. Care was 
taken to distinguish between what the patient actually remembered versus what 
he or she garnered from other sources. To prevent a false-positive interpretation 
of the presence of PTA, the degree of mental stress experienced by the patient and 
substance abuse were considered. If the patient’s memory gap was very brief prior to 
or after the accident without any other signs of MTBI and concurred with mental 
stressors, the amnesia was considered psychogenic. Nevertheless, among enrolled 
MTBIs, the sole criterion for an MTBI diagnosis was PTA of two minutes or less 
(n = 3) for three subjects. It is possible that these cases were false-positives, but they 
seemed to clearly meet the definitional criteria for MTBI (albeit a very mild injury).

The diagnostic criterion of confusion and disorientation is frequently the most 
challenging to establish. A survivor of an unexpected event that placed him or her 
in serious danger can often experience a sense of being shocked and overwhelmed. 
The challenge for the diagnostician is to differentiate between such a strong emo-
tional reaction and evidence of external forces to the head that likely resulted in a 
biomechanically induced alteration of the person’s mental awareness (Ruff et al. 2009, 
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Hunter, Sierra & David 2004, Harvey, Bryant 1999). As with PTA, we considered the 
possibility of psychogenic confusion. In our enrolled MTBI sample, disorientation 
was measured with the GOAT and in part of the sample it was also measured with the 
time orientation component included in the SAC. Incoherent speech and behavior 
were indicative of confusion. Confusion was also evaluated as part of the GCS scale. 
In the ED, GCS scores were monitored. Additionally, GCS scores were recorded from 
the pre-hospital stage if ambulance personnel were present at the injury scene. Only 
six (8.0%) patients had a GCS score of 14 after 30 minutes post-injury and later upon 
presentation. All the rest (n = 69) had a score of 15. The points lost in the GCS were 
all due to a confused verbal response. None of the patients with a GCS of 14 had 
been diagnosed with MTBI merely based on this criterion. Disorientation noted by 
the research physician in the ED was the key diagnostic sign of three (4.0%) patients 
with MTBI. Recognizing the heterogeneous etiology of confusion, constructing an 
MTBI diagnosis on short-lived subtle mental state alterations seems unreliable.   

Seventeen (22.7%) patients had acute focal neurological deficits in the ED. 
The deficits consisted of facial and limb hypoesthesias, nystagmus, diplopia and 
abnormalities on the Romberg test. All of these neurological abnormalities resolved 
by the 1-month follow-up. In 16 of 17subjects, these deficits occurred together 
with other MTBI criteria. One patient with a focal deficit had an acute traumatic 
lesion on head CT. Additionally, the reported hypoestesias usually occurred mainly 
simultaneously with an external physical injury to the area with altered sensation. 
Therefore, the cause of sensory loss may have been due to peripheral nerve injury. 

A traumatic intracranial lesion visible on CT is established as an objective sign of 
acute MTBI. In the literature, these CT-positive cases are referred to as complicated 
MTBI (Iverson et al. 2012, Williams, Levin & Eisenberg 1990). There are multiple 
types of lesions, such as hemorrhages, that are identified with reasonable certainty 
whereas small contusions are quite often missed(Laalo et al. 2009). Usually the rate 
of misinterpretation has been between 3.5% and 8% (Livingston et al. 2000, Cooper 
et al. 2008, Wysoki et al. 1998, Sistrom, Deitte 2008, Strub et al. 2007, Strub et al. 
2006). In our sample, 9.3% (n = 7) were complicated MTBIs. We can assume that 
these subjects undeniably had an MTBI, because all CT-positive lesions were confirmed 
with MRI. All of the CT-positive MTBIs also had an accompanying MTBI criterion 
fulfilled. The rest of the sample (n = 68, 90.7%) consisted of uncomplicated cases of 
MTBI. These were diagnosed using the clinical signs of MTBI. As discussed previously, 
the presence or absence of these signs is fairly subjective and susceptible to errors on the 
part of the clinician. The MTBI diagnosis of 12 uncomplicated MTBIs relied solely 
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on one clinical sign. Even though the clinical assessment in the ED was performed 
rigorously, there is a possibility that some of these 12 patients were false-positives. 

RA has received little attention in the MTBI literature in the last decades. 
Generally, it is acknowledge as a clinical correlate of MTBI, especially PTA, with 
minor relevance in routine practice. Our findings are largely consistent with prior 
studies. RA was not associated with age, gender, mechanism of injury, whether or not 
the person was transported to the hospital via ambulance, bodily injury scores (i.e., 
ISS), alcohol intoxication, or the administration of opioid analgesics. The amount of 
education was the only pre- and post-injury background factor related to RA (which 
might be a spurious finding). In regard to MTBI criteria, RA was associated with 
disorientation measured with the GCS and PTA, but not to structural brain injury 
seen on CT or MRI. This is not surprising because by definition the confusional state 
of PTA encompasses alterations in orientation and impairment of remote memory.

Our results on the associations between clinical MTBI severity indicators and 
traumatic neuroimaging findings differed compared to earlier publications (Smits 
et al. 2007, National Collaborating Centre for Acute Care (UK) 2007, Unden et 
al. 2013, Schonberger et al. 2009), which might be related, in part, to having such 
small sample size with positive imaging findings. The only severity indicator that 
was associated with MRI lesions was longer duration of LOC. The clinical interpre-
tation of this finding is not straight-forward because there was considerable overlap 
between the LOC durations of the MRI-positive and MRI-negative group, and LOC 
was not related to CT-positive MTBI. Disorientation, PTA, GCS scores and focal 
neurological deficits were not significantly related to traumatic imaging findings on 
CT or MRI. Additionally, none of the clinical markers of TBI were predictors of 
traumatic CT abnormalities in the initial screened sample of GLF patients (Study 
II).This conflicting evidence can be a result of misdiagnosed MTBIs in the enrolled 
sample. Additionally, there was a considerable amount of missing data in screened, 
unenrolled, sample. For example 49.0% of information regarding the presence/
absence of LOC was missing in the screened population.  
 

11.3 Using the SCAT2 in the Emergency Department

The SCAT2 was used in this study because it might have value in the assessment 
of MTBI outside of the sporting venue, such as in a civilian trauma setting. The 
structured and multifaceted approach was hypothesized to supplement routine ED 
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or primary care physician assessment, which is typically limited to rudimentary di-
agnostic signs, such as LOC, and a brief query of primary symptoms (e.g., headache 
and dizziness). Quantifying post-concussion symptoms, cognitive impairment, and 
balance problems might improve clinical decision making. The scoreable components 
of the SCAT2 performed variably across the five dimensions of validity: (i) diagnostic 
validity (ability to differentiate between controls and those with MTBIs), (ii) criterion 
validity (association with MTBI severity indicators), (iii) divergent validity (lack of 
association with non-MTBI factors), (iv) predictive validity (prognostic value for 
one-month outcomes), and (v) responsiveness (improved scores associated with time 
since injury). These findings are summarized in Table 15 (Study III).

Table 15. 
permission).

Validity Type Operational Symptom 
Score SAC M-BESS Coordination

Diagnostic 
Validity*

MTBI vs. Control 
group with remote 
ankle injuries

Good Good Poor** Poor

Criterion 
Validity†

Related to MTBI 
severity indicators Poor Good 

(MRI only) Poor Poor

Divergent 
Validity‡

Not related to ISS 
or psychological 
distress

Moderate Good Good Good

Predictive 
Validity††

1-month clinical 
outcome (PCS, 
RTW)

PCS only RTW only Poor RTW only

Respon
siveness‡‡

Improves over 
time Good Good Moderate 

(rapid) Poor

*

† 

‡ 

0.3
†† 

‡‡

follow-up

**Control group performed unexpectedly poorly.

ISS=Injury Severity Score, PCS=Post-concussion syndrome, RTW=Return to work
MWU=Mann-Whitney U
ROC=Receiver Operating Characteristic
AUC=Area under the curve
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The SAC as a screening instrument appeared useful for detecting acute MTBI-related 
cognitive impairment, refining prognosis, and monitoring recovery in trauma patients 
who were presented to the ED (Study III). This finding extends prior work on the 
SAC, which has demonstrated modest diagnostic validity in children (Grubenhoff 
et al. 2010) and short-term (day of injury) responsiveness in adults (Naunheim, 
Matero & Fucetola 2008).

The SCAT2 total symptom scores were depressed (indicative of more symptoms) 
in patients with MTBI. Its psychological distress items (more emotional, sadness, 
nervous) were particularly predictive of persistent post-concussion symptoms one 
month later. In other words, if a person reports numerous PCS symptoms acutely, 
and/or reports acute psychological distress, he or she is more likely to have persis-
tent symptoms at one-month following injury. Symptom scores were not, however, 
associated with MTBI severity (i.e., LOC or abnormal MRI) and they may be influ-
enced by factors other than MTBI (e.g., pain, injury-related stress, and resilience) 
(Study III).This is consistent with a broader literature on post-concussion symptom 
reporting in civilian trauma patients, as measured by other questionnaires (Iverson 
et al. 2013).

The remaining SCAT2 components had limited validity (Study III).Two un-
expected findings warrant discussion. First, patients with and without MTBI did 
not differ on the M-BESS. This is seemingly in contrast to prior findings that the 
BESS is sensitive to sport-relation concussion (Guskiewicz 2011, McCrea et al. 2003, 
Peterson et al. 2003, Guskiewicz 2001). Several features of the study design likely 
account for this null finding. Most importantly, past research has used the BESS, not 
the M-BESS. The BESS includes three stances on a hard surface and three stances on 
a foam pad. The M-BESS includes only the three stances on a hard surface, making 
it a much easier test. In addition, patients with MTBI were initially assessed at an 
average of 38 hours post-injury, many beyond two days. There is some evidence that 
deficits on the BESS resolve more rapidly than symptoms and cognitive impairment 
(McCrea et al. 2003). Therefore, the M-BESS may lose its sensitivity too quickly 
to be useful if administered beyond the initial hours post-injury. The correlation 
between time to initial assessment and initial M-BESS scores in our MTBI sample 
supports this assertion. As well, a non-trivial portion of participants with MTBI did 
not complete the M-BESS because of co-occurring orthopedic injuries. This may have 
introduced an unknown bias. Yet another possible reason for the low sensitivity of 
M-BESS in our study is that control patients suffered an ankle injury 1-2 years prior 
to the SCAT2 assessment. However, even though no control participants reported 
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persistent symptoms related to ankle sprain in our study, a history of ankle injury 
can adversely impact postural stability, perhaps because of altered proprioception 
(Docherty, Valovich McLeod & Shultz 2006, Hertel 2008).

In the control patients, the surprisingly poor M-BESS performance compared 
to a previous study (Iverson, Koehle 2013) can also be related to the differences in 
the study samples and variability in the scoring of the balance testing itself. Iverson 
et al. studied mostly healthy Canadian general medical outpatients who were tak-
ing part in a comprehensive preventive health screen at a multidisciplinary private 
healthcare center. They tended to be of higher socioeconomic status and they had 
somewhat lower body mass than the general population. We suspect, but cannot 
determine empirically, that the Finnish control sample had more individuals with 
a body mass index greater than 30 than the Canadian sample. Moreover, we sus-
pect that there might have been scoring differences between the studies in that the 
scoring for the present study stringently applied the rule that if the person did not 
hold the stance for 5 consecutive seconds then a maximum score of 10 error points 
was given for that stance (whereas, there might have been more lenient scoring in 
the Canadian study).    

The findings for the Coordination score were difficult to interpret. Most notably, 
41% of the MTBI sample failed the Coordination exam on both the initial and one-
month follow-up assessments (27.3% of the control sample failed the Coordination 
exam). Further study is needed to understand whether this pattern reflects residual 
MTBI deficits or psychometric limitations of the single-item scale (Study III).

Whereas most prior research examined the SCAT2 in the context of sport-related 
concussion, our study shows that certain SCAT2 components have considerable 
value in the acute assessment of MTBI in a civilian trauma setting. The SAC and 
Symptom Score components appear most useful. These tests can facilitate detection 
of subtle symptoms and cognitive changes that could otherwise be easily missed by 
informal observation. These findings on screening could identify patients in need 
of early intervention (Ponsford et al. 2002), provide an indication for more detailed 
examinations (e.g., neuropsychological evaluation and head MRI) (Herbert 2007), 
and refine recommendations about return to activities, especially those with an 
increased risk of repeated MTBI. 

Note that data for the present study was collected prior to the release of the 
SCAT3. The SCAT3 includes all the same components as the SCAT2 in unaltered 
format (McCrory et al. 2013, Guskiewicz et al. 2013). The main updates were: (i) 
the overall 100-point scoring was discontinued, and (ii) tandem gait was added as an 
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addition or alternative to the M-BESS. The scoring system changed for the SCAT3, 
too, in that symptoms and balance are no longer reverse scored. It is essential to 
keep these scoring changes in mind when reviewing the literature on the SCAT2 
versus SCAT3. Based on this information, the findings drawn from our study are 
largely applicable to the SCAT3. 

11.4 SCAT2-MACE Head-to-Head Comparison

This study has important implications for assessment in both military and civilian 
settings. To our knowledge, we conducted the first head-to-head comparison of the 
MACE to the SCAT2. The MACE is used by the US military for the acute assess-
ment of MTBI. It was predicted that the SCAT2 would outperform the MACE 
because it includes a more comprehensive and refined symptom measure and balance 
testing—in addition to the cognitive testing (i.e., the SAC). In the present study, 
the M-BESS was minimally useful for differentiating patients with MTBIs from 
controls. Additional research is needed to examine the clinical usefulness of the 
M-BESS in acutely injured civilians prior to drawing firm conclusions. The MACE 
symptom score had poor classification accuracy. The SCAT2 symptom score clearly 
outperformed the MACE in both internal consistency reliability and diagnostic 
validity (singly and in combination with the SAC). If a cut-off score of 25 or lower 
is used for the SAC, only 55% of the patients with MTBIs were identified with a 
12% false positive rate in the controls. However, if a patient endorses seven or more 
symptoms (i.e., SCAT2 symptom total score of less than 16 (see Table 11), or scores 
25 or lower on the SAC, then 80% of the MTBI sample is correctly identified with 
an 18% false positive rate in the control sample. Combining the symptom score 
with the cognition score clearly improves the diagnostic validity of the SCAT2 in 
comparison to the MACE (Study III). 
 

11.5 Functional Outcome: Return to Work and Persistent Symptoms

In the literature, results regarding MTBI outcome are heterogeneous (Yue et al. 
2013). This is mainly explained by difference in enrolment criteria and assessment 
methodology (Maas, Menon 2012). The scope of different outcome measures is 
large and the time points used in outcome assessment differ considerably between 
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studies. Additionally, the criteria and methods applied in acute MTBI diagnostics 
are everything but homogeneous (Menon et al. 2010). Some studies rely solely on 
only GCS scores whereas others additionally use PTA, LOC, and neuroimaging. 

