
Thorne et al. BMC Health Services Research          (2022) 22:858  
https://doi.org/10.1186/s12913-022-08244-3

RESEARCH

Healthcare choices following mild traumatic 
brain injury in Australia
Jacinta Thorne1,2,3, Shaun Markovic4,5, HuiJun Chih6, Elizabeth Thomas6, Amanda Jefferson7, Samar Aoun2,8,9, 
Melinda Fitzgerald2,3 and Sarah Hellewell2,3* 

Abstract 

Background:  Accurate data on the types of healthcare people seek in the early stages following mild traumatic 
brain injury (mTBI) in Australia is lacking. We sought to investigate the types of healthcare people seek following mTBI, 
including seeking no care at all; ascertain the demographic, pre- and peri-injury factors, and symptom characteristics 
associated with the care that people access; and examine whether choice of care is associated with symptomatic 
recovery and quality of life.

Methods:  An online retrospective survey of Australians aged 18 to 65 years who had experienced a self-reported 
‘concussion’ (mTBI) within the previous 18 months. Types of healthcare accessed were investigated, as well as those 
who did not seek any care. Data were analysed using frequency and percentages, chi-squared tests and logistic 
regression models.

Results:  A total of 201 respondents had experienced a self-reported ‘concussion’ but 21.4% of the respondents did 
not seek any care. Of the 183 respondents who sought healthcare, 52.5% attended a hospital Emergency Depart-
ment, 41.0% attended a general practitioner and 6.6% accessed sports-based care. Compared to their counterparts, 
those who had a lower level of education (p = 0.001), had experienced previous mTBI (p = 0.045) or previous mental 
health issues (p = 0.009) were less likely to seek healthcare, whilst those who had experienced loss of consciousness 
(p = 0.014), anterograde (p = 0.044) or retrograde (p = 0.009) amnesia, and symptoms including drowsiness (p = 0.005), 
nausea (p = 0.040), and feeling slow (p = 0.031) were more likely to seek care. Those who did not seek care were more 
likely to recover within one month (AOR 4.90, 95%CI 1.51 – 15.89, p = 0.008), albeit the relatively large 95%CI warrants 
careful interpretation. Compared to seeking care, not seeking care was not found to be significantly associated with 
symptom resolution nor quality of life (p > 0.05).

Conclusions:  This study provides unique insight into factors associated with healthcare utilisation in the early stages 
following mTBI, as well as outcomes associated with choice of care, including not seeking care. Delivering targeted 
community education on the signs and symptoms of mTBI, and the advantages of seeking care following injury is an 
important step forward in the management of this challenging condition.
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Introduction
Mild traumatic brain injury (mTBI), also known as con-
cussion, has elicited increasing public concern and 
research attention over the past two decades [1]. mTBI 
can occur from a variety of mechanisms including falls, 
transport-related accidents, sporting incidents, assaults 
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and military-related blast injuries, and can affect individ-
uals of all ages [2]. Whilst the terminology suggests they 
are ‘mild’, the consequences can be significant, with an 
estimated 10–20% of individuals experiencing ongoing 
physical, cognitive and social issues for weeks, months 
or even years following a ‘mild’ injury [3]. There is also 
increasing concern that mTBI may have longer-term con-
sequences for brain health, with potential associations 
observed with ongoing mental health issues [4–6] and 
neurodegenerative disorders such as dementia and Par-
kinson’s disease [7, 8]. For these reasons, mTBI is increas-
ingly noted as a significant public health issue both in 
Australia and worldwide [1, 9].

To define the extent and scope of the mTBI issue, it 
is necessary to accurately determine its incidence and 
prevalence. Unfortunately, the true incidence of mTBI 
is challenging to determine, largely due to difficulty in 
quantifying head injury episodes within health systems, 
and in capturing those who do not present for medical 
attention [2, 10]. In 2004 the World Health Organiza-
tion reported the incidence of hospital-treated mTBI at 
approximately 100–300 per 100,000 population but sug-
gested that this was likely a vast under-estimation, and 
the true rate was likely to be more than 600 per 100,000 
of the population, based upon USA household surveys 
[10]. The most recent data reported by the Australian 
Institute of Health and Welfare reported 22,710 hos-
pitalisations for concussion in 2004/05 [11]. However, 
incidence rates calculated from hospital data alone are 
likely to considerably under-estimate the true numbers 
of people experiencing mTBI [12]. Australia has a unique 
healthcare structure in which there are both public and 
private hospitals, as well as privately owned and operated 
primary care general practices and allied health practices. 
There is currently no centralised health information sys-
tem or insurance scheme linking these healthcare set-
tings [13], and thus it is not currently possible to obtain 
comprehensive incidence data for individuals who seek 
care for a mTBI outside of the hospital setting in Aus-
tralia [14].