The assessment of vocational outcome following MTBI is challenging. The 
simplistic way of studying this is to measure the time from injury to RTW, as we did. 
Unfortunately, this approach often assumes that the return is to former full capacity 
at the time when sick leave ends. However, this is not the case in many instances. 
The possibilities of lighter duty, accommodations, and reduced hours were not 
studied. In our study the median time to RTW was approximately two weeks, and 
90.7% returned to work within three months. A considerable number of patients 
were unemployed or students prior to their injury and therefore did not have time 
off work. Some patients had a prolonged RTW due to multiple orthopedic injuries 
(Study IV).There were a few outlier cases with dismal vocational outcome; these 
individuals had RTW times of over one to two years. 

The only acute clinical predictors of RTW were neuroimaging findings and 
two SCAT2 components: (i) the SAC and (ii) the Coordination Score. None of the 
classical MTBI severity markers were associated with duration of time off work. From 
a clinical standpoint, the SAC appears to have incremental value to be implemented 
into routine emergency management of MTBI. In addition to vocational outcome 
prediction, the SAC had diagnostic utility and was related to MTBI-related lesions 
on conventional MRI. Lower SAC scores were associated with structural lesions 
(Study III). Structural brain injury visible on MRI (and CT) was related to longer 
times to RTW. It could be argued that a causal triad exists between MRI-positive 
structural brain damage, acute cognitive deficits and prolonged RTW.

One third (34.7%) of the MTBI patients fulfilled the ICD-10 criteria for PCS 
at the 1-month follow-up and 22.7% fulfilled criteria at six months post-injury. The 
patients mainly reported several mild symptoms instead of individual symptoms 
with higher severity (Study IV). PCS symptoms did not have strong association with 
time off work. The SCAT2 Symptom Score, especially the symptoms measuring 
acute psychological distress, were predictive of 1-month PCS diagnosis. Additionally, 
acute focal neurological deficits were associated with increased number and severity 
of reported post-concussion symptoms six months following MTBI. In contrast, 
PCS symptomology was not associated with other diagnostic criteria for MTBI. 

In prior studies, PCS symptoms are found to correlate with psychological 
distress, more so than with measures of MTBI severity or neuropsychological test 
performance (Iverson et al. 2013, Silverberg, Iverson 2011). Clearly, it is possible 
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that some of the subjective symptoms and deficits reported by the MTBI patients 
could be related to acute psychological distress (it is notable that those with traumatic 
MRI abnormalities did not report greater symptoms). Personality characteristics that 
predispose to anxiety are linked to somatization and physical symptoms (de Waal et 
al. 2004, Mergl et al. 2007). A study summary of the relations between clinical MTBI 
severity indices, neuroimaging, and outcome correlates is presented in Table 16.

Table 16. Summary of the relations between clinical MTBI indices, neuroimaging and out-

 Traumatic 
lesion on CT

Traumatic lesion 
on MRI

Prolonged 
RTW

Persistent 
PCS symp-
toms

Presence of LOC No No No No
Duration of LOC No Yes No No
Presence of PTA No No No No
Duration of PTA No No No No
Presence of RA No No No No
Duration of RA No No No No
GCS 14 No No No No
Disorientation No No No No

No No No Yes
Traumatic lesion on CT   Yes No
Traumatic lesion on MRI   Yes No

LOC = loss of consciousness, PTA = post-traumatic amnesia, RA = retrograde amnesia
RTW = return to work, PCS = post-concussion syndrome

11.6 Study Strengths and Limitations

The strength of this research was the carefully selected, homogenous, and well docu-
mented study sample. This relates to both enrolled MTBI subjects and controls. On 
the other hand, the strict selection of patients and controls at enrolment compromised 
the generalizability of the results. Clinical conclusions drawn from these findings 
should be cautious. Additionally, the study examined only hospital-treated patients 
with MTBI and no findings were available for patients treated outside the hospital. 
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There may be significant regional differences in how and where patients with MTBI 
are diagnosed and treated, which may further influence the generalizability of these 
results to other health care systems. With the study criteria, we controlled the effects 
of confounding factors on the acute clinical variables and outcome. Therefore, the 
clinical characteristics gathered from the ED can be considered rather reliable and to 
really be a consequence of MTBI. Also, all the patients were evaluated by the same 
physician and therefore inter-evaluator bias was eliminated. However, intra-evaluator 
bias was not examined. The follow-up questionnaire response rate can be considered 
high (82.7% to 98.7%).

Some specific limitations are related to the screened patients and the data de-
rived retrospectively from the patient records.  There was a considerable amount 
of missing relevant information. This might have influenced both the number of 
different criteria recorded and the significance of the comparisons of clinical MTBI 
signs. Additionally, some incorrect interpretations may have occurred during the 
data collection. Nevertheless, of the researchers performing the data collection all 
were occupationally qualified. Thus, instead of systematic bias there might be ran-
dom errors, which probably do not affect the results. Furthermore, it is impossible 
to control the heterogeneity of decision-making on CT scanning in the ED by the 
on-call physician. The Scandinavian guidelines for initial management of minimal, 
mild, and moderate head injuries were used in the ED, but it is likely that these were 
not followed consistently. Therefore, the sample includes patients that would not 
have needed a CT scan according these guidelines. On the other hand, we probably 
missed some patients that should have been CT scanned but were discharged without 
imaging. 

The sample size of the enrolled patients and controls was quite small due to the 
restrictive study criteria and this affected the statistical power of the studies. Therefore, 
some true differences might have been missed. Unfortunately, the 1-month clinical 
assessment was repeated only in the MTBI group. The improved performance on 
the SCAT2/MACE testing in this group may be at least partially attributable to 
practice effects. In other words, the design may have resulted in an over-estimation 
of MTBI recovery. The acutely injured controls were not evaluated clinically imme-
diately after injury. Therefore, some of the validity analyses could not be done with 
the controls and then compared to the MTBI sample. In general, a control group 
that had acute non-head injuries would have controlled for additional confounds, 
such as post-traumatic stress. This may have resulted in less favorable diagnostic 
accuracy statistics for the SCAT2 than we report here. 
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Some methodological issues also have to be highlighted. There are no generally 
acknowledged methods to reliably assess the duration of RA. The findings related 
to RA can therefore be argued to be subjective and lack generalizability. Although 
alcohol is a known confounder in memory functioning and other acute features 
in MTBI, the clinical assessment in the ED did not include a systematic alcohol 
breathalyzer or blood level test for all patients enrolled into the study. As an additional 
shortcoming, the possible confounding effects of pain, and analgesic and antiemetic 
medication, on the acute consequences of MTBI were not controlled. Finally, a few 
weaknesses regarding the outcome assessment should be noted. The RPQ is a gross 
outcome measure, which grades common symptoms that are not specific to MTBI 
and it is susceptible to distorting effects. The time points of outcome assessment 
were infrequent. Supplementary assessment between one and six months would 
have been beneficial for more thoroughly characterizing the symptom trajectory 
following MTBI.  

11.7 Future Prospectives

In the future, case-control studies with more generalizable and larger patient samples 
are needed to verify our SCAT2 findings. Moreover, ground-level falls among elderly 
patients are one of the leading causes of hospital admissions, as well as TBI-related 
morbidity and mortality. Future research should be focused on finding preventable 
risk factors of these injuries.   
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12 CONCLUSIONS

Many MTBI studies recruit fundamentally biased samples that are not generaliza-
ble to the population of people who sustain a MTBI. For example, older adults with 
pre-existing psychiatric and neurological problems are frequently seen in the ED 
because of an MTBI, but they are often excluded from the studies. Studying strictly 
selected samples is often necessary, but such studies have serious limitations in terms 
of translating research findings into everyday clinical practice. Also, the use of diverse 
inclusion/exclusion criteria limits one’s ability to compare findings across studies. Selec-
tion bias should be carefully acknowledged and discussed in studies involving MTBI. 

GLF is a prominent cause of MTBI. GLFs should not be underestimated as a 
serious causal mechanism for TBI. They are especially common in the elderly, who 
are often excluded from MTBI studies. Age and chronic alcohol abuse are associated 
with more frequent lesions on acute CT scanning following GLFs. Being found on 
the ground is also associated with an increased incidence of acute lesions. 

In the ED, the SCAT2 Symptom Score and the SAC appear useful for detecting 
acute MTBI-related symptoms and cognitive impairment, refining prognosis, and 
monitoring recovery in civilian trauma patients. The SCAT2 Symptom Score was 
better than the MACE symptom scale in discriminating patients with MTBI from 
controls. Emergency clinicians evaluating a patient with an MTBI within the first few 
days post-injury should consider including the SCAT2/SCAT3 or its key components 
as part of their assessment. 

Finally, the clinical diagnostic criteria for MTBI are not related to functional 
outcome of MTBI. None of these factors were meaningfully associated with traumatic 
findings on neuroimaging. The clinical relevance of RA in the evaluation of acute 
MTBI seems minor. In regards to MTBI outcome, RA was not associated with 
post-concussion symptoms or time to RTW.
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Who Gets Recruited in Mild Traumatic
Brain Injury Research?

Teemu M. Luoto,1 Olli Tenovuo,2 Anneli Kataja,3 Antti Brander,3

Juha Öhman,1 and Grant L. Iverson4

Abstract

Selection bias, common in traumatic brain injury research, limits the clinical usefulness and generalizability of study

findings. The purpose of this study was to examine the effect of different inclusion and exclusion criteria on patient

enrollment, and the implications for generalizability, in a mild traumatic brain injury (MTBI) study. The study was

conducted at the emergency department (ED) of Tampere University Hospital. Our aim was to study outcome from MTBI

in patients who do not have pre-existing conditions or other confounding factors. For this, all consecutive patients with

acute head trauma (n = 1344) were screened. The study design included three inclusion criteria and nine exclusion criteria.

The World Health Organization Collaborating Center for Neurotrauma Task Force criteria for MTBI were used. Of all

patients screened, 934 (69.5%) fulfilled the MTBI criteria. For those fulfilling the MTBI criteria, various inclusion and

exclusion criteria were applied in order to yield those eligible for the outcome study. Applying these criteria excluded

95.1% of MTBI patients, leaving only 46 patients in the final sample. The final sample and the excluded patients with

MTBI significantly differed in age, mechanism of injury, and injury severity characteristics. Many studies recruit fun-

damentally biased samples that are not generalizable to the population of persons who sustain an MTBI. Studying

carefully selected samples is often necessary to address specific research questions, but such studies have serious limi-

tations in terms of translating research findings into clinical practice.

Key words: head trauma; selection bias; traumatic brain injury

Introduction

Selection bias, common in traumatic brain injury (TBI)

research, limits the clinical usefulness and generalizability of

study findings.1–7 The term ‘‘selection bias’’ is applied to many

biases, including bias relating to the selection of controls in case-

control studies, bias resulting from differential loss-to-follow-up,

incidence–prevalence bias, volunteer bias, healthy-worker bias,

and non-response bias. The general consequence of selection bias is

that the association between exposure and outcome among those

selected for inclusion differs from the association in the population

from which the sample was selected.8

Because of limited resources, extensive costs, and confound-

ing factors in TBI research, it is uncommon for researchers to

attempt to study a sample that is truly representative of the

population of persons who sustain TBIs. Exclusion criteria typ-

ically are used to reduce the adverse effects of confounding

variables. Exclusion criteria, however, inevitably produce se-

lection bias and compromise generalizability. Also, by elimi-

nating the effects of confounding factors, such as pre-injury

psychiatric and substance abuse problems, the overall results

might be skewed, overestimated, or underestimated, depending

on the research question.

Research in TBI is fraught with methodological challenges,

largely related to the heterogeneity of (1) the people who are in-

jured; (2) the biomechanics, injury severity characteristics, and

pathophysiology; and (3) the short-, medium-, and long-term out-

comes of those who are injured.9–11 The International Mission for

Prognosis and Analysis of Clinical Trials (IMPACT) in TBI project

recommends handling heterogeneity with statistical methods,

mainly covariate adjustment, and to use broad inclusion criteria in

TBI studies.12 The major goal of their recommendations is to

maximize recruitment rates and enhance generalizability of results.

In contrast to these recommendations, many studies tend to use

strict enrollment criteria in an attempt to decrease the inherent

heterogeneity of the population. Researchers often exclude patients

with pre-existing problems (e.g., mental health, neurological,

substance abuse, personality disorders), even though these patients
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have the highest prognostic risk to have prolonged post-concussion

symptoms.13–19

Two previous studies have systematically examined selection

bias in TBI research. McCullagh and colleagues5 studied the effect

of pre-morbid factors and injury severity on study participation, and

how study participation reflects health care utilization in a mild

traumatic brain injury (MTBI) sample. Those who participated in

the study had more serious injuries and higher rates of health care

utilization, but pre-morbid factors did not differ between those who

did and did not participate. Slieker and associates7 illustrated the

importance of screening logs in the assessment of selection bias

using two large randomized clinical trials conducted in TBI. This

study highlighted the detrimental effects of strict enrollment cri-

teria on the generalizability of study findings. The present de-

scriptive study illustrates the effect of different inclusion and

exclusion criteria on patient enrollment, and the implications for

generalizability, in an MTBI study.

Methods

Study frame and ethics

This work is a part of the prospective Tampere Traumatic Head
and Brain Injury Study. All the data are recorded in a separate
secure internet-based brain injury registry, which includes all
patients with head injury who undergo CT at the emergency
department (ED) of Tampere University Hospital. Criteria for
treatment, and indication for acute head CT, are based on the
Scandinavian guidelines for initial management of minimal, mild,

and moderate head injuries.20 Ethics approval for the study was
obtained from the Ethical Committee of Pirkanmaa Hospital
District, Finland.

Participants

Participants were enrolled from the ED of the Tampere Uni-
versity Hospital, between August 2010 and July 2011. The ED
provides health services for a joint municipal authority of 22 mu-
nicipalities (both urban and rural), with a total of approximately
470,000 residents. All consecutive patients with head CT because
of acute head trauma (n= 1344) form the initial population of this
study. A non-contrast head CT was performed with a 64-row CT
scanner (GE, Lightspeed VCT, Milwaukee, WI).

Data collection

All consecutive patients with head CT from acute head injury
were screened to obtain a sample of working-age adults without
pre-injury problems who had sustained a ‘‘pure’’ MTBI, who
probably could be reached for an outcome visit, and who were
without known communication problems. The screening protocol
included three inclusion criteria and nine exclusion criteria as de-
scribed in Table 1.

Two research assistants monitored the ED and hospital wards on
a daily basis to identify new admissions. Hospital records of dis-
charged patients were screened. If the study inclusion and exclusion
criteria were met, the patients were approached while in the ED or
within a few days (maximum 4 days) of injury by telephone, if yet
discharged.