More difficult to ascertain is the number of individu-
als who sustain a mTBI but are not medically diagnosed, 
referred to as the “silent minority” [15]. There may be 
several reasons why individuals do not present for care. 
Firstly, many individuals are not aware that they have 
sustained a mTBI [16] or their symptoms are subtle 
and they chose to “watch and wait” rather than seeking 
care immediately [12, 17]. Secondly, individuals may be 
unwilling or unable to report their injuries – for example, 
because of socio-cultural norms within a sporting con-
text where athletes may not want to report their injuries 
to coaching staff or peers [18, 19]. Similarly, in situations 
of intimate partner violence a victim may be unable to 

access healthcare resources or may be reluctant to report 
the incident [20, 21]. Finally, many mTBI’s remain undi-
agnosed because of considerable variability in recogni-
tion and diagnosis by medical practitioners, or as a result 
of other co-existing or more severe injuries taking prec-
edence [17].

This gap in the knowledge of the estimated number of 
people who seek no care at all may be filled by utilising 
population-based surveys [10]. Gordon (2019) used data 
gathered as part of the Canadian Community Health Sur-
vey and determined that of 1749 people surveyed who 
had experienced a mTBI within the previous 12 months, 
21.9% had not received medical attention, whilst 69% 
had attended a hospital emergency department and 11% 
sought care at a doctor’s office [15]. A telephone-based 
survey of people in Colorado, USA found that of those 
who reported a mTBI, approximately 30% did not seek 
any medical care [22], and 42% of respondents from an 
USA internet-based survey did not seek care following 
TBI [23]. To our knowledge, there is currently no avail-
able data on the types of healthcare people access follow-
ing mTBI in Australia, particularly with regards to those 
who do not seek care at all. Improving our knowledge 
of healthcare seeking behaviours following mTBI will 
enhance our ability to account for all potential cases, and 
this information may inform future studies which seek to 
determine the incidence of mTBI in Australia.

Thus, the objectives of our study were to investigate 
the types of healthcare people seek in the early stages fol-
lowing a mTBI, including seeking no care at all; and to 
ascertain demographic factors, pre- and peri-injury fac-
tors, and symptom characteristics associated with the 
healthcare that people access. In particular, we were 
interested in those respondents who did not seek care, 
as it is generally difficulty to capture data on this cohort 
using traditional research methods. Consequently, the 
final objective of this study was to explore the association 
between healthcare (seeking care or not seeking care) 
and recovery, including symptom resolution and quality 
of life.

Methods
Study design
This study utilised data collected as part of a larger 
survey entitled “Recovery Experiences Following Con-
cussion”, a retrospective online survey of Australians, 
aged 18 to 65 years, who reported experiencing a mTBI 
within the past 18  months from any cause, including 
falls, transport accidents, sporting injuries or assaults. 
The “Recovery Experiences Following Concussion” survey 
incorporated a comprehensive array of topics related to 
mTBI recovery in an Australian population, including the 
types of healthcare that patients access following mTBI, 
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psychosocial and lifestyle factors, exercise following 
mTBI, the influence of personality, resilience and cop-
ing styles, and the longer term effects of mTBI on qual-
ity of life, wellbeing and productivity. In order to address 
the objectives of the current study, data were drawn from 
the following sections of the survey (see Supplementary 
Table 1 for full survey content):

1. Respondent demographic information, such as age, 
sex, state of residence, education level, and income.
2. Choice of initial healthcare following mTBI, which 
included the option to select that no medical care 
was accessed and the reasons for this.
3. Injury characteristics and circumstances; includ-
ing injury mechanism and description, loss of con-
sciousness, retrograde and anterograde amnesia 
(memory loss for events immediately before and 
after the mTBI occurred respectively), symptoms 
experienced, symptom resolution and time to symp-
tom resolution.
4. Relevant medical history, including previous con-
cussions and previous mental health issues.
5. Effect of mTBI on quality of life.

The survey was designed through consultation 
amongst research group members to ensure good con-
tent validity, and consumer input was obtained to verify 
readability and comprehension of the survey questions. 
Ethics approval was obtained from the Curtin University 
Human Research Ethics Committee (Approval Number 
HRE2020-0536). Potential participants were provided 
with information about the research prior to commenc-
ing the survey and all eligible respondents gave their 
digital informed consent to participate. All surveys were 
completed in anonymised format.

Sample recruitment
Respondents were recruited over a three-month period 
commencing in November 2020. The survey was hosted 
and distributed using Qualtrics (Qualtrics, Provo, Utah, 
2021) an independent panel aggregator with extensive 
experience in academic survey design. The survey was 
distributed via email invitation to Qualtrics’ network of 
third-party panel providers based in Australia, who have 
pre-existing databases of potential survey respondents 
interested in completing surveys for corporate and aca-
demic research. Respondents received a non-monetary 
incentive from Qualtrics or their panel providers on 
completion of the survey. To minimise the likelihood 
of self-selection bias, survey invitations did not include 
specific details about the survey content. Respondents 
were asked to complete a series of three pre-screening 
eligibility questions in which the topic of the survey was 

deliberately masked, and which asked, “Please select 
which of the following injury scenarios you may have 
experienced in the past 18 months?” Respondents could 
select responses including lower back injury, muscle or 
joint sprain/strain, concussion, fracture or broken bone, 
or no injury. Participants were only included if they 
were an Australian citizen or permanent resident, were 
aged between 18 and 65  years, and identified as having 
sustained a concussion injury in the past 18  months. 
Concussion status was based upon the respondent’s self-
report and was defined in a further screening question as:

“An incident likely to lead to a head injury – including 
a knock to your head, or an impact to your body which 
resulted in force being transferred to your head, and 
then experienced signs or symptoms related to that inci-
dent. You may have also experienced one or more of the 
following:

1.	  Any loss of consciousness (Were you “knocked out” 
or did you “black out”?)*

2.	 Altered mental state at the time of the accident 
(Were you dazed, disoriented or confused? Did you 
“see stars” at the time of injury?)