Table 1. Inclusion and Exclusion Criteria Applied to the Study Population

Inclusion criteria Description Reason for applying criteria

Age between 18 and 60 years At the time of injury Study focused on working-age adults
Resident of hospital district Pirkanmaa hospital district Location of treatment is determined by residency
MTBI criteria WHO Collaborating Centre for Neurotrauma

Task Force on MTBI
Internationally used and recognized criteria

Exclusion criteria Description Reason for applying criteria

Premorbid neurological
problems

Brain tumor, degenerative, cerebrovascular or
demyelinating disease, cerebral palsy
or atrophy, white matter lesions, epilepsy

Minimize co-morbid factors influencing
outcome from MTBI

Premorbid psychiatric
problems

Chronic alcohol or substance abuse, psychiatric
problems (e.g., mood somatoform, personality
or anxiety disorders, schizophrenia spectrum
and other psychotic disorders) or developmental
disorders

Minimize co-morbid factors influencing
outcome from MTBI

Past TBI A head injury meeting at least MTBI criteria Exclude the cumulative effects of prior head
injuries

Regular psychoactive
medication use

Drugs classified in the N-group in the Anatomical
Therapeutic

Chemical Classification System

Exclude the possible effects of medication on
symptom reporting and cognitive
performance

Neurosurgery Craniotomy or intracranial endovascular procedure Exclude subjects with eventual intracranial
pre-injury lesions

Problems with hearing
or vision

Hearing deficiency, BEHL (better ear hearing
level) 0.5–4 kHz ‡ 40 dB

Sensory deficits can impair performance
on neuropsychological testing

Poor vision, 0.3 or less with glasses
> 72 hours from the
injury at arrival

Time interval between head injury and arrival to the ED Study focused on acute MTBI

First language other
than Finnish

All study tests and procedures were in Finnish

Declined to participate Applied on for patients meeting all other study criteria A written informed consent was not received

MTBI, mild traumatic brain injury; TBI, traumatic brain injury; WHO, World Health Organization.
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MTBI was defined according to the criteria proposed by the
World Health Organization (WHO) Collaborating Centre for Neu-
rotraumaTask Force onMild Traumatic Brain Injury,21 whereMTBI
is an acute brain injury resulting frommechanical energy to the head
from external physical forces. Operational criteria include (1) one or
more of the following: confusion or disorientation, loss of con-
sciousness for 30 minutes or less, post-traumatic amnesia for less
than 24 hours, and/or other transient neurological abnormalities such
as focal signs, seizure, and intracranial lesion not requiring surgery;
and 2i) Glasgow Coma Scale score of 13–15 after 30min post-injury
or later on presentation for health care. These manifestations of
MTBImust not be because of drugs, alcohol, medications, caused by
other injuries or treatment for other injuries (e.g., systemic injuries,
facial injuries, or intubation), caused by other problems (e.g., psy-
chological trauma, language barrier, or coexisting medical condi-
tions), or caused by penetrating craniocerebral injury.

Data collection was performed retrospectively from hospital
records. Participant-related data included age, sex, and the reasons
for exclusion. Injury-related variables included time of injury, time
of arrival to the ED, mechanism of injury, and alcohol and/or
narcotics intoxication (breathalyzer and/or blood test) at the time of

injury. The mechanism of injury was categorized as car accidents,
motorcycle accidents, moped accidents, pedestrians struck by a
vehicle, sports-related injuries, bicycle accidents, falls from a
height, ground-level falls, violence-associated accidents, and other
events, such as objects striking the head. Assessed clinical variables
were eye-witnessed loss of consciousness (LOC), seizures, disori-
entation, retrograde and/or anterograde amnesia, and focal neuro-
logical deficits. The on-call physician identified amnesia using an
interview regarding pre- and post-injury events. Only the presence
or absence of amnesia was noted—the duration of amnesia was not
assessed. No structured forms or standardized measures for am-
nesia were used. Destination after ED was categorized into four
groups: home, hospital ward, local health center, or death. All head
CT scans were analyzed and systematically coded by two radiol-
ogists for the presence of acute traumatic lesions (A.B., A.K.).

Statistical analyses

Statistical analyses were guided by a biostatistician. Mann-
Whitney U tests were computed for continuous variables and
Pearson chi-square-tests for categorical variables. SPSS 19.0

FIG. 1. The cumulative effect of study inclusion/exclusion criteria on the sample size.
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(SPSS Inc., Chicago, IL) was used to perform all statistical ana-
lyses. The statistical significance level was set to p < 0.05 for all
analyses.

Results

The mean age of the entire screened sample (n= 1344) was 55.6
years (median = 57.0, interquartile range = 36.0–78.0, range = 0–99
years), and the majority of the patients (55.9%; n = 751) were male.

Ground-level fall was the mechanism of injury in 691 (51.4%)

cases. In addition, there were 130 (9.7%) car accidents, 25 (1.9%)

motorcycle accidents, 10 (0.7%) moped accidents, 14 (1.0%) pe-

destrians struck by vehicle, 36 (2.7%) sports-related injuries, 57

(4.2%) bicycle accidents, 157 (11.7%) falls from a height, 97

(7.2%) violence-associated accidents, and 94 (7.1%) other events.

The mechanism of injury was unknown in 32 (2.4%) patients. Of

the whole cohort, 472 (35.1%) patients were admitted to a hospital

ward after the ED visit. Follow-up treatment at a local health center

was required for 281 (20.9%) of the participants. Five hundred and

forty-two (40.3%) patients were discharged home from the ED. The

mortality rate was 1.9% (n= 25).
The cumulative effect of study criteria on the sample size in the

screening process is shown in Figure 1. The number of patients

with co-occurring exclusion criteria is presented in Table 2 (i.e.,

the frequency and percentage of participants who meet more than

one exclusion criteria). Of all patients screened (n = 1344), 934
(69.5%) fulfilled the MTBI criteria, the rest having a more severe

TBI (n = 108, 8.0%) or a head trauma without signs of brain injury

(n = 302, 22.5%). Patients with MTBI were divided in two groups:

excluded MTBI (n = 888) and final MTBI sample (n = 46). The
final MTBI sample consisted of patients who met all the study

criteria after applying the inclusion and exclusion criteria listed in

Table 1. Statistical comparisons were performed between these

two groups in relation to injury-related and clinical variables.

Statistically significant difference was found in age, mechanism

of injury, alcohol intoxication, narcotics intoxication, LOC, am-

nesia, and disorientation. No significant difference was evident

in sex or acute head CT findings. Detailed results are shown in

Table 3.

Age, pre-morbid neurological, and pre-morbid psychiatric

problems were the three most common reasons for exclusion in

patients with MTBIs. Patients who did not meet the age criteria

were significantly more likely to show disorientation (32.3 vs.

25.3%, p= 0.015) and traumatic CT findings (23.1 vs. 17.7%,

p = 0.015), but less likely to have LOC (18.1 vs. 27.9%, p< 0.0001)
or amnesia (20.5 vs. 28.9%, p< 0.0001) than patients who met the

age criteria. The patients with pre-morbid neurological problems

had markedly lower incidence of amnesia (15.8 vs. 27.1%,

p < 0.0001) than those without pre-morbid neurological problems.

The presence or absence of pre-morbid psychiatric disorders had no

association with clinical MTBI signs.

Discussion

Many studies in MTBI apply strict enrollment criteria to focus

on a more homogeneous group of patients. This approach improves

internal validity and enhances the prospect of detecting differences

between groups, but limits recruitment and compromises the gen-

eralizability of findings.7 The effect of strict enrollment criteria on

recruitment and on the resulting selection of patients has not been

reported for a pure MTBI sample. We observed substantial effects

of study enrollment criteria on the recruitment rate and the gener-

alizability of results.
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The most striking finding from this study is the general influence

on enrollment: by applying strict study criteria, we enrolled only

3.4% of all consecutively screened patients—and only 4.9% of

those with MTBIs. By focusing on working-age adults, who sus-

tained an acute MTBI, and who had no confounding pre-existing

medical, psychiatric, or neurological problems, we excluded 91.1%

of consecutive patients with acute head injury and suspected TBI.

Almost a third (30.5%) of all patients did not meet the MTBI

criteria. Other major factors for exclusion were age (51.8%), pre-

injury neurological problems (22.5%), and pre-injury psychiatric

problems (27.5%). Patients with at least one of these four factors

comprise 88.4% of the excluded population.

In this study, we excluded the patients who form the majority of

victims seen in clinical practice; these patients are at increased

risk for poor outcome.13–19 By excluding patients with pre-ex-

isting conditions and trying to focus purely on the consequences

of MTBI, we end up studying a small, non-representative sub-

group of patients who do not have known risk factors for poor

outcome.13–19 This may be a valid approach if we want to study

the consequences of MTBI in their purest sense, but the limita-

tions caused by a tight selection have to be borne in mind in

drawing clinical conclusions.

Our second principal finding was that choosing patients with

very strict criteria for an MTBI study produced a group that sig-

nificantly differed from the source population in several ways. The

presence of LOC, amnesia, and disorientation was more common in

the final MTBI sample compared with the excluded MTBI sample.

This difference can be partly, if not mostly, explained by the

methods used in data collation. The clinical signs of excluded pa-

tients were assessed retrospectively using mainly patient records,

whereas enrolled patients were prospectively evaluated by the first

author. Without doubt, the prospective study examination was

more accurate and comprehensive than the retrospective one.

The research evaluation aimed to gather detailed data for sci-

entific purposes whereas the content of patient records is driven by

a more straightforward approach of medical documentation. The

results also show that pre-morbid neurological problems and age

markedly are related to the presence of clinical signs. Among the

excluded patients with MTBI, ground-level fall (56.9%) was the

most prominent mechanism of injury. In contrast, in the final MTBI

sample, the majority of MTBIs were caused by different types of

road traffic accidents (34.8%). Generally, ground-level falls are

considered an injury of low acuity,22 especially in comparison with

the road traffic accidents. Nonetheless, a recent study23 showed that

ground-level falls should be considered a serious causal mechanism

for TBI, especially among older adults.

Despite fairly extensive material and detailed data collection,

this study has obvious limitations in three areas. First, clinical

variables regarding excluded patients were mainly collected ret-

rospectively from hospital records and some relevant information

was missing. This might have influenced both the number of dif-

ferent criteria and the significance of the comparisons of clinical

MTBI signs. Second, it is impossible to control the heterogeneity of

decision-making on CT scanning in the ED by the on-call physi-

cian. The Scandinavian guidelines for initial management of min-

imal, mild, and moderate head injuries were used in the ED, but it is

likely that these were not followed consistently. Therefore, the

sample includes patients that would not have needed a CT scan

according to these guidelines. On the other hand, we probably

missed some patients who should have undergone a CT scan but

were discharged without imaging. Finally, the study examined only

hospital-treated patients with MTBI, and no estimates were

Table 3. Comparison Between Excluded Patients and the Final Sample

for the Mild Traumatic Brain Injury Outcome Study

Excluded MTBI Final MTBI sample p
n= 888 n= 46

Mean age, years (SD) 57.4 (24.6) 36.5 (12.4) < 0.0001
Sex, % (n) 0.314

Male 55.4 (492) 47.8 (22)
Female 44.6 (396) 52.2 (24)

Mechanism of injury, % (n) < 0.0001
Ground-level fall 56.9 (505) 13.0 (6)
Car accident 6.4 (57) 19.6 (9)
Motorcycle accident 1.7 (15) 2.2 (1)
Moped accident 0.9 (8) -
Pedestrian struck by vehicle 0.9 (8) -
Sports-related injury 2.4 (21) 15.2 (7)
Bicycle accident 4.5 (40) 13.0 (6)
Fall from a height 11.1 (99) 19.6 (9)
Violence 7.0 (62) 4.3 (2)
Other event 6.1 (54) 13.0 (6)
Unknown 2.1 (19) -

Intoxication, % (n)
Alcohol 23.8 (211) 8.7 (4) < 0.0001
Narcotics 0.7 (6) - < 0.0001

MTBI signs, % (n)
LOC 25.7 (228) 41.3 (19) 0.019
Amnesia 31.1 (276) 73.9 (34) < 0.0001
Disorientation 34.8 (309) 63.0 (29) < 0.0001
Acute traumatic lesion on head CT 20.8 (185) 10.9 (5) 0.102

MTBI, mild traumatic brain injury; SD, standard deviation; LOC, loss of consciousness; CT, computed tomography.
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available for patients treated outside the hospital. There may be

significant regional differences in how and where patients with

MTBI receive a diagnosis and are treated, which may influence the

generalizability of these results to other health care systems. This

study was conducted in a three-level publicly funded health care

system, where in practice, all MTBI patients who are considered to

need an acute head CT are evaluated at the study hospital.

Conclusion

Many studies recruit fundamentally biased samples that are not

generalizable to the population of persons who sustain a MTBI. For

example, older adults with pre-existing psychiatric and neurolog-

ical problems are frequently seen in the ED because of an MTBI,

but they are often excluded. Studying strictly selected samples is

often necessary, but such studies have serious limitations in terms

of translating research findings into everyday clinical practice.

Also, the use of diverse inclusion/exclusion criteria limits one’s

ability to compare findings across studies. Selection bias should be

carefully acknowledged and discussed in studies involving MTBI.
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Acute Assessment of Brain Injuries in
Ground-Level Falls
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Objective: The purpose of this study was to characterize traumatic brain injuries (TBI) sustained in ground-level
falls (GLFs). The focus was on factors associated with acute computed tomographic (CT) findings. Methods: The
sample included 575 subjects examined and treated at the Tampere University Hospital emergency department
(ED). Retrospective data collection consisted of subject- and injury-related data and clinical information from the
emergency department. All CT scans were analyzed and systematically coded. Results: Ground-level falls were
the mechanism of injury in 48.3% (n = 278) of the subjects. In the GLF group, independent risk factors for acute
traumatic CT findings were long-term alcohol abuse, older age, being found on the ground, and left temporoparietal
and occipital location of direct head impact. There were no significant differences in the incidence of any intracranial
traumatic lesion type between those with GLFs and other causes of TBI. None of the classic clinical TBI severity
markers studied were associated with acute traumatic CT findings in patients with GLFs. Conclusions: Older age and
long-term alcohol abuse increase the likelihood of acute intracranial CT abnormalities. The pattern of intracranial
traumatic CT findings does not differ from other causes of TBI. Clinical signs and indices of TBI severity did not
predict traumatic CT findings. Key words: computed tomograhpy, risk factors, traumatic brain injuries

A GROUND-LEVEL FALL (GLF) is a common
cause of traumatic brain injury (TBI), especially

among the older adults.1 Patients injured in GLFs are
often not seen by trauma services unless other injuries
than an isolated head injury are discovered. Similarly,
falls from up to 20 feet are sometimes considered mild
injuries unless obvious orthopedic or neurological in-
juries occur.1 However, it has been shown that even a
low-energy trauma may cause significant injuries, espe-
cially intracranially.1–5 According to a literature review,
an intracranial lesion visible on head computed tomo-
graphic (CT) scan could be expected in 13.2% of patients
who present to the emergency department (ED) with a
TBI due to any cause.6,7 In a recent large study, the in-
cidence of traumatic lesions in acute head CT scan was
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20% after a fall from the standing position (ie, a GLF).2

The risk of falling among the older adults increases
with older age, poor nutritional status, presence of
chronic diseases, and use of certain medications.8–10

Fall-related TBI deaths among the older adults (≥65
years) accounted for 50.3% of all unintentional fall-
related deaths in the United States in 2005.3 Falls and
fall-related injuries are common among the older adults
according to several studies.11–14