3.	 Experience any memory loss for events immediately 
before or after the accident (Do you have any mem-
ory loss around the time of injury – before or after?)

4.	 Any symptoms such as headache, dizziness, foggi-
ness (or other symptoms) around the time of the 
incident?

“*You do not need to have lost consciousness or been 
’knocked out’ to have had a concussion.”

Data quality assessment
Following collection, the data were first screened for 
quality by Qualtrics, and subsequently were indepen-
dently screened by three members of the study research 
group (SH, JT, SM) and a consensus was reached on 
those responses that were deemed poor quality. Survey 
responses were removed based upon the following cri-
teria as recommended by Qualtrics: incomplete survey 
responses, duplicate responses, ambiguous or nonsen-
sical text, incongruent responses (e.g. reporting multi-
ple different injury mechanisms), completing the survey 
abnormally fast (less than 8  min), or responses selected 
in a straight-line pattern for more than 20% of the survey.

Study measures
The primary outcome measure of interest for this 
study was the type of healthcare accessed in the early 
stages following mTBI. Survey respondents were asked, 
“When you first experienced your most recent concus-
sion, where did you seek medical care?” Respondents 
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were able to select more than one healthcare option and 
thus could be included in more than one category. The 
responses were then re-grouped into the following four 
main categories: 1. No Care; 2. Hospital Emergency 
Department – which combined the responses for pub-
lic and private hospital emergency departments; 3. Pri-
mary care practitioners – included those who selected 
“General practitioner (GP)” and “Urgent Care or After-
Hours Care”; and 4. Sports-based care – included those 
who selected “Sports Doctor/Physician”, and “Sports 
Club Personnel (Doctor, Physio, and Sports Trainer)”. 
When “Other” was selected as a type of care response, 
the open field text response provided was used to re-
categorise the response into the most appropriate care 
category. Respondents who indicated they did not seek 
care were subsequently prompted to provide reasons 
for this decision, including an open field option. Loca-
tion of initial healthcare was then stratified according 
to pre- and peri-injury factors such as previous mTBI, 
relevant aspects of past medical history, mechanism 
of injury, change in conscious state, memory loss and 
symptom presentation.

Symptom presentation was assessed using a modified 
version of the 22-item Post-Concussion Symptom Scale 
(PCSS) [24]. The PCSS is normally structured using a 
six-point Likert scale to provide both the number of 
symptoms experienced out of a total of 22, and a total 
symptom severity score out of 132. As this was a ret-
rospective survey respondents were asked to select the 
symptoms they had experienced in the early stages fol-
lowing mTBI, but were not required to rate their symp-
tom severity as we felt that recall for this detail may not 
be accurate. Thus early symptom presentation in this 
study is presented as the total number of symptoms 
endorsed out of a total of 22, and has also been re-cat-
egorised into lower (1 to 5) or higher (6 or more) num-
ber of symptoms, based upon the average number of 
symptoms of the cohort. Quality of life was evaluated 
using the six item short-form Quality of Life after Brain 
Injury Scale – Overall Scale (QOLIBRI-OS), which has 
good test–retest reliability (0.81) and validity (r = 0.87) 
[25]. Responses were converted to a percentage score, 
and then re-categorised as either a higher quality of 
life (≥ 75%) or lower quality of life (< 75%) QOLIBRI-
OS score, based upon median reference values from the 
general population [26]. Time to symptom resolution 
was re-categorised as a binary variable of less than or 
greater than one month, as one month is widely rec-
ognised as a ‘normal’ timeframe for recovery following 
mTBI [3, 27]. Other variables utilised in this analysis 
are included in Supplementary Table 1, and have been 
re-categorised as detailed for ease of interpretation 
where appropriate.

Statistical analysis
All data obtained from this study were analysed using 
IBM SPSS Statistics Data Editor Version 27. Descriptive 
statistics were calculated for demographic, injury-related 
characteristics, symptom resolution and quality of life 
for all respondents. Mean and standard deviations were 
reported for continuous variables (all of the continuous 
variables displayed normal distribution), whilst frequency 
and percentages were reported for categorical variables. 
Column percentages were provided for each dependent 
variable and add to 100%. Associations between factors 
and care seeking were assessed using chi-squared tests, 
or Fisher’s exact test when expected cell counts were less 
than 5. When open-text responses were provided the 
responses were coded to common categories and then 
reported as a count and percentage. As our initial analy-
sis revealed a number of associations of interest for the 
group of respondents who did not seek care, we were 
then particularly interested in whether presenting symp-
toms may influence recovery in those who did not seek 
care. Logistic regression models were used to further 
examine the relationship between choice of healthcare 
(No Care/Care) and Symptom Resolution (yes/no), Time 
to Symptom Resolution (< 1  month/1  month or longer) 
and quality of life (QOLIBRI-OS score higher/lower). 
Logistic regression results are presented as crude and 
adjusted odds ratios (aOR) with 95% confidence intervals, 
where Symptom Resolution was adjusted for type of ini-
tial symptoms (headache, nausea, dizziness, drowsiness, 
feeling slow, feeling foggy); Time to Symptom Resolution 
was adjusted for number of initial symptoms (PCSS total 
score) and type of initial symptoms; and the QOLIBRI-
OS score was adjusted for number of initial symptoms 
(PCSS total score), type of symptoms, and years of edu-
cation. We adjusted for potential confounders in the 
models to minimise confounding bias. The potential con-
founders were determined according to the criteria out-
lined by Rothman et  al. (2008)  [28] as (i) related to the 
independent variable, (ii) related to the outcome variable, 
but (iii) not an intermediate of the independent and out-
come variable. Since the outcome variables of the mod-
els were different, the confounders were different for the 
models. Significance was set at an alpha level of 0.05.

Results
In total, 4505 people were invited to participate in the 
survey via email link. Of these, 274 respondents com-
pleted the survey and 73 survey responses were removed 
following data quality assessment outlined in the Meth-
ods. In alignment with the objectives of this study, the 
resultant data are presented in two parts. In the first part 
the outcome variable of interest is the type of health-
care accessed by each respondent and the association of 
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various demographic, injury-related factors and symp-
tom presentation with choice of care. We were particu-
larly interested in those respondents who did not seek 
care, and thus have included more detailed analysis com-
paring No Care to Care. The second part of the results 
considers the relationship between healthcare choice and 
recovery, including whether symptoms had resolved, the 
time taken for symptom resolution, and the impact of 
mTBI on the respondent’s quality of life.

Demographic characteristics
Of the 201 survey responses analysed, 53.2% of respond-
ents were female and 46.3% were male (Table  1). The 
mean age of respondents was 37.7  years. Most of the 
cohort (78.6%) sought some form of healthcare in the 
early stages after mTBI, however, of particular inter-
est, 21.4% did not seek any care. Characteristics includ-
ing age, sex, state of residence, employment status and 
household income were comparable between those who 
did or did not present for healthcare (p > 0.05). However 
there was a significant association between a respond-
ent’s level of education and whether or not they sought 
care (p = 0.001). Of those who did not seek care, 25.6% 
had the lowest level of education (had completed sec-
ondary education to Year 10), whereas only 2.5% who 
did seek care had the lowest level of education. In other 
words, of those who had the lowest level of education 11 
out of 15 (73.3%) did not seek care. In comparison, only 5 
out of 34 (14.7%) respondents in the highest level of edu-
cation group (post-graduate level) did not seek care.

Relationship between injury‑related (pre‑ and peri‑injury) 
factors and choice of healthcare
Table 2 reports frequencies and percentages for each cat-
egory of care type. As respondents could be included in 
more than one category the total frequency exceeded the 
number of respondents (201). Of those respondents who 
had sought healthcare, the largest percentage of respond-
ents had attended a hospital emergency department 
(52.5%), followed by primary care practitioners (41.0%) 
and sports-based care (6.6%).

Differences from the expected frequencies were noted 
predominantly for those who did not seek care, and thus 
these have been explored in further detail in Table 3. Of 
the pre-injury factors considered, those who had expe-
rienced a previous mTBI (p = 0.045) and those who had 
experienced previous mental health issues (p = 0.009) 
were significantly more likely not to seek healthcare 
(Table 3). No relationship was identified between previ-
ous learning disorders, migraine or sleep disorders and 
the type of care accessed (p > 0.05). Of the peri-injury fac-
tors investigated, more who attended sports-based care 
were male (83% male compared to 17% female) (Table 2). 

No association was noted between sport-related injuries 
compared to non-sport related injuries and the type of 
care they accessed (p > 0.05) (Table  3). However, when 
the type of non-sport related injury was further clari-
fied, 71%, 14% and 9% of those who sought care had a fall, 
experienced a transport accident or assault, respectively; 
whilst 59%, 3% and 17% of those who did not seek care 
had a fall, experienced a transport accident or assault 
(p = 0.031). Of note, six respondents reported mTBI as 
a result of assault during an episode of intimate partner 
violence, and three of these respondents did not seek any 
medical care. Reasons given for not seeking care included 
“Was not allowed by partner” (1 of the 3 respondents) 
and “I didn’t want others to know I had experienced a 
concussion” (2 of the 3 respondents).

In this survey sample, 55.7% had experienced a loss of 
consciousness (LOC) and 56.3% of those who suffered 
LOC attended a hospital ED, followed by primary care 
(37.5%) and sports-based care (7.1%) (Table 2). Surpris-
ingly, 14.3% of people who had experienced a LOC did 
not seek any healthcare. Respondents were significantly 
more likely to seek some form of care if they had experi-
enced LOC (p = 0.014) (Table  3). Similarly, respondents 
were significantly more likely to seek some form of care if 
they experienced either anterograde or retrograde amne-
sia (p = 0.044 and p = 0.009 respectively) (Table 3).