In developed countries, the improvement in motor
vehicle safety has been associated with a reduced inci-
dence of TBIs in traffic accidents—highlighting the num-
ber of TBIs accounted for by other types of accidents,
including GLFs.15 However, factors affecting the risk of
brain injury due to falling are not definitive and studies
have examined GLFs from different perspectives. In ad-
dition, various combinations of sociodemographic fac-
tors, injury factors, and preexisting medical conditions
have been associated with the risk of TBI in different
mechanisms of injury. At present, there are very few
published studies focusing on factors associated with
TBI due to GLFs.2,4

An important management issue following head
trauma is determining the need for an emergency head
CT scan. The indications for acute head CT scan are
widely studied and published, and several guidelines
have been established, such as the Canadian CT Head
Rule,16 the National Institute for Health and Clinical
Excellence criteria,17 and New Orleans Criteria.18 In the
Canadian CT Head Rule, the investigators concluded

1
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that CT in mild TBI is indicated only in those pa-
tients with 1 of the 5 high-risk factors: failure to reach a
Glasgow Coma Scale (GCS) score of 15 within 2 hours of
injury, suspected open skull fracture, sign of basal skull
fracture, vomiting more than once, or age older than
64 years. The National Institute for Health and Clinical
Excellence criteria recommends urgent CT scan if any
of the following occurs: GCS score less than 13 when
first assessed or GCS score less than 15, 2 hours after
injury; suspected open or depressed skull fracture; signs
of base of skull fracture; posttraumatic seizure; focal
neurological deficit; more than 1 episode of vomiting,
coagulopathy, and any amnesia or loss of consciousness
(LOC) since injury. The New Orleans Criteria are the
result of a derivation study which was then validated
prospectively and the authors identified 7 predictors
of abnormal CT scan findings: (1) headache (any head
pain), (2) vomiting, (3) age older than 60 years, (4) in-
toxication, (5) deficit in short-term memory (persistent
anterograde amnesia), (6) physical evidence of trauma
above the clavicles, and (7) seizure. Absence of all 7
findings had a negative predictive value of 100%.19

Although there is considerable concern about exces-
sive costs, a liberal use of short-term CT for patients
with mild TBI seems to be cost-effective. Stein and
colleagues6 evaluated the cost-effectiveness of CT scan-
ning in patients with mild TBI and reported that the
policies of scanning all patients or selectively using the
Canadian CT Head Rule were the best alternatives. Out-
come measures in the study were average years of life,
quality of life, and costs.6 Similarly, a large randomized
controlled trial compared the costs of immediate CT
and admission for observation in mild TBI and found
acute imaging more cost-effective.20 Therefore, from a
cost perspective, it seems reasonable to perform a head
CT scan on patients following GLFs, although GLFs are
considered an injury mechanism of low acuity.2

The purpose of this study was to comprehensively
examine and characterize individuals with brain injury
sustained in GLFs. The main focus was on factors asso-
ciated with acute CT findings.

MATERIALS AND METHODS

Study design and ethics

This work is a part of the Tampere Traumatic Head
and Brain Injury Study. All the data were recorded in
a separate secure Internet-based brain injury registry,
which includes all patients with head injury who un-
dergo CT at Tampere University Hospital ED specialist
unit. Criteria for treatment in the specialist unit, and
indication for acute head CT, was based on the Scan-
dinavian guidelines for initial management of minimal,
mild, and moderate head injuries.21 Ethics approval for

the study was obtained from the ethical committee of
Pirkanmaa Hospital District, Finland.

Subjects

The original sample, derived from the brain injury
registry, included 579 subjects who had suffered a TBI
of any severity and were examined and treated at the
Tampere University Hospital ED’s specialist unit be-
tween August 2010 and January 2011. Traumatic brain
injury was defined as the presence of at least 1 of the
following: amnesia of any duration, LOC of any dura-
tion, posttraumatic disorientation or confusion, or focal
neurological abnormality. The ED provides health ser-
vices for Pirkanmaa Hospital District, which is a joint
municipal authority of 22 municipalities with a total
of approximately 470 000 residents. The study patients
comprise a consecutive community-based sample of the
Finnish population. Patients younger than 10 years were
excluded leaving a final sample size of 575. The age dis-
tribution was skewed (n = 575, median = 58 years, in-
terquartile range = 42 [11-96]), and the majority of the
patients (55.5%; n = 319) were men. The 10-year age
group frequencies are shown in Figure 1. An emergency
noncontrast head CT scan was performed for all patients
in the ED with a 64-row CT scanner (Lightspeed VCT;
GE, Wisconsin).

Data collection

A retrospective analysis of the brain injury registry was
undertaken to identify patients with TBI and GLF as the
mechanism of injury (n = 278). Ground-level fall was de-
fined as a fall from the standing level and no height
difference between the standing and head impact level
was evident. Other causes of injury were categorized to
car accidents, motorcycle accidents, moped accidents,
traffic accidents as a pedestrian, sports-related accidents,
bicycle accidents, falls from a height, violence-associated
accidents, and other events, such as objects striking the
head. Data collected from the registry included subject-
and injury-related data and clinical information from
the ED. Medical (including psychiatric) conditions were
assessed according to the International Classification of
Diseases, Tenth Revision.22 Information on current med-
ication at the time of injury was classified into 17 sub-
groups according to Finnish Commercial Drug Catalog
(Pharmaca Fennica, Pharmaceutical Information Centre
Ltd, Helsinki, Finland), which is based on World Health
Organization’s Anatomical Therapeutic Chemical Clas-
sification System codes. Subject-related data included
age, gender, long-term alcohol and/or narcotic abuse
within 2 years before injury, and possible prior brain
injuries. Chronic alcohol abuse was defined according to
the International Classification of Diseases, Tenth Revision,
codes F10.1 and F10.2. The causes of GLF were divided
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Figure 1. Ten-year age group frequencies (%).

into following subgroups: slip, stumble, external force,
seizure, found on the ground, vertigo or collapse of un-
known reason, and other causes of falling. The group-
ing was based on terms and descriptions of the injury
mechanism used by on-call physicians in the ED. Falls
from stairs or from any height were not considered as
GLFs. Alcohol (breathalyzer or blood test) and/or nar-
cotic intoxication (blood test) during injury and location
of direct head impact were recorded as injury-related
data. Clinical variables assessed were GCS score in the
ED, eye witnessed LOC, seizures, disorientation, and
retrograde and/or anterograde amnesia. On-call physi-
cians identified amnesia during an interview regarding
pre- and posttraumatic events. Only the presence or ab-
sence of amnesia was noted, the duration of amnesia
was not assessed. No structured forms to measure am-
nesia were used. Destination after ED was categorized
into 4 groups: home, hospital ward, local health center,
or death.

Computed tomography

All CT scans were analyzed and systematically coded
by the 2 radiologists (A.B. and A.K.) of the study.
Computed tomography findings were categorized as
acute or chronic. Acute lesions included subdural
hematoma and effusion, epidural hematoma and
effusion, diffuse axonal injury lesions, edema, compres-
sion of the cerebrospinal fluid spaces, midline shift,
hemorrhagic contusion, nonhemorrhagic contusion,
hydrocephalus, air in the intracranial space, skull
fracture, fracture of the facial bones, posttraumatic
subarachnoid hemorrhage, nontraumatic intracranial
hemorrhage, and acute ischemia. Chronic CT findings
were recorded from the acute CT scan performed in
the ED. The subgroup of chronic findings consisted

of ischemic lesions, posttraumatic lesions, microan-
giopathy, general atrophy, and brain neoplasms.
Location, number, and size were also defined for
most lesions. Time intervals between the injury, ED
admission, and CT scan were calculated in hours.

Statistical analyses

Statistical analyses were guided by a biostatistician.
Mann-Whitney U tests were computed for linear vari-
ables and Pearson χ2 tests for categorical variables. The
Benjamini and Liu procedure was used to control for
false discovery rate (FDR).23 Variables with clinical in-
terest and relevance were placed into a binary logistic
regression model to determine eventual independent
risk factors. Adjustment for confounding variables was
made by including age at the time of injury in the model.
Comparisons between patients with GLF and those who
suffered a TBI due to some other causes were made using
the tests described above. SPSS 19.0 (SPSS Inc, Chicago,
Illinois) was used to perform all statistical analyses. Odds
ratios were calculated with 95% confidence intervals,
and the statistical significance level was set at 5% for
all analyses. Also FDR corrected P values were used in
multiple pairwise comparisons.

RESULTS

Subject characteristics

Of the 575 included patients, 278 (48.3%) had sus-
tained a GLF. In addition, there were 63 (11.0%) car ac-
cidents, 4 (0.7%) motorcycle accidents, 4 (0.7%) moped
accidents, 11 (1.9%) traffic accidents as a pedestrian, 21
(3.7%) sports-related accidents, 16 (2.8%) bicycle acci-
dents, 80 (13.9%) falls from a height, 39 (6.8%) violence-
associated accidents, and 48 (8.3%) other events. The

www.headtraumarehab.com
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mechanism of injury was unknown in 11 (1.9%)
patients. Of the whole cohort, 208 patients (36.2%) were
admitted to a hospital ward after the ED visit and 38.5%
of these (n = 80) were GLF patients. In the GLF group,
significantly more men were admitted to a hospital ward
than women (40.3% vs 18.1%, P < .0001), nevertheless
women were considerably older (median 78 vs 61 years,
P = .006). Neurosurgical intervention was required for
34 (5.9%) patients, and 15 (44.1%) of these were GLF pa-
tients. Follow-up treatment at a local health center was
required for 116 (20.2%) of the subjects, and the major-
ity of these (81.9%, n = 95) had suffered a GLF. Two
hundred thirty-seven patients (40.9%) were discharged
home from the ED, and of these, 40.0% (n = 94) were
patients with GLF. The mortality rate was 0.9% (n = 5),
one of these had suffered a TBI because of a GLF.

Relation between background variables and acute
CT findings

The associations between subject-related, injury-
related, and clinical variables with acute CT findings
within the GLF group were analyzed by indepen-
dence tests (Mann-Whitney U and Pearson χ2 test).
Male gender (P = .039) and long-term alcohol abuse
(P = .013) were significantly associated with acute CT
findings. Of the long-term alcohol abusers, 78.8% were
men. A trend toward an increased risk of short-term CT
findings was also found in patients with a prior brain in-
jury (P = .055), occipital or temporal locations of direct
head impact (P = .053), and in those who were found
on the ground because of falling (P = .051). Age, time
interval between injury and CT scan, time interval be-
tween ED admission and CT scan, alcohol intoxication
during injury, narcotic intoxication during injury, GCS,
LOC, amnesia, seizures, disorientation, regular medica-
tion, chronic diseases, and long-term narcotic abuse were
not significantly associated with acute CT lesions. Gen-
der and long-term alcohol abuse were not statistically
significant after FDR correction (FDR starting threshold
P = .002, 18 variables).

Regression analysis

Binary logistic regression analysis was used to identify
independent predictors of acute CT findings in the
GLF group. These results are presented in Table 1.
Long-term alcohol abuse, left temporoparietal and
occipital location of direct head impact, being found on
the ground, and age at the time of injury (P < 0.05) were
independently associated with acute CT findings. For
the model, the Hosmer-Lemeshow P value was .515 and
Nagelkerke r2 was 0.264. Receiver operating characteris-
tic area under the curve for the model’s predicted prob-
ability was 0.761. Link test was performed, and it did
not indicate any specification error. Multicollinearity

between model covariates was tested, and no collinearity
was detected (all variance inflation factor values <2.0).

Analysis of independent risk factors

A more detailed analysis (Mann-Whitney U and
Pearson χ2 tests) was made to assess the associations
between the 6 positive independent predictors described
earlier and specific acute CT findings within the GLF
group. Long-term alcohol abuse was associated with
more frequent subdural hematomas and effusions (P =
.015), hemorrhagic contusions (P = .001), and air in the
intracranial space (P = 0.038). Male gender predicted a
higher incidence of subdural hematomas and effusions
(P = .009), compression of the cerebrospinal fluid spaces
(P = .005), midline shift (P = .004), hemorrhagic contu-
sions (P = .001), hydrocephalus (P = .037), air in the in-
tracranial space (P = .037), posttraumatic subarachnoid
hemorrhages (P = .007), and nontraumatic hemorrhages
(P = .022). The GLF group was divided into 2 age
groups according to the median age of 71 years. When
comparing the incidence of acute CT finding between
these age groups, the 2 groups did not differ (P = .72).

Comparisons between 2 groups: GLFs versus other
causes of injury

Statistically significant differences between subjects
with GLFs and other causes of injury were seen in
regard to age (P < .001), gender (P = .001), time interval
between injury and CT scan (P < .001), time interval be-
tween ED admission and CT scan (P = .001), diagnosed
chronic diseases (P < .001), use of regular medication
(P < .001), location of direct head impact (P < .001),
presence of LOC (P < P.001), and presence of chronic
lesions on CT scan (P < .001) (Table 2). In addition,
patients with GLF had fewer seizures (P = .004) and less
amnesia (P = .001), but were more often disoriented
(P = .02) than patients with other causes of TBI (Table 2).
After FDR correction, only disorientation lost statistical
significance (FDR threshold P = 0.014, 19 variables).

In general, acute CT abnormalities were equally com-
mon in patients with GLF as in those with other injury
mechanisms (P = .705). Of specific acute findings,
only skull fractures (P = .029) and facial bone fractures
(P = .001) differed between the groups, being more
prevalent in patients with other injury mechanisms.
Chronic CT findings were more common in patients
with GLFs (P < .001), with more specific differences
in old ischemic and posttraumatic lesions (P < .001),
microangiopathy (P < .001), and general atrophy (P <

.001) (Table 3). After FDR correction, all findings re-
mained significant with the exception of skull fractures,
for which the P value was at the FDR threshold (P =
.029, 23 variables).
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TABLE 1 Characteristics of CT findings by group

Ground-level falls
(n = 278, 48.3%)

Other cause
of injury

(n = 297, 51.7%) P

Whole
sample

(n = 575)

Acute findings, %(n) 21.6 (60) 22.9 (68) .705 22.3 (128)
Subdural hematoma and effusion 13.3 (37) 10.1 (30) .218 11.7 (67)
Epidural hematoma and effusion 0.4 (1) 1.7 (5) .120 1.0 (6)
DAI lesion 0 0.7 (2) .176 0.3 (2)
Edema 1.1 (3) 2.0 (6) .375 1.6 (9)
Compression of the CSF spaces 5.8 (16) 4.7 (14) .553 5.2 (30)
Midline shift 6.8 (19) 5.1 (15) .347 5.9 (34)
Hemorrhagic contusion 8.6 (24) 8.4 (25) .894 8.5 (49)
Nonhemorrhagic contusion 0.4 (1) 0.3 (1) .956 0.3 (2)
Hydrocephalus 0.4 (1) 0.3 (1) .226 0.3 (2)
Air in the intracranial space 0.4 (1) 0.3 (1) .226 0.3 (2)
Skull fracture 4.0 (11) 8.1 (24) .029a 6.1 (35)
Fracture of the facial bones 1.1 (3) 6.4 (19) .001 3.8 (22)
Posttraumatic subarachnoid hemorrhage 11.2 (31) 12.8 (38) .555 12.0 (69)
Nontraumatic hemorrhage 1.8 (5) 1.0 (3) .161 1.4 (8)
Recent ischemia 0.7 (2) 1.0 (3) .212 0.9 (5)

Chronic findings, %(n) 51.4 (143) 10.8 (32) <.001 30.4 (175)
Subdural hematoma and effusion 4.3 (12) 1.7 (5) .060 3.0 (17)
Preceding ischemic lesions 8.6 (24) 0 <.001 4.2 (24)
Preceding posttraumatic lesions 4.3 (12) 0 <.001 2.1 (12)
Microangiopathy 32.0 (89) 0 <.001 15.6 (89)
General atrophy 29.8 (83) 8.7 (26) <.001 18.9 (109)
Brain neoplasm 0 0.3 (1) .336 0.2 (1)

Abbreviations: CSF, cerebrospinal fluid; CT, computed tomography, DAI, diffuse axonal injury.
aNot statistically significant after false discovery rate correction.