Relationship between symptom presentation and choice 
of initial healthcare
Only those respondents whose symptoms had resolved 
were asked about their initial symptoms using the PCSS, 
and thus data from 174 respondents are included in this 
analysis. The mean number of symptoms reported on the 
PCSS was 5.7 ± 3.6 (Table  4). The mean PCSS score for 
those who did not seek care (4.9 ± 3.3) was slightly lower 
than those who did seek care (5.9 ± 3.6), although this did 
not reach statistical significance (p = 0.054) (Table 4). Of 
those respondents who did not seek care, 72.5% reported 
five or less symptoms in the early time period following 
their mTBI. While not statistically significant, it would 
seem that those who experienced a lower symptom bur-
den were less likely to seek care. Each symptom was also 
considered separately, and whilst the PCSS includes a 
list of 22 symptoms, only the top five most frequently 
reported symptoms have been included in this analysis. 
Those who experienced drowsiness (p = 0.005), nausea 
(p = 0.040), and feeling ‘slow’ (p = 0.031) were signifi-
cantly more likely to seek care (Table 4).

Relationship between choice of healthcare and recovery
In this survey, the majority of respondents (86.6%; 
174/201) reported that their symptoms had resolved, 
while 13.4% (27/201) were still experiencing symptoms 
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(Table 5). Distributions of choice of healthcare by symp-
tom resolution, time to symptom resolution and qual-
ity of life are provided in Supplementary Table 2. While 

there was no statistically significant difference in care 
seeking in those who had symptomatic recovery at the 
time of assessment, the odds of symptom resolution were 

Table 1  Demographic characteristics and association between those who did or did not seek initial healthcare 

a Difference in age and years of education between care groups was assessed using independent samples t-test; associations between categorical demographic 
variables and care groups were assessed using Chi-squared tests or Fisher’s Exact testsb when expected cell counts were less than 5

Whole Cohort (n = 201) No Care (n = 43) Care (n = 158) P-valuea

Age mean (SD) 37.7 (12.3) 40.1 (11.1) 37.0 (12.6) 0.150

Age Categories n (%) 0.100

  18–25 29 (14.4) 3 (7.0) 26 (16.5)

  26–35 79 (39.3) 15 (34.9) 64 (40.5)

  36–45 37 (18.4) 19 (23.3) 27 (17.1)

  46–55 34 (16.9) 12 (27.9) 22 (13.9)

  56–65 22 (10.9) 3 (7.0) 19 (12.0)

Sex n (%) 0.392b

  Female 107 (53.2) 27 (62.8) 80 (50.6)

  Male 93 (46.3) 16 (37.2) 77 (48.7)

  Other 1 (0.5) 0 (0.0) 1 (0.6)

State of Residence n (%) 0.737b

  ACT​ 9 (4.5) 0 (0.0) 9 (4.5)

  NSW 54 (26.9) 12 (27.9) 42 (26.6)

  NT 1 (0.5) 0 (0.0) 1 (0.6)

  QLD 39 (19.4) 9 (20.9) 30 (19.0)

  SA 19 (9.5) 3 (7.0) 16 (10.1)

  TAS 7 (3.5) 2 (4.7) 5 (3.2)

  VIC 53 (26.4) 14 (32.6) 39 (24.7)

  WA 19 (9.5) 3 (7.0) 16 (10.1)

Years of Education mean (SD) 14.3 (2.2) 13.5 (2.6) 14.5 (2.1) 0.016
Educational Status n (%) 0.001
  Secondary education to Year 10 15 (7.5) 11 (25.6) 4 (2.5)

  Secondary education to Year 12 29 (14.4) 3 (7.0) 26 (16.5)

  Vocational education/training 29 (14.4) 6 (14.0) 23 (14.6)

  Diploma/Advanced Diploma 19 (9.5) 4 (9.3) 15 (9.5)

  Bachelor degree 75 (37.3) 14 (32.6) 61 (38.6)

  Post-graduate studies 34 (16.9) 5 (11.6) 29 (18.4)

Employment n (%) 0.154

  Full-time 104 (51.7) 18 (41.9) 86 (54.4)

  Self-employed 16 (8.0) 5 (11.6) 11 (7.0)

  Part-time 42 (20.9) 7 (16.3) 35 (22.2)

  Home Duties 9 (4.5) 4 (9.3) 5 (3.2)

  Currently not working 30 (14.9) 9 (20.9) 21 (13.3)

Household Income n (%) 0.360

  $1—$49,999 42 (20.9) 12 (27.9) 30 (19.0)

  $50,000—$99,999 77 (38.3) 19 (44.2) 58 (36.7)

  $100,000—$149,999 46 (22.9) 7 (16.3) 39 (24.7)

  $150,000—$199,999 24 (11.9) 4 (9.3) 20 (12.7)

  $200,000 or more 12 (6.0) 1 (2.3) 11 (7.0)

Household Income n (%) 0.052

  Less than $100,000 119 (59.2) 31 (72.1) 88 (55.7)