DISCUSSION

The results of this study demonstrate that older adults
and long-term alcohol abusers are particularly vulnera-
ble to sustain intracranial injuries following GLFs. Being
found on the ground is associated with an increased in-
cidence of acute lesions. Traumatic brain injury severity
indicators and clinical findings (GCS, amnesia, LOC,
disorientation, seizures) were not independently reliable
indicators for acute CT lesions.

About one-fifth of the patients with GLF-related TBIs
had acute intracranial lesions visible on CT scans, which
is a very similar percentage as in an earlier study.2 Our
study showed that long-term alcohol abuse, older age,
left temporoparietal and occipital location of direct head
impact, and being found on the ground were indepen-
dent risk factors associated with acute CT lesions in
GLFs. A recent study with a comparable study design
identified greater Injury Severity Scores as the sole in-
dependent risk factor for TBI.2 That study also iden-
tified age older than 60 years and warfarin use as risk
factors in univariate models, with blood alcohol level
more than 80 mg/dL being close to significance. Their
study defined brain injury as the presence of intracranial
hematoma or contusion, which together with a different
population may explain the differences to our study.

An important result from our study was that there
were no significant differences in the incidence of any in-
tracranial acute CT findings between patients with GLFs
and other mechanisms of TBI. As such, GLFs as a mech-
anism of injury should not be taken lightly. Notably,
however, some intracranial lesions are known to develop
after a delay and therefore might not be seen in CT scans
performed shortly after trauma.24 In the GLF group, the
time interval before scanning was significantly longer,
so there is a possibility that this increased the incidence
of acute CT findings in the GLF group compared with
the group with other causes of injury. Moreover, certain
types of injury are more likely to occur during certain
seasons, so in countries with strong seasonal variation
(such as Scandinavian countries), there may be a skewed
distribution of injuries if the subjects are not collected
all-year round. In our study, the subjects were injured
between August and January, which probably explains
the low number of motorcycle and moped accidents.
Consequently, the mechanisms of injury might have
been different if the collection would have continued
for a whole year.

In this study, the clinical characteristics of TBI (ie,
amnesia of any duration, LOC of any duration, post-
traumatic disorientation, or seizures) were not associated
with more frequent acute CT findings in GLF patients.
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TABLE 2 Multivariable logistic
regression analysis of factors associated
with acute CT findings in GLFs

OR (95% CI) P

Age 1.04 (1.01–1.07) .006
Gender

Male vs femalea 1.34 (0.63–2.85) .448
Long-term alcohol abuse

Yes vs noa 4.16 (1.38–12.53) .011
Prior brain injury

Yes vs noa 2.46 (0.83–7.35) .106
Chronic CT Findings

Yes vs noa 0.44 (0.20–0.98) .044
Location of direct head

impact
Unknowna Reference .098
Frontal 1.67 (0.50–5.77) .403
Occipital 2.60 (1.03–6.56) .043
Right parietal 3.09 (0.27–35.73) .367
Right temporal 3.11 (0.90–10.79) .073
Left parietal 11.08 (1.02–119.83) .048
Left temporal 4.91 (1.62–14.87) .005

Cause of falling
Other cause of

fallinga
Reference .261

Slip 1.78 (0.44–7.16) .419
Tumble 0.23 (0.02–2.25) .205
Vertigo/collapse

of unknown cause
1.14 (0.33–3.98) .840

Seizure 0.27 (0.02–4.20) .349
External force 0.00 .999
Found on the

ground after head
injury

2.82 (1.10–7.26) .032

Alcohol intoxication
Unknown 1.34 (0.57–3.12) .501
Noa Reference .762
Yes 1.05 (0.30–3.69) .942

Amnesia
Unknowna .539
No 0.74 (0.23–2.33) .607
Yes 1.43 (0.57–3.61) .450

LOC
Unknowna .500
No 1.89 (0.57–6.28) .300
Yes 1.59 (0.56–4.50) .383

Seizure
Unknowna .355
No 0.49 (0.17–1.46) .202
Yes 1.62 (0.21–12.23) .640

Disorientation
Unknowna .558
No 0.62 (0.23–1.64) .334
Yes 0.95 (0.41–2.21) .904

Abbreviations: CI, confidence interval; CT, computed tomogra-
phy; GLFs, ground-level falls; LOC, Loss of consciousness; OR,
odds ratio.
aReference category.

This seems to be in contradiction with the head CT
guidelines presented earlier in this article because many
of these variables are listed as indications for emergency
CT. However, a limitation in our study is that a large
amount of information about injury severity character-
istics was missing or unattainable. Physicians in the ED
had not systematically reported the presence or absence
of these variables, although they are hallmarks of TBI
diagnostics. Moreover, a lot of information was missing
regarding alcohol and/or narcotic intoxication. Gener-
ally, these were only reported when present, and no
assumptions were made of the absence of intoxication
if the physician had not made a mention of the topic.
Nonetheless, the poor ability of clinical signs to predict
intracranial abnormalities has been reported in earlier
studies.25,26

Male gender was not identified as an independent risk
factor for acute CT findings within the GLF group. How-
ever, it had a significant association with several specific
types of acute CT findings. Long-term alcohol abuse
was strongly associated with the male gender, partially
explaining this risk effect.

The location of direct head impact seemed to be as-
sociated with the presence of acute CT findings within
the GLF group. Acute lesions were most common in
patients who had fallen hitting the occiput and the left
side of their head, perhaps because right-handed people
are less able to protect themselves when falling left.

When analyzing the cause of GLF, it was found that
patients found on the ground with no evidence of an
obvious mechanism of head trauma had more acute
CT lesions than the others. Long-term alcohol abuse
did not explain this finding, because only 15.2% of the
patients found on the ground after head trauma were
long-term alcohol abusers, compared with a compara-
ble percentage in the whole group of GLFs (18.7%). In
addition, there was no statistically significant association
between long-term alcohol abuse and the incidence of
acute CT lesions within the group of patients found
on the ground (results not shown). The median age (82
years) of the found down group was significantly higher
than in the rest of the GLF group (median 71 years), but
there was no difference in the presence of alcohol intox-
ication during injury between these groups (results not
shown). In an earlier study, patients “found down” were
evaluated for other bodily injuries.4 The study showed
that although a low-level fall (of less than 10 feet) is a
more serious mechanism of injury than GLFs or being
“found down,” the incidence of significant injuries was
still 26% for the “found down” and 28% for the GLF
group.4

Patients who sustained a TBI due to a GLF differed
considerably from those who suffered a TBI due to
some other cause. Patients with GLF had more frequent
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TABLE 3 Comparing ground-level falls to other mechanisms of injury

Ground-Level
Falls (n = 278,

48.3%)

Other Cause of
Injury (n = 297,

51.7%) P

Whole
Sample

(n = 575)

No
Information

Available

Age, ya 71 (15–96) 41 (11–94) <.001 58 (11–96) —
Gender, %(n)

Male 48.2 (134) 62.3 (185) .001 55.5 (319) —
Female 51.8 (144) 37.7 (112) .001 44.5 (256) —

Time interval between injury and
CT, ha

7.4 (0.9–300.4) 2.5 (0.4–135.0) <.001 4.0 (0.4–300.4) 213

Time interval between ED
admission and CT, ha

1.0 (0.1–97.2) 0.8 (0.0–163.0) .001 0.9 (0.0–163.0)

Diagnosed chronic diseases,
%(n)

86.7 (241) 58.2 (173) <.001 72.0 (414) 25

Regular medication, %(n) 74.8 (208) 45.5 (135) <.001 59.7 (343) 55
Long-term alcohol abuse (within

the last 2 years), %(n)
18.7 (52) 15.2 (45) .111 16.9 (97) 7

Long-term narcotic(s) abuse
(within the last 2 years), %(n)

3.2 (9) 4.4 (13) .476 3.8 (22) —

Prior brain injury, %(n) 10.1 (28) 9.8 (29) .902 9.9 (57) —
Location of direct head impact,

%(n)
<.001

Frontal 12.6 (35) 15.2 (45) 13.9 (80)
Right temporal 9.7 (27) 12.5 (37) 11.1 (64)
Left temporal 12.2 (34) 13.5 (40) 12.9 (74)
Right parietal 2.2 (6) 3.0 (9) 2.6 (15)
Left parietal 1.4 (4) 3.7 (11) 2.6 (15)
Occipital 34.9 (97) 15.2 (45) 24.7 (142)
Neck 0 1.3 (4) 0.7 (4)
Unknown 27.0 (75) 35.7 (106) 31.5 (181)

Alcohol intoxication, %(n) 23.0 (64) 22.6 (67) .504 22.8 (131) 253
Narcotic(s) intoxication 0.4 (1) 1.0 (3) .162 0.7 (4) 362
GCSa 15 (3–15) 15 (3–15) .834 15 (3–15) 264
LOC, %(n) 16.9 (47) 26.6 (79) <.001 21.9 (127) 263
Seizure, %(n) 3.6 (10) 5.4 (16) .004 4.5 (26) 334
Amnesia, %(n) 21.9 (61) 30.0 (89) .001 26.1 (150) 282
Disorientation, %(n) 32.4 (90) 21.2 (63) .020b 26.6 (153) 171
Acute lesions on CT scan, %(n) 21.6 (60) 22.9 (68) .705 22.3 (128) —
Chronic lesions on CT scan,

%(n)
51.4 (143) 10.8 (32) <.001 30.4 (175) —

Cause of ground-level fall, %(n)
Slip 6.8 (19)
Stumble 5.4 (15)
External force 2.2 (6)
Seizure 2.2 (6)
Found on the ground

after head injury
11.9 (33)

Vertigo or collapse of
unspecified reason

10.1 (28)

Other cause of falling 61.5 (171)

Abbreviations: CT, computed tomography; ED, emergency department; GCS, glassgow coma scale; LOC, loss of consciousness.
aMedian (minimum–maximum).
bNot statistically significant after false discovery rate correction.

chronic diseases, regular medication, and chronic CT
lesions. These findings are mainly accounted by the
fact that patients with GLF were significantly older. The
time intervals between injury, ED admission, and CT
scan were also substantially longer. The time delay in

seeking medical care may be caused by an underestima-
tion of the injury by the patients themselves. However,
underestimation seems to happen in the ED as well, as
shown by the longer delay of CT scans after arrival in the
ED. The comparison between the groups also revealed
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less frequent LOC, seizures, and amnesia, but more
disorientation and occipital head impacts in the GLF
group. Loss of consciousness might be more likely to
occur from a pendular oscillation of the brain stem in
TBIs,27 resulting in damage to one or more compo-
nents of the ascending reticular activating system, which
is known to control consciousness.28 In GLFs, there
might be a milder oscillation between the spine and
the skull due to relatively low accelerations and deceler-
ations than in motor vehicle accidents and, therefore, a
lesser incidence of LOC. Clinical evaluation of disori-
entation is automatically made when the patient is met
in the ED. However, evaluation of amnesia requires a
more precise approach and is often neglected by the on-
call physician and, therefore, underreported.29 Thus, in
this study, there seems to be a contradiction in the inci-
dences of disorientation and amnesia, which are usually
present concomitantly.

This study showed an independent association be-
tween chronic CT findings and acute CT findings. Both
types of findings were recorded only from the short-term
CT scan and no prior information of possible chronic
findings was available. Therefore, this particular result
has no practical value from the on-call physician’s point
of view.

Despite fairly extensive material and detailed data col-
lection, this study has obvious limitations. Clinical vari-

ables were collected retrospectively from the records and
a lot of relevant information was missing. This might
have influenced the significance of some associations.
During the data collection, some incorrect interpreta-
tions may have occurred. Nevertheless, of the 3 persons
performing the collection, all were occupationally qual-
ified. Thus, instead of systematic bias there might be
random errors, which probably do not affect the results.
Third, we cannot exclude the possibility that some of
those subjects who were found on the ground had some
other mechanisms operating than mere fall, such as vi-
olence. When this was suspected, the patients were ex-
cluded from the GLF group. Moreover, in cases of vio-
lence, it is often the fall that causes TBI and not the hit
itself.

In conclusion, GLFs should be considered a serious
causal mechanism for TBI. They are especially common
in the older adults. Age and long-term alcohol abuse
are associated with more frequent lesions on acute CT
scanning. Striking the left side of the head seems to
be associated with increased risk for acute CT lesions.
Being found on the ground is also associated with an
increased incidence of acute lesions. In this study, TBI
severity indicators and clinical findings (GCS, amnesia,
LOC, disorientation, seizures) were not independently
reliable indicators for acute CT lesions; as such, a liberal
use of CT is recommended for patients who fall.
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Abstract

The aim of the study was to evaluate the validity of the Sport Concussion Assessment Tool-Second Edition (SCAT2) in

patients with acute mild traumatic brain injuries (mTBIs) in a civilian trauma setting. In addition, the SCAT2 was

compared to the Military Acute Concussion Evaluation (MACE). All the participants of the study were prospectively

recruited from the emergency department of Tampere University Hospital (Tampere, Finland). Patients (n = 49) between
the ages of 18 and 60 years, with no premorbid medical or psychiatric conditions, who met the World Health Organization

criteria for mTBI, were enrolled. Trauma controls (n = 33) were recruited using similar study criteria. The main measures

of the study consisted of SCAT2, MACE, and mTBI severity markers, including neuroimaging (computed tomography

and conventional magnetic resonance imaging [MRI]), and 1-month clinical outcomes (postconcussion syndrome diag-

nosis and return to work status). The scoreable components of the SCAT2 performed variably across five dimensions of

validity (diagnostic, criterion, divergent, predictive, and responsiveness). The Standardized Assessment of Concussion

component reasonably discriminated mTBI patients from controls, was associated with MRI lesions, improved over time,

and predicted return to work. Symptom scores differentiated patients with mTBIs from controls, and elevated initial

symptom scores in patients with mTBI were associated with a greater risk of persistent postconcussion symptoms. The

SCAT2 was superior to the MACE. The SCAT2 appears useful for detecting acute mTBI-related symptoms and cognitive

impairment, refining prognosis, and monitoring recovery.

Key words: concussion; Military Acute Concussion Evaluation; Sport Concussion Assessment Tool; traumatic brain injury

Introduction

The Sport Concussion Assessment Tool-Second Edition

(SCAT2) is a standardized examination designed to measure

the acute effects of sport-related concussion on the sideline, rink-

side, or in the locker room.1–4 It was developed by the international

Concussion in Sport Group in 20042 and twice revised in this

group’s consensus meetings,3–5 based on expert opinion and

emerging scientific evidence. The scoreable components of the

SCAT (second and third editions)3,4 include a postconcussion

symptom questionnaire, rating of physical signs, Glasgow Coma

Scale (GCS), a balance examination (Modified Balance Error

Scoring System [M-BESS]),6 a coordination examination, and a

cognitive assessment. The cognitive assessment component is the

Standardized Assessment of Concussion (SAC),7 which consists of

time orientation, immediate memory, concentration, and delayed

recall tasks. The SCAT is used worldwide to aid in the diagnosis

and clinical management of sport-related concussion.

The SCAT2 may also be valuable for assessment of mild trau-

matic brain injury (mTBI) outside of the sporting venue, such as in

a civilian or military trauma setting. The structured and multi-

faceted approach could supplement routine emergency department

(ED) or primary care physician assessment, which is typically

limited to rudimentary diagnostic signs, such as loss of con-

sciousness (LOC) and a brief query of primary symptoms (e.g.,

headache and dizziness).8–10 Quantifying postconcussion symp-

toms, cognitive impairment, and balance problems may improve

clinical decision making.
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Previous studies have evaluated SCAT components, but not the

whole SCAT, in civilian trauma patients with mTBI. Postconcus-

sion symptom reporting (on self-report questionnaires that vary

somewhat from the SCAT version) can help identify patients with

mTBI and contribute to outcome prediction.11–13 In a sample of

adults with mTBI presenting to the ED, the SAC improved from

arrival to 3 to 6 h postarrival,14 suggesting that it is responsive to

mTBI recovery (and/or is susceptible to practice effects). In a pe-

diatric study, SAC scores trended lower for children with mTBIs,

compared to a trauma control group with minor extremity injuries,

but reached significance only for the 12- 14-year-old age group.15

SAC scores did not correlate with mTBI severity indicators. In the

sports setting, the SAC has good sensitivity and specificity for

identifying cognitive problems shortly after concussion (sensitiv-

ity, 64–89%; specificity, 91–100%).16 In a military sample, how-

ever, Coldren and colleagues reported that the SAC has relatively

low sensitivity to the effects of mTBI if administered more than

12 h after injury.17 In addition to the SAC, the full version of the

Balance Error Scoring System (BESS) has moderate diagnostic

accuracy (sensitivity, 34–64%; specificity, 91%).16 No studies on

the sensitivity of the M-BESS to concussion, to our knowledge,

have been published.

The U.S. military recognized an urgent need to identify a reli-

able, accurate field-deployable diagnostic test battery for the ob-

jective diagnosis of mTBI soon after injury. During the mTBI

Diagnostics Workshop in August 2010, a group of civilian and

military experts developed recommendations for research neces-

sary to fill these gaps.18 A quote from the proceedings of the mTBI

Diagnostics Workshop is reprinted below:

‘‘In order to identify the best field-deployable diagnostic tools for

mTBI, acute post-injury testing should include a head-to-head

comparison of newly developed and currently available measure-

ment tools and technologies. Possible tools should be compared to

the MACE because it is currently used by medics and corpsmen in

theater to evaluate all service members suspected of having a TBI.

Comparison of the MACEwith alternative assessment tools, such as

the Sport Concussion Assessment Tool-Second edition (SCAT2),

should be considered as a possible research protocol (McCrory et al.,

2009). Core components of SCAT2, such as assessment for post-

trauma amnesia, standardized rating of symptoms, a brief neuro-

logical exam, and a cognitive screening test, are all similar to the

MACE. In addition, SCAT2 includes a test for balance/postural

stability.’’18

The MACE has been used to assist with the initial diagnosis of

mTBI and, to some degree, help with making return-to-duty de-

terminations in Iraq and Afghanistan. The first section of the

MACE gathers history about the injury signs (occurrence and

duration of retro- and anterograde amnesia and LOC) and symp-

toms (nine symptoms graded ‘‘yes’’ or ‘‘no’’) noted at the time of

assessment. Then, the SAC is administered. Coldren and col-

leagues reported that the cognitive component of the MACE, the

SAC, is helpful for identifying the cognitive effects of concus-

sions in theatre if it is administered within 12 h after injury.17 In a

large-scale study of in-theatre injuries, Kennedy and colleagues

reported that the SAC was useful for measuring the cognitive

effects of concussion only if administered within the first 6 h after

injury. Moreover, SAC scores did not predict time to return to

duty. They found that the MACE symptom scores, however, were

related to swift versus slower return to duty (i.e., faster recovery

times were associated with less-severe headaches, fewer acute

symptoms at time of injury, and absence of acute traumatic

stress).19

The present pilot study was designed to more comprehensively

evaluate the validity of the SCAT2 in patients with mTBI in a

civilian trauma setting. It also serves as a head-to-head comparison

of the MACE with the SCAT2. We hypothesized that the SCAT2

would demonstrate five dimensions of validity: 1) diagnostic va-

lidity (SCAT2 would discriminate between mTBI patients and

controls); 2) criterion validity (SCAT2 would be associated with

mTBI severity indicators, including neuroimaging); 3) divergent

validity (SCAT2 would not be affected by comorbid orthopedic

injuries or psychological distress); 4) predictive validity {acute

SCAT2 scores would predict outcome of mTBI [i.e., postconcus-

sion syndrome (PCS) 1 month postinjury and return to work] after

controlling for known prognostic factors}, and 5) responsiveness

(SCAT2 scores would improve over time after mTBI) over the first

120 h (between subjects) and over the first month (within subjects).

In addition, we hypothesized that the SCAT2 would be more sen-

sitive to the acute effects of mTBI than the MACE.

Methods

Study framework and ethics

This work is part of a broader research program, the Tampere
Traumatic Head and Brain Injury Study. Participants were enrolled
from the ED of the Tampere University Hospital between February
2011 and July 2012. All consecutive patients who underwent head
computed tomography (CT) as a result of acute head trauma
(n= 2441) formed the initial participant pool for this study. Referral
criteria for acute head CT were based on the Scandinavian guide-
lines for initial management of minimal, mild, and moderate head
injuries.20 All consecutive patients undergoing head CT as a result of
acute head injury were screened to obtain a sample of working-aged
adults without preinjury medical or mental health problems who had
sustained a ‘‘pure’’ mTBI and who probably could be reached for an
outcome visit. The enrolment protocol included three inclusion
criteria and nine exclusion criteria described previously.21 Subjects
were included if they 1) met mTBI criteria of the World Health
Organization’s Collaborating Center for Neurotrauma Task Force,8

2) were between 18 and 60 years of age, and 3) were residents of the
hospital district. Subjects were excluded if they had 1) premorbid
neurological problems, 2) previous psychiatric problems, 3) past
TBI, 4) regular daily psychoactive medication (drugs classified in
the N-group in the Anatomical Therapeutic Chemical Classification
System) use, 5) neurosurgery, 6) problems with vision or hearing, 7)
first language was not Finnish, 8) the time interval between injury
and arrival to the ED was over 72 hours, and/or 9) they declined to
participate in the study. All aspects of premorbid health were as-
sessed using an interview in the ED and a patient record review. The
major causes of exclusion were 1) age criteria not met (n= 1252;
51.3%), 2) mTBI criteria not met (n= 760; 31.1%), 3) psychiatric
problems (n= 740; 30.3%), and/or 4) neurological problems
(n= 656; 26.8%). Some patients met multiple exclusion criteria. The
current study focused on enrolled patients that were clinically as-
sessed within the first 5 days after injury (all underwent head CT
within the first 72 h after injury, but some returned to the EDon day 4
or 5 to complete the research-based clinical assessment). For the
final sample of 49 patients, detailed prospective data collection in-
cluded sociodemographics, injury-related data, clinical information
from the ED, and a 1-month follow-up assessment. Patients with
mTBIs were compared to an orthopedically injured control sample.
Ethics approval for the study was obtained from the ethical com-
mittee of Pirkanmaa Hospital District, Finland.

Participants

Of the 49 patients with mTBI, 33 (67.3%) were men and 16
(32.7%) were women.Mean age was 37.5 years (standard deviation
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[SD], 12.1; median, 36.0; interquartile range [IQR], 28.0–47.5). Of
the 33 control subjects, 17 (51.5%) were men and 16 (48.5%) were
women. Mean age for control subjects was 42.8 years (SD, 12.2;
median, 45.4; IQR, 32.4–53.1). The most common cause of mTBI
was sports (n = 11; 22.4%). Other causes of injury were car acci-
dents (n = 8; 16.3%), ground-level falls (n = 7; 14.7%), motorcycle
accidents (n = 5; 10.2%), bicycle accidents (n = 6; 12.2%), falls
from a height (n = 5; 10.2%), violence-related injuries (n = 4; 8.2%),
and other (e.g., object striking the head; n= 3; 6.1%). Seven
(14.3%) of the patients with mTBI were under the influence of
alcohol at the time of injury according to a breathalyzer test in the
ambulance and/or ED. All of these subjects were clinically assessed
with the study procedures described below more than 24 h after
injury and therefore alcohol likely did not influence their perfor-
mance in testing. Mean time interval between injury and acute
clinical assessment was 38.4 h (median, 30.3; SD, 27.3; IQR, 18.8–
49.5). All patients were assessed within 5 days. Also, administra-
tion of medication in the ambulance and/or ED before assessment
was recorded. As part of routine treatment, four different opioids
were used: oxycodone (n = 4); fentanyl (n= 1); codeine (n = 3); and
alfentanil (n = 14). In addition, paracetamol (n = 19), ibuprofen
(n = 13), and etoricoxib (n= 1) were administered. Two antiemetic
drugs were administered: metoclopramide (n = 7) and ondansetron
(n = 1). Information relating to clinical severity markers of mTBI is
presented in Table 1.

Control subjects were orthopedically injured patients evaluated
in the ED of Tampere University Hospital. All consecutive patients
(n = 609) with ankle injury (bone fracture or distension) were
screened for inclusion. The same study criteria used with the mTBI
sample were applied in the enrolment of the controls, when
applicable. Control subjects were enrolled in an age- and sex-
stratified manner, with 5 men and 5 women in the following
age groups: 1) 18–30 years; 2) 31–40 years; 3) 41–50 years; and 4)
51–60 years. Age stratification was performed as part of a separate
larger study to produce normative age group data for a magnetic
resonance imaging (MRI) study (i.e., for diffusion tensor imaging).
All subjects underwent a head magnetic resonance imaging (MRI)
with the same sequences as the mTBI sample within 6 months of
their ankle injury. With controls, all MRI findings were interpreted
as normal. The SCAT2 was completed for 33 controls 1–2 years
after their ankle injury. At the time of assessment, none of the
control subjects experienced problems with their injured ankle.
Also, control subjects’ histories on head injuries were updated, and

none had suffered a head injury in the time between the ankle injury
and SCAT2 assessment.

Clinical assessment

A broad clinical assessment of the patients (n = 49) in the final
sample was performed by the first author. The assessment included
a thorough interview of past health, including diagnosed medical
conditions, medication use, head injury history, and alcohol con-
sumption, according to the Alcohol Use Disorders Identification
Test,22 and drug and narcotics abuse history. Injury-related data
consisted of time of injury, mechanism of injury, and alcohol in-
toxication at time of injury. Presence and duration of possible LOC
and disorientation was evaluated using information given by eye-
witnesses and ambulance personnel. The presence and duration of
retrograde amnesia and post-traumatic amnesia (PTA) was as-
sessed using the Rivermead PTA protocol,23 together with the
Galveston Orientation and Amnesia Test.24 All the patients scored
80 points or greater on the latter. Persistent PTAwas screened using
the Revised Westmead PTA scale,25 and all patients scored a
flawless 12 points at the time of assessment. GCS26 scores were
collected from ambulance forms (if applicable) and ED records (the
lowest scores were recorded). Clinical assessment included the
SCAT2. The SCAT2 consists of six sections: 1) Symptoms; 2)
Physical Signs; 3) GCS; 4) M-BESS; 5) Coordination; and the 6)
SAC. In addition, a complete neurological examination (cranial and
spinal nerves, coordination, balance, pronator drift, and dia-
dochokinesis) was performed and Injury Severity Scores (ISS)27

were calculated.

Neuroimaging

In the ED, a noncontrast head CT was performed with a 64-row
CT scanner (LightSpeed VCT�; General Electric Healthcare
Technologies, Waukesha, WI) for all consecutive patients with
head injury. Head MRI was done with a 3T Siemens Trio (Siemens
AG Medical Solutions, Erlangen, Germany). The MRI protocol
included sagittal T1-weighted three-dimensional inversion recov-
ery prepared gradient echo, axial T2 turbo spin echo, conventional
axial and high-resolution sagittal fluid-attenuated inversion re-
covery, axial T2*, axial susceptibility weighted imaging, and dif-
fusion weighted imaging series. Head CT was performed in the ED
within 72 h, and head MRIs were done within 14 days after injury.

Table 1. mTBI Severity Markers

Presence, n (%) Duration

Severity markers Yes No Mean Md SD IQR

Loss of consciousness (min) 17 (34.7) 32 (65.3) 1.0 0 2.5 0–0.8
Post-traumatic amnesia (h) 45 (91.8) 4 (8.2) 2.5 2.0 2.7 0.1–4.5
RA (h) 12 (24.5) 37 (75.5) 0.5 0 1.9 0
Disorientation 37 (75.5) 12 (24.5)
Focal neurological deficit 8 (16.8) 41 (83.2)
Glasgow Coma Scale, 15 points 47 (95.9) 2 (4.1)
Glasgow Coma Scale, 14 points 2 (4.1) 47 (95.9)
Acute traumatic lesion on CT 5 (10.2) 44 (89.8)
Acute traumatic lesion on MRI 12 (24.5) 37 (75.5)

Diffuse axonal injury 6 (11.8)
Subdural hemorrhage 2 (3.9)
Contusion and subdural hemorrhage 2 (3.9)
Contusion 1 (2.0)
Diffuse axonal injury and subdural hemorrhage 1 (2.0)

mTBI, mild traumatic brain injury; RA, retrograde amnesia; CT, computed tomography; MRI, magnetic resonance imaging; Md, median; SD, standard
deviation.
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Mean time between injury and head CT was 11.7 h (SD, 11.4;
median, 10.8; IQR, 2.6–15.2) and between injury and head MRI
5.7 days (SD, 2.4; median, 5.3; IQR, 4.2–6.7). All head CT scans
and MRIs were analyzed and systematically coded by two neu-
roradiologists (A.B. and A.K.). A minority of patients had trauma-
related abnormalities on CT (n = 5; 10.2%) or MRI (n = 12;
24.5%).