  $100,000 or greater 82 (40.8) 12 (27.9) 70 (44.3)
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Table 2  Frequency and percentage of pre-and peri-injury factors by choice of healthcarea

Whole Cohort 
(n = 201)

No Care (n = 43) Hospital ED (n = 96) Primary Care (n = 75) Sports-based 
Care (n = 12)

Healthcare Visitsb n (%) 183 - 96 (52.5) 75 (41.0) 12 (6.6)

Pre-Injury Factors

  Age Mean (SD) 37.7 (12.3) 40.1 (11.1) 38.3 (12.9) 35.5 (12.4) 29.7 (4.6)

  Sex n (%)

    Female 107 (53.2) 27 (62.8) 48 (50.0) 40 (53.3) 2 (16.7)

    Male 93 (46.3) 16 (37.2) 47 (49.0) 34 (45.3) 10 (83.3)

    Other 1 (0.5) 0 (0.0) 1 (1.0) 1 (1.3) 0 (0.0)

  Previous mTBI n (%)

    Yes 60 (29.9) 16 (37.2) 28 (29.2) 23 (30.7) 4 (33.3)

    No 133 (66.2) 23 (53.5) 66 (68.8) 50 (66.7) 8 (66.7)

    Unsure 8 (4.0) 4 (9.3) 2 (2.1) 2 (2.7) 0 (0.0)

  Previous Mental Health Issues n (%)

    Yes 69 (34.3) 22 (51.2) 24 (25.0) 31 (41.3) 2 (16.7)

    No 132 (65.7) 21 (48.8) 72 (75.0) 44 (58.7) 10 (83.3)

  Previous Learning Disorders n (%)

    Yes 18 (9.0) 4 (9.3) 11 (11.5) 7 (9.3) 2 (16.7)

    No 183 (91.0) 39 (90.7) 85 (88.5) 68 (90.7) 10 (83.3)

  Previous Migraine n (%)

    Yes 44 (21.9) 10 (23.3) 20 (20.8) 18 (24.0) 2 (16.7)

    No 157 (78.1) 33 (76.7) 76 (79.2) 57 (76.0) 10 (83.3)

  Previous Sleep Disorders n (%)

    Yes 37 (18.4) 5 (11.6) 19 (19.8) 13 (17.3) 3 (25.0)

    No 164 (81.6) 38 (88.4) 77 (80.2) 62 (82.7) 9 (75.0)

Peri-Injury Factors

  Mechanism of Injury n (%)

    Sport-related 78 (38.8) 14 (32.6) 37 (38.5) 28 (37.3) 10 (83.3)

    Non-sport Related 123 (61.2) 29 (67.4) 59 (61.5) 47 (62.7) 2 (16.7)

  Non-Sport Type n (%)

    Fall 84 (68.3) 17 (58.6) 37 (62.7) 35 (74.5) 1 (50.0)

    Transport Accident 14 (11.4) 1 (3.4) 11 (18.6) 5 (10.6) 1 (50.0)

    Assault 13 (10.6) 5 (17.2) 6 (10.2) 5 (10.6) 0 (0.0)

    Other 12 (9.8) 6 (20.7) 5 (8.5) 2 (4.3) 0 (0.0)

  Loss of Consciousness n (%)

    Yes 112 (55.7) 16 (37.2) 63 (65.6) 42 (56.0) 8 (66.7)

    No 71 (35.3) 23(53.5) 24 (25.0) 25 (33.3) 3 (25.0)

    Unsure 18 (8.9) 4 (9.3) 9 (9.4) 8 (10.7) 1 (8.3)

  Anterograde Amnesia n (%)

    Yes 78 (38.8) 11 (25.6) 46 (47.9) 32 (42.7) 5 (41.7)

    No 97 (48.2) 28 (65.1) 40 (41.7) 30 (40.0) 5 (41.7)

    Unsure 26 (12.9) 4 (9.3) 10 (10.4) 13 (17.3) 2 (16.7)

  Retrograde Amnesia n (%)

    Yes 51 (25.4) 6 (14.0) 28 (29.2) 26 (34.7) 2 (16.7)

    No 13 (66.2) 29 (67.4) 63 (65.6) 44 (58.7) 10 (83.3)

    Unsure 17 (8.4) 8 (18.6) 5 (5.2) 5 (6.7) 0 (0.0)

PCSS Total Number of Symp‑
toms Mean (SD)

5.7 (3.6) 4.9 (3.3) 6.0 (3.4) 6.6 (4.4) 6.2 (4.4)

PCSS Number of Symptoms n (%)

  1 to 5 106 (60.9) 29 (72.5) 43 (53.1) 35 (56.6) 6 (66.7)