Clinical 1-month follow-up

One month after injury, patients with mTBI were observed in an
outpatient clinic for follow-up (one dropout; n = 48). The SCAT2
was completed with all patients.

Statistical analyses

Of the scoreable SCAT2 components, two were not analyzed.
Physical Signs was excluded a priori because 1) it was designed for
observation from the sideline of an athletic competition, not for a
retrospective interview upon presentation to medical care, and 2)
LOC was used, in part, to define membership in the patient group,
potentially contaminating its diagnostic accuracy if examined as a
predictor. GCS data could not be meaningfully analyzed because
the distribution was severely restricted—only 2 patients (5%) had a
score of less than 15 in the ED, and, of course, there was no need to
evaluate control participants on the GCS.

With regard to outcome classification, participants were deter-
mined to have met International Classification of Diseases, Tenth
Revision (ICD-10), diagnostic criteria for PCS at 1-month follow-
up if they endorsed symptoms on the SCAT2 in at least three of the
ICD-10 symptom categories. Two thresholds of symptom en-
dorsement were considered: mild or greater severity and moderate
or greater severity. Of the mTBI patients, 11 (22.9%) and 2 (4.2%)
had PCS at 1-month follow-up using these two definitions, re-
spectively. Return to work was defined as the time point when sick
leave ended and the patient returned to normal work. Date of return
was confirmed by interview on follow-up visits performed 1 and 6
months postinjury.

An initial inspection of the data revealed that of all of the SCAT2
components tended to have negatively skewed, truncated distri-
butions, especially in the control group and in the patient group at
follow-up. We therefore employed statistical analytic methods that
do not make distributional assumptions. There were no outliers on
any SCAT2 variable. The sample size for the various analyses
reported below are not uniform because some participants had
missing data on the M-BESS (n= 12; 14.6%), SAC (n= 5; 6.1%),
and Coordination exam (n= 5; 6.1%), whereas Symptom Score and
Symptom Severity were available for all participants. Pair-wise
deletion was employed to handle missing data. Patients and con-
trols were similar on years of education (t(74) = 0.73; p= 0.468) and
gender ratios (chi-squared(1) = 2.20; p= 0.138), but the patients
were somewhat younger (t(75) = 1.75; p = 0.085) and had higher
ISS (t(75) = 2.69; p= 0.009).

The analyses reported below were designed to evaluate the
scoreable SCAT2 components on several domains of validity, not
to reach a broad conclusion about the validity of the SCAT2 as a
whole. We therefore controlled for inflated type 1 error associated
with multiple comparisons by employing a Bonferroni adjusted
alpha level for each set of primary analyses addressing the same
hypothesis (i.e., that a particular SCAT2 component demonstrates a
particular type of validity).28,29 For domains of validity that were
evaluated with two measures (e.g., MRI and LOC for criterion
validity), the alpha level was set to 0.025, reported below using the
notation, pb. Alpha was 0.05 for supplementary and exploratory
analyses.28 SPSS statistical software (20.0; SPSS Inc., Chicago, IL)
was used to perform all statistical analyses except for receiver
operating characteristic (ROC) curve comparisons, which were
done with MedCalc.30

Results

Diagnostic validity

Patients with mTBIs reported a greater number of symptoms

(Mann-Whitney’s U = 290.0; pb < 0.001; Cohen’s d = 1.17) and

worse overall symptom severity (Mann-Whitney’s U = 1379.5;
pb< 0.001; d= 1.23) than controls. Patients also obtained lower

scores on the SAC (Mann-Whitney’s U = 323; pb < 0.001; d= 1.08).
These group differences remained significant after simultaneously

controlling for age and ISS (using analysis of covariance). The two

groups performed similarly on the M-BESS (Mann-Whitney’s

U = 732.5; p = 0.148) and had comparable failure rates on the Co-

ordination Exam (chi-square [1] = 1.74; p = 0.188). For those vari-
ables that differed between patient and control groups, we plotted

ROC curves (see Fig. 1) and calculated area under the curve (AUC)

values to explore their discriminatory power. AUC values for the

Symptom Score, Symptom Severity, and SAC variables were

0.836, 0.854, and 0.759, respectively (all pb < 0.001). Because

Symptom Score and Symptom Severity are highly correlated and

performed similarly, but the former has more meaningful units

(e.g., making odds ratios [ORs] more interpretable), it was retained

for subsequent analyses.

The Symptom Score and SAC did not significantly correlate

in the full (combined) sample (Spearman’s rho [77] = 0.187;
p = 0.104) or the patient group (Spearman’s rho [44] = - 0.112;
p = 0.470], suggesting that they may have minimal multi-

collinearity in predicting group membership. When included in

the same logistic regression model, Symptom Score (B = - 0.285;
p = 0.001) and SAC (B = - 0.542; p = 0.001) both uniquely con-

tributed to differentiating between patients and controls. How-

ever, the AUC achieved by this multi-variable model (0.882;

p < 0.001) was not significantly higher than the model with

Symptom Score as the sole predictor, according to the DeLong

and colleagues method for testing AUC differences (Z = 1.41;
p = 0.16).31 The classification accuracy of the Symptom Score and

FIG. 1. Receiver operating characteristic curves for variables
that differed between the patients with mild traumatic brain injury
and controls. SAC, the Standardized Assessment of Concussion.
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SAC at various cut-off scores is presented in Table 2. In exam-

ining the values in this table, it is apparent that considering the

Symptom Score jointly with SAC substantially improves classi-

fication over the SAC alone (e.g., doubling sensitivity at the same

specificity level), whereas the SAC minimally improves the

classification achieved by Symptom Score alone.

Unplanned post-hoc analyses of theM-BESSwere undertaken to

determine the percentages of adults in each sample who met a

normative criterion for poor balance. Poor balance was defined as

the number of error points on the M-BESS (i.e., the SCAT3

scoring) as follows: ages 20–39, ‡ 7 points; ages 40–49, ‡ 8 points;
ages 50–54, ‡ 9 points; and ages 55–64, ‡ 11 points.32 Approxi-

mately 10% of a healthy adult Canadian sample have poor balance

with these criteria.32 In the mTBI sample, 46.3% met the criterion

for poor balance acutely and 40.0% met criterion at 1-month

follow-up; an unexpected 66.7% of the control sample met criterion

for poor balance.

Criterion validity

Four criterion variables that index mTBI severity were consid-

ered. Few patients had abnormal CT scans (n = 5) or no period of

PTA (n= 4), so these potential criterion variables were dropped.

SCAT2 Symptom Scores stratified by injury severity variables

were as follows: 1) MRI abnormality present: mean [M], 15.7

[SD, 2.9]; absent, 12.9 [SD, 6.7]; Mann-Whitney’s U = 192.5;
p= 0.356; d= 0.48; and 2) LOC present: M, 14.7 (SD, 6.4); absent,

12.9 (SD, 6.0); Mann-Whitney’s U = 239.0; p= 0.252; d= 0.28.

Table 2. Classification Accuracy of Standardized Assessment of Concussion (SAC), the SCAT2
Symptom Score, and MACE Symptom Score, Alone and in Combination

50% base rate 80% base rate

Test/cut-off score Sec Spd PPV e NPV f PPV e NPV f

Standardized Assessment of Concussion
< 27 71 70 0.70 0.71 0.80 0.38
< 26 55 88 0.82 0.66 0.71 0.33
< 25 34 94 0.85 0.59 0.59 0.26
< 24 18 100 1.00 0.55 0.42 0.23

SCAT2 Symptom Scorea

< 19 79 70 0.73 0.77 0.82 0.45
< 18 75 79 0.78 0.76 0.79 0.44
< 17 63 85 0.81 0.70 0.75 0.36
< 16 53 94 0.90 0.67 0.69 0.33
< 15 45 94 0.88 0.63 0.66 0.30

MACE Symptom Score
> 2 48 76 0.67 0.59 0.72 0.27
> 3 27 82 0.60 0.53 0.57 0.22
> 4 18 85 0.55 0.51 0.46 0.21

Combined scores (SCAT2)
Symptom < 17 or SAC < 26 86 73 0.76 0.83 0.82 0.57
Symptom < 16 or SAC < 26b 80 82 0.82 0.80 0.80 0.51
Symptom < 17 or SAC < 25 80 79 0.79 0.80 0.80 0.50
Symptom < 16 or SAC < 25 73 88 0.86 0.77 0.77 0.45
Symptom < 17 or SAC < 24 71 85 0.83 0.75 0.77 0.42
Symptom < 16 or SAC < 24 64 94 0.91 0.72 0.73 0.39

Combined scores (MACE)
Symptom > 2 or SAC < 26 82 64 0.70 0.78 0.84 0.47
Symptom > 3 or SAC < 26 68 70 0.69 0.69 0.80 0.35
Symptom > 4 or SAC < 26 61 73 0.69 0.65 0.77 0.32
Symptom > 2 or SAC < 25 75 70 0.71 0.74 0.81 0.41
Symptom > 3 or SAC < 25 57 76 0.70 0.64 0.75 0.31
Symptom > 4 or SAC < 25 48 79 0.70 0.60 0.71 0.28
Symptom > 2 or SAC < 24 64 76 0.73 0.68 0.77 0.35
Symptom > 3 or SAC < 24 43 82 0.71 0.59 0.68 0.26
Symptom > 4 or SAC < 24 34 85 0.69 0.56 0.62 0.24

aFor SCAT2, the Symptom Score is reverse scored (i.e., 22 minus number of symptoms endorsed). The corresponding cut-off scores for SCAT3 would
be scores greater than 3, 4, 5, 6, and 7.

bEndorsing seven or more symptoms, or scoring 25 or lower on the SAC, occurred in 80% of the mTBI sample and 18% of the control sample.
cSensitivity; the proportion of the mTBI group exceeding the cut-off scores.
dSpecificity; the proportion of the control group below the cut-off scores.
ePositive predictive value; the probability of mTBI classification given a score exceeding the cutoff, assuming maximal uncertainty (base rate= 0.5 or

0.8). Calculated as ([Se][0.5])/{[(Se)(0.5)]+ [1-Sp][0.5]}. The last two columns are computed using a base rate of actual mTBI, resulting in residual
deficits = 0.80.

fNegative predictive value; the probably of control/non-mTBI classification given a score below the cutoff, assuming maximal uncertainty (base
rate= 0.5 or 0.8). Calculated as ((Sp)(0.5))/(((Sp)(0.5))+ (1-Se)(0.5)). The last two columns are computed using a base rate of actual mTBI, resulting in
residual deficits= 0.80.

SCAT2, the Sport Concussion Assessment Tool-Second Edition; MACE, the Military Acute Concussion Evaluation; mTBI, mild traumatic brain injury.
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SAC scores stratified by injury severity variables were as follows:

1) MRI abnormality present: M, 24.2 (SD, 2.0); absent, 25.9 (SD,

2.0); Mann-Whitney’s U = 100.0; p= 0.025; d = 0.87; and 2) LOC

present: M, 24.9 (SD, 1.6); absent, 25.8 (SD, 2.3); Mann-Whitney’s

U = 168.0; p = 0.284; d= 0.40. Logistic regression models were run

with the patient group to determine how each of the SCAT2

components (Symptom Score, SAC, M-BESS, and Coordination)

was associated with each of the two remaining dichotomous cri-

terion variables: presence of LOC (of any duration) or traumatic

lesion on MRI (the 5 patients with abnormal CT scans also had

abnormal MRIs). The Symptom Score was not associated with

either of these variables (95% confidence interval [CI] for odds,

0.95–1.17; pb = 0.320 for LOC and 95% CI for odds, 0.97–1.26;

pb = 0.127 for MRI). Every point lost on the SAC was associated

with an increased odds of a traumatic lesion on MRI by 1.64 (95%

CI, 1.06–2.54; pb = 0.025), but SAC scores were not associated with

the odds of LOC (95% CI, 0.88–1.68; pb= 0.229). M-BESS did not

significantly relate to either LOC (95% CI for odds, 0.97–1.23;

pb = 0.165) or MRI (95% CI for odds, 0.84–1.05; pb = 0.251).
Failing the Coordination exam was not associated with LOC (OR,

4.29; 95% CI, 0.99–18.45; pb= 0.051) or MRI findings (95% CI for

odds, 0.32–5.28; pb = 0.724).

Divergent validity

To determine the extent to which SCAT2 components were re-

lated to non-mTBI factors, we examined their association with

general trauma severity (ISS) and acute psychological distress.

Alcohol intoxication was also considered, but few participants

(n= 7) had an elevated blood-alcohol level. Higher ISS in the mTBI

sample were marginally associated with higher Symptom Scores

(Spearman’s rho [39] = 0.32; pb = 0.026), but not to failure on the

Coordination exam (Spearman’s rho [44] = - 0.27; pb = 0.075), the
SAC (Spearman’s rho [44] = - 0.17; pb = 0.267), or M-BESS

(Spearman’s rho [37] = 0.22; pb = 0.186). A measure of acute psy-

chological distress was created from the Symptom Score by sum-

ming the item scores for ‘‘More emotional,’’ ‘‘Sadness,’’ and

‘‘Nervous.’’ This new variable ranged from 0 to 3. This acute

psychological distress score correlated with the Symptom Score

(Spearman’s rho [49] = - .066; pb < 0.001), but not the M-BESS

(Spearman’s rho [37] –0.01; pb = 0.963), SAC (Spearman’s rho

[44] = - 0.03; pb = 0.835), or Coordination scores (Spearman’s rho

[44] = 0.07; pb = 0.642). The correlation with the Symptom Score

was likely somewhat inflated because of both shared method var-

iance (subjective symptom ratings) and item overlap (the three

emotional symptom items contributed to both the acute psycho-

logical distress score and Symptom Score). After controlling for the

latter by removing the emotional symptoms from the Symptom

Score, the revised Symptom Score (i.e., containing only cognitive

and somatic symptoms) still correlated with the acute psychologi-

cal distress variable (Spearman’s rho [49] = - 0.54; p< 0.001).

Predictive validity

The ability of the SCAT2, administered within the first few days

after injury, to predict 1-month clinical outcomes was examined. Of

the candidate outcome variables, PCS diagnosis (moderate or

greater severity) was dropped because of restricted distributions

(only 2 participants met this more stringent criterion for PCS).

Return-to-work and PCS diagnosis (mild or greater severity) were

retained as dichotomous clinical outcomes. ORs were derived from

logistic regression models with a SCAT2 component as the sole

predictor and one of the clinical outcomes as a dichotomous re-

sponse variable. The Symptom Score did not strongly predict PCS

diagnosis (OR, 0.882; 95% CI, 0.79–0.99; bp = 0.035). The acute

psychological distress score did significantly predict PCS diagnosis

(OR, 2.28; 95% CI, 1.15–4.48; pb = 0.018), but the Symptom Score

with the acute psychological distress items removed did not (OR,

1.14; 95% CI, 0.98–1.34; pb = 0.091). SAC and M-BESS did not

predict this outcome ( p> 0.025). The Coordination score also

failed to predict PCS diagnosis (OR, 0.214; 95% CI, 0.46–0.99;

pb= 0.049).With respect to return to work as a clinical outcome, the

Coordination exam was the strongest predictor (OR, 5.50; 95% CI,

1.34–22.53; pb = 0.018), followed by the SAC (OR, 1.53; 95% CI,

1.03–2.26; pb= 0.033). The Symptom Score and M-BESS were

both weak and nonsignificant predictors of return to work

( p> 0.025). Note that mTBI was the primary reason for sick leave

in 65.3% (n= 32) and an orthopedic injury in 22.4% (n= 11). Six
(12.2%) patients with mTBI were not on sick leave.