  6 or more 68 (39.1) 11 (27.5) 38 (46.9) 27 (43.5) 3 (33.3)

a Respondents were able to select more than one choice of initial care, and thus frequencies may add to greater than the total sample size of 201. Column percentages 
are provided for each category of care choice and add to 100%
b ‘Healthcare visits’ was calculated based upon the total number of presentations for initial medical care (i.e. hospital ED’s, primary health care and sports-based care)
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four times greater for those who did not seek care com-
pared to those who did (95% CI 0.50–31.98, p = 0.19), 
when adjusted for the type of symptoms experienced 
(headache, dizziness, nausea, drowsiness, feeling slow, 
feeling foggy). Of those respondents whose symptoms 
had resolved, 71.8% (125/174) had taken less than one 
month to recover. Exploring this further, we identified a 
significant association between a respondent not seeking 
care following mTBI and their symptoms resolving in less 
than one month (Table 5). After adjusting for the num-
ber and type of symptoms experienced, the adjusted odds 
of a respondent experiencing symptom resolution in less 
than one month were 4.9 times greater for those who did 
not seek care as opposed to those who did seek care (95% 
CI 1.51–15.89, p = 0.008). The majority (88.4%) of those 
who did not seek any care selected one or more of the 

following reasons for not seeking care: “I thought I would 
be OK” (63%), “My symptoms were not very bad” (37%), 
or “I decided to watch and wait” (40%).

Analysis of the QOLIBRI-OS Total score as an indi-
cation of quality of life following mTBI revealed minor 
differences in the mean QOLIBRI-OS score between 
the types of healthcare accessed. Those who had not 
sought care had the lowest mean QOLIBRI-OS score 
(57.2 ± 24.0), whilst the highest QOLIBRI-OS score was 
67.4 ± 14.0 for those who had received sports-based care 
(Table  5). After adjusting for the number of symptoms, 
type of symptoms, and years of education, the adjusted 
odds of a respondent having a lower quality of life score 
were 1.3 times greater for those who did not seek care as 
opposed to those who did seek care (95% CI 0.61–2.86, 
p = 0.475), albeit statistically insignificant (Table 5).

Table 3  Association between pre-injury and peri-injury characteristics and choice of care (No Care/Care)

a Associations between pre-injury and peri-injury variables and care groups were assessed using Chi-squared tests, or Fisher’s Exact testsb when expected cell counts 
were less than 5. Column percentages are provided for each category of care choice and add to 100%

Whole Cohort (n = 201) No Care (n = 43) Care (n = 158) P-valuea

Total n (%) 201 43 (21.4) 158 (78.6)

Pre-Injury Factors
  Previous mTBI
    Yes 60 (29.9) 16 (37.2) 44 (27.8) 0.045
    No 133 (66.2) 23 (53.5) 110 (69.6)

    Unsure 8 (4.0) 4 (9.3) 4 (2.5)

  History of Mental Health Issues
    Yes 69 (34.3) 22 (51.2) 47 (29.7) 0.009
    No 132 (65.7) 21 (48.8) 111 (70.3)

Peri-Injury Factors
  Mechanism of Injury n (%)

    Sport-related 78 (38.8) 14 (32.6) 64 (40.5) 0.343

    Non-sport Related 123 (61.2) 29 (67.4) 94 (59.5)

  Non-Sport Type
    Fall 84 (68.3) 17 (58.6) 67 (71.3) 0.031b

    Transport Accident 14 (11.4) 1 (3.3) 13 (13.8)

    Assault 13 (10.6) 5 (17.2) 8 (8.5)

    Other 12 (9.8) 6 (20.7) 6 (6.4)

  Loss of Consciousness n (%)

    Yes 112 (55.7) 16 (37.2) 96 (60.8) 0.014
    No 71 (35.3) 23(53.5) 48 (30.4)

    Unsure 18 (8.9) 4 (9.3) 14 (8.9)

  Anterograde Amnesia n (%)

    Yes 78 (38.8) 11 (25.6) 67 (42.2) 0.044
    No 97 (48.2) 28 (65.1) 69 (43.7)

    Unsure 26 (12.9) 4 (9.3) 22 (13.9)

  Retrograde Amnesia n (%)

    Yes 51 (25.4) 6 (14.0) 45 (28.5) 0.009
    No 133 (66.2) 29 (67.4) 104 (65.8)

    Unsure 17 (8.4) 8 (18.6) 9 (5.7)
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Discussion
In this study we investigated the types of healthcare peo-
ple seek in the early stages following a mTBI in Australia, 
including seeking no healthcare at all. Due to the lack of 
centralised health information and surveillance infra-
structure in the Australian healthcare system at present, 
the number of people who experience mTBI and present 
for care outside of the hospital system is unknown and 
thus obtaining data from other sources is essential [2, 
10, 29]. Our study found that approximately half of the 
respondents attended a hospital for care, meaning that 
more than 50% of mTBI reported in this survey would 
have been missed using the standard method of hospital 
record surveillance. This has clear implications for esti-
mation of the incidence of mTBI in Australia. Notably, 
we found that 21.4% of respondents had not accessed any 
healthcare following mTBI, a rate comparable to previous 
research conducted in Canada (21.9%) [15], New Zea-
land (28%) [30] and the USA (30%) [22]. The proportion 
of respondents who reported attending a primary care 
practitioner (41%) was slightly higher than that reported 
in these prior studies, and may be related to variations in 
healthcare system structure in countries other than Aus-
tralia [31]. Only 6% of respondents reported accessing 
sports-based care, and they were often selected in com-
bination with other services, suggesting that these health 
care providers may provide initial aid but then refer on to 
either hospital or primary care practitioners.