Responsiveness

The relationship between time postinjury and SCAT2 was ex-

amined in two ways. First, time from injury to initial assessment

(IQR, 19–50 h) was related to various SCAT2 components (Table

3). The M-BESS scores (Spearman’s rho [37] = 0.427; p = 0.008)
were related to this time interval, but the other SCAT2 components

were not ( p> 0.05). This means thatM-BESS scores improvedwith

time after injury. Next, we compared initial to follow-up SCAT2

assessments within subjects. Nonparametric tests for related sam-

ples revealed significant improvement over the first month post-

mTBI for the Symptom Score (Wilcoxon’s signed-rank tests

[48] = 36.0; p < 0.001; d= 0.78) and the SAC (Wilcoxon’s signed-

rank tests [44] = 549.5; p= 0.001; d= 0.60). There was a very small

improvement in the M-BESS (Wilcoxon’s signed-rank tests

[36] = 324.0; p = 0.059; d= 0.21). All patients (n= 18) who failed

the Coordination exam initially also failed it at follow-up.

Military Acute Concussion Evaluation analyses

On the MACE, nine symptoms are coded as present or absent.

The internal consistency reliability of this scale, as assessed by

Cronbach’s alpha, was 0.69 in the mTBI group (in comparison, the

internal consistency reliability for the SCAT2 was 0.91 for the

Symptom Score and 0.92 for Symptom Severity). A total symptom

scale score on the MACE was created by summing the number of

symptoms endorsed. The group means on this scale are presented in

Table 3. On the MACE Symptom Scale, patients with mTBIs re-

ported a slightly greater number of symptoms than controls (Mann-

Whitney’s U = 937.4; p= 0.027; Cohen’s d = 0.15); discriminability

was poor (AUC, 0.646; p= 0.029). Spearman’s correlations with

the SCAT2 symptom scores were as follows: Symptom Score

(r= - 0.81; p < 0.001), Symptom Severity Score (r= 0.77;
p < 0.001), and psychological distress score (r= 0.49; p< 0.001).
Spearman’s correlation between time since injury and MACE

symptoms was r= - 0.22 and p = 0.12 (compared to r= 0.22 and

p = 0.12 for the SCAT2 Symptom Score). Spearman’s correlation

between MACE symptom scores and ISS was r= - 0.37 and

p = 0.007. MACE symptom scores stratified by injury severity

variables were as follows: 1) MRI abnormality present: M, 2.0 (SD,

1.4); absent, 2.8 (SD, 2.3); Mann-Whitney’s U = 192.5; p= 0.36;
d = –0.43; and 2) LOC present: M, 2.5 (SD, 2.1); absent, 2.7 (SD,

2.1); Mann-Whitney U = 239.0; p = 0.25; d = - 0.08. The MACE

symptom score predicted PCS diagnosis (OR, 1.55; 95% CI, 1.08–

2.22; p= 0.018), but not return to work (OR, 0.99; 95% CI, 0.66–

1.51; p= 0.99).
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The primary score from theMACE is the 30-point score from the

SAC. SAC results are presented in Tables 2 and 3 and in the sec-

tions above. The average MACE scores stratified by time since

injury are reported in Table 3. These descriptive values are derived

from subgroups of convenience, based on when they underwent

their comprehensive assessment in the ED; there was no experi-

mental control over the time since injury variable. Sensitivity and

specificity values for the MACE symptoms score and the SAC, at

varying cutoffs, are presented in Table 2. The classification accu-

racy of the MACE symptom score alone was poor. Moreover, un-

like the SCAT2 Symptom Score, theMACE symptom score did not

appear to improve classification when used jointly with the SAC.

For example, the SAC alone achieved 34% sensitivity at 94%

specificity (total, < 25). Jointly considering the SCAT2 Symptom

Score with the SAC almost doubled sensitivity to 64%, maintaining

94% specificity (Symptom Score < 16 or SAC < 24). In contrast,

adding the MACE symptom score resulted in modest increases in

sensitivity, compared to SAC alone, but also decreases in speci-

ficity. Overall, the AUC for the joint SCAT2 Symptom Score/SAC

model was higher than the AUC for the MACE symptom score/

SAC model (Z= 2.63; p = 0.009).

Discussion

The purpose of this preliminary study was to examine the va-

lidity of the SCAT2 in an adult civilian sample of patients with

mTBIs. Its scoreable components performed variably across the

dimensions of validity (ability to differentiate between controls and

those with mTBIs), criterion validity (association with mTBI se-

verity indicators), divergent validity (lack of association with non-

mTBI factors), predictive validity (prognostic value for 1-month

outcomes), and responsiveness (improved scores associated with

time since injury). These findings are summarized in Table 4.

The study hypotheses regarding the SACwere mostly supported.

This screening instrument appears useful for detecting acute mTBI-

related cognitive impairment, refining prognosis, and monitoring

recovery in trauma patients who present to an ED. This extends

previous work on the SAC, which has demonstrated modest diag-

nostic validity in children15 and short-term (day of injury) re-

sponsiveness in adults.14

The SCAT2 total symptom scores were depressed (indicative of

more symptoms) in patients with mTBI. Its psychological distress

items (more emotional, sadness, and nervous) were particularly

predictive of persistent postconcussion symptoms 1 month later. In

other words, if a person reports numerous PCS symptoms acutely,

and/or reports acute psychological distress, he or she is more likely

to have persistent symptoms at 1 month after injury. Symptom

scores were not, however, associated with mTBI severity (i.e., LOC

or abnormal MRI) and they may be influenced by factors other than

mTBI (e.g., pain, injury-related stress, and resilience). This is

highly consistent with a broader literature on postconcussion

symptom reporting in civilian trauma patients, as measured by

other questionnaires.33

The remaining SCAT2 components had limited validity in this

study. Two unexpected findings warrant discussion. First, patients

with and without mTBI did not differ on the M-BESS. This is

seemingly in contrast to previous findings that the BESS is sensitive

to sport-related concussion.34–37 Several features of the present

study likely account for this null finding. Most important, past re-

search has used the BESS, not the M-BESS. The BESS includes

three stances on a hard surface and three stances on a foam pad. The

M-BESS includes only the three stances on a hard surface, making it

a much easier test. In addition, patients with mTBI were initially

assessed at an average of 38 h postinjury, many beyond 2 days. There

is some evidence that deficits on the BESS resolve more rapidly than

symptoms and cognitive impairment.34 Therefore, theM-BESSmay

lose its sensitivity too quickly to be useful if administered beyond the

initial hours postinjury. The correlation between time to initial as-

sessment and initial M-BESS scores in our mTBI sample supports

this assertion. Aswell, a nontrivial portion of participants withmTBI

did not complete the M-BESS because of co-occurring orthopedic

injuries. This may have introduced an unknown bias. Yet another

possible reason for the low sensitivity ofM-BESS in our study is that

control participants suffered an ankle injury 1–2 years before the

SCAT2 assessment. However, even though no control participants

reported persistent symptoms related to ankle sprain in our study, a

history of ankle injury can adversely affect postural stability, per-

haps because of altered proprioception.38,39

In the control participants, the surprisingly poor M-BESS per-

formance, compared to a previous study,32 can also be related to the

Table 4. Summary of Main Findings for the SCAT2 Components

Validity type Operational definition Symptom Score SAC M-BESS Coordination

Diagnostic validity* mTBI vs. control group with remote
ankle injuries

Good Good Poor{ Poor

Criterion validity{ Related to mTBI severity indicators Poor Good
(MRI only)

Poor Poor

Divergent validity{ Not related to ISS or psychological distress Moderate Good Good Good
Predictive validityx 1-month clinical outcome (PCS, RTW) PCS only RTW only Poor RTW only
Responsivenessk Improves over time Good Good Moderate

(rapid)
Poor

*Good: p values (MWU and ROC) < 0.05, d ‡ 0.6, and AUC > 0.75; poor: all p values > 0.1.
{Good: p values (MWU and logistic regression) < 0.05, and d> 0.8; poor: all p values > 0.05.
{Good: p values > 0.05 and Spearman’s rhos £ 0.3; moderate: both p values < 0.05 and Spearman’s rhos > 0.3.
xPCS only/RTW only= p value< 0.025 (logistic regression); poor: p values> 0.025.
kGood: p values (Wilcoxon’s signed-rank test) < 0.05, d ‡ 0.6; moderate: Spearman’s rho = 0.43 ( p= 0.008), Wilcoxon’s signed-rank test p = 0.059,

d = 0.21; poor: All patients who failed the exam initially also failed it at follow-up.
{Control group performed unexpectedly poorly.
SCAT2, the Sport Concussion Assessment Tool-Second Edition; SAC, the Standardized Assessment of Concussion; M-BESS, the Modified Balance

Error Scoring System; mTBI, mild traumatic brain injury; ISS, Injury Severity Score; PCS, postconcussion syndrome; RTW, return to work; MRI,
magnetic resonance imaging; MWU, Mann-Whitney’s U; ROC, receiver operating characteristic; AUC, area under the curve.
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differences in the study samples and variability in the scoring of the

balance testing itself. Iverson and colleagues studied healthy and

mostly healthy Canadian general medical outpatients who were

taking part in a comprehensive preventive health screen at a multi-

disciplinary private health care center. They tended to be of higher

socioeconomic status and they had somewhat lower bodymass than

the general population. We suspect, but cannot determine empiri-

cally, that the Finnish control sample had more individuals with a

body mass index greater than 30 than the Canadian sample.

Moreover, suspect that there might have been scoring differences

between the studies, in that the scoring for the present study

stringently applied the rule that if the person did not hold the stance

for 5 consecutive seconds then a maximum score of 10 error points

was given for that stance (whereas there might have been more

lenient scoring in the Canadian study).

The findings for the Coordination score were difficult to inter-

pret. Most notably, 41% of the mTBI sample failed the Coordina-

tion exam on both the initial and 1-month follow-up assessments

(27.3% of the control sample failed the Coordination exam). Fur-

ther study is needed to understand whether this pattern reflects

residual mTBI deficits or psychometric limitations of the single-

item scale.

Whereas most previous research examined the SCAT2 in the

context of sport-related concussion, our study shows that certain

SCAT2 components have considerable value in the acute assess-

ment of mTBI in a civilian trauma setting. The SAC and Symptom

Score components appear most useful. These tests can facilitate

detection of subtle symptoms and cognitive changes14,15 that could

otherwise be easily missed by informal observation. These findings

on screening could identify patients in need of early intervention,40

provide an indication for more detailed examinations (e.g., neu-

ropsychological evaluation and head MRI),41 and refine recom-

mendations about return to activities, especially those with an

increased risk of repeated mTBI.

Note that data for the present study were collected before the

release of the SCAT3. The SCAT3 includes all the same compo-

nents as the SCAT2 in unaltered format.4,5 The main updates were

that 1) the overall 100-point scoring was omitted and 2) tandem gait

was added as an addition or alternative to the M-BESS. The scoring

system changed for the SCAT3, too, in that symptoms and balance

are no longer reverse scored. It is essential to keep these scoring

changes in mind when reviewing the literature on the SCAT2

versus SCAT3. Based on this information, the findings drawn from

our study are largely applicable to the SCAT3.

This study has important implications for the assessment in both

military and civilian settings. To our knowledge, it is the first head-

to-head comparison of the MACE to the SCAT2. It was predicted

that the SCAT2 would outperform the MACE because it includes

a more comprehensive, refined symptom measure and balance

testing—in addition to the cognitive testing (i.e., the SAC). In the

present study, theM-BESSwas minimally useful for differentiating

patients withmTBIs from controls. Additional research is needed to

examine the clinical usefulness of the M-BESS in acutely injured

civilians before drawing firm conclusions. The MACE symptom

score had poor classification accuracy. The SCAT2 symptom score

clearly outperformed the MACE in both internal consistency reli-

ability and diagnostic validity (singly and in combination with the

SAC). If a cut-off score of 25 or lower is used for the SAC, only

55% of the patients with mTBIs were identified with a 12% false-

positive rate in the controls. However, if a patient endorses seven or

more symptoms (i.e., SCAT2 symptom total score of less than 16

(see Table 2), or scores 25 or lower on the SAC, then 80% of the

mTBI sample is correctly identified with an 18% false-positive rate

in the control sample. Combining the symptom score with the

cognition score clearly improves the diagnostic validity of the

SCAT2, in comparison to the MACE.

The strength of our study is the carefully selected, well-

documented study sample. Also, all patients with mTBI were

evaluated by the same physician, and therefore interevaluator

bias was eliminated. To maximize comparability, the patients

with mTBI and controls were enrolled using identical study cri-

teria, when applicable.

This study has several limitations. First, the study sample was

highly selected because of numerous study criteria and the results

cannot be generalized without caution. As shown in our previous

study, the whole mTBI population is much more heterogeneous.21

Second, the sample size was quite small as a result of the restrictive

study criteria, and this affected the statistical power of the study.

We may therefore have failed to find true differences that would

have supported other aspects of the validity of the SCAT2 com-

ponents. Third, the SCAT2 was repeated only in the mTBI group.

Improved scores in this group may be, at least partially, attributable

to practice effects. In other words, the design may have resulted in

an overestimation of the mTBI recovery. Fourth, the possible

confounding effects of analgesic and antiemetic medication on the

SCAT2/MACE scores were not controlled. Finally, this study did

not use an acutely injured trauma control group and follow them

with the exact same data collection protocol. Therefore, some of the

validity analyses could not be done with the controls and then

compared to the mTBI sample. A control group that had acute

nonhead injuries would have controlled for additional confounds,

such as post-traumatic stress. This may have resulted in less-fa-

vorable diagnostic accuracy statistics for the SCAT2 than we report

here.

In conclusion, the SCAT2 Symptom Score and the SAC appear

useful for detecting acute mTBI-related symptoms and cognitive

impairment, refining prognosis, and monitoring recovery in civilian

trauma patients. The SCAT2 Symptom Score was better than the

MACE symptom scale in discriminating patients with mTBI from

controls. Emergency and military clinicians evaluating a patient

with an mTBI within the first few days postinjury should consider

including the SCAT2/SCAT3 or its key components as part of their

assessment. Additional and larger studies on civilian samples are

needed to confirm these preliminary findings.

Acknowledgments

The authors thank research assistants Anne Simi and Marika

Suopanki-Ervasti for their contribution in data collection. This

study was done as part of the first author’s PhD thesis research

program. This study was presented at the 4th International Con-

sensus Conference on Concussion in Sport in Zürich, November
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