Factors influencing choice of care
Compared to data provided by the Australian Bureau 
of Statistics (ABS), our survey sample appeared to be 

relatively representative of the Australian population 
in terms of age (median age of the Australian popula-
tion is 38  years, compared with 37.7  years in our sam-
ple), sex (proportion of females in Australia is 51%, 53% 
in our sample) and state of residence [32]. However, the 
respondents in our sample did appear to have a higher 
level of education overall, with 54% reporting having a 
Bachelor degree and above compared to 22% reported 
by the ABS [32]. This may reflect a sampling bias towards 
respondents of online surveys having a higher level of 
formal education and being more active online, and may 
have implications for the interpretation of results relating 
to education levels in this study as outlined in the limita-
tions section below.

Several demographic, pre- and peri-injury factors, 
and symptom presentations were found to be associated 
with the choice of healthcare. Our findings suggest that 
respondents with a lower level of formal education were 
less likely to seek care. Previous research has indicated 
that lower socioeconomic status, including education 
and income, can adversely influence healthcare access 
due to barriers such as disparities in health literacy and 
understanding of the healthcare system, as well as cost 
and transportation [33, 34]. Those who had experienced 
a previous mTBI were also less likely to seek care, and 
it is possible that if an individual knows what to expect 
following mTBI they are content to self-monitor and 
manage their condition, as described by Schmidt et  al., 
[35]. Interestingly, those who had experienced previous 
mental health issues were less likely to seek care, which 
may suggest that emotional vulnerability may lead to 
a lower inclination to attend healthcare services. This 

Table 4  Association between symptom presentation and choice of care (No Care/Care)

a Only those respondents whose symptoms had resolved were asked about their acute symptoms, and thus 174 results are included in this table. Respondents 
could select more than one symptom, and only the column percentages of each specific symptom (“yes”) are shown (“no” are not shown) and therefore the column 
percentages do not add to 100%
b Difference in PCSS Number of Symptoms (mean) between care groups was assessed using Mann–Whitney U Test. Association between symptoms and care groups 
were assessed using Chi-squared tests

Whole Cohort (n = 174)a No Care (n = 40) Care (n = 134) P-valueb

PCSS Number of Symptoms Mean 
(SD)

5.7 (3.6) 4.9 (3.3) 5.9 (3.6) 0.054

  PCSS Number of Symptoms n (%)

    1 to 5 106 (60.9) 29 (72.5) 77 (57.5) 0.087

    6 or more 68 (39.1) 11 (27.5) 57 (42.5) -

  Symptoms n (%)

    Headache 142 (81.6) 32 (80.0) 110 (82.1) 0.765

    Feeling “foggy” 86 (49.4) 16 (40.0) 70 (52.2) 0.174

    Dizziness 76 (43.7) 14 (35.0) 62 (46.3) 0.207

    Feeling “slow” 69 (39.7) 10 (25.0) 59 (44.0) 0.031
    Drowsiness 63 (36.2) 7 (17.5) 56 (41.8) 0.005
    Nausea 63 (36.2) 9 (22.5) 54 (40.30) 0.040
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is consistent with the findings of a Canadian survey of 
health care-seeking behaviours, who found that in gen-
eral, patients were less likely to seek care for mental 
health issues than physical health concerns [36].

The proportion of respondents who reported a loss of 
consciousness (LOC) in this study (56%) was higher than 
expected compared with previous literature which sug-
gests that LOC occurs in approximately 8–19% of mTBI 
[2]. This survey sample was based upon self-reported 
concussion, and more people may believe they have had 
a concussion if they have lost consciousness, and con-
versely, may not identify as having had a concussion 
if they haven’t lost consciousness [23]. Those who had 
experienced LOC, as well as memory loss either before or 
following their injury were more likely to seek healthcare, 
which suggests that these peri-injury signs cause people 
enough concern to warrant seeking medical attention. 
However, as it is possible that this survey sample is biased 
towards those who had sustained a more significant 
mTBI, there may be implications with regards to the gen-
eralizability of results, as discussed further in the limita-
tions section below.

The most frequently endorsed symptoms (headache, 
feeling foggy, dizziness, feeling slow, drowsiness and 
nausea), and least frequently endorsed symptoms (vis-
ual problems, vomiting, nervousness, excessive sleep 
and sadness) in this study are similar to those described 
previously [24]. If respondents experienced symptoms 
including drowsiness, nausea, and feeling “slow” they 
were significantly more likely to seek care. These findings 
are consistent with previous literature demonstrating 
that nausea and LOC [16], and LOC and amnesia [23], 
were the symptoms and signs that prompted most people 
to seek medical care or advice. Although not statistically 
significant, those respondents with a low symptom bur-
den (five symptoms or fewer) were less likely to seek care 
whilst those experiencing more than six symptoms were 
more likely to attend a hospital ED, suggesting that the 
self-reported severity of symptoms is a factor in whether 
professional care is used or not.

A small number of respondents in this survey reported 
mTBI as a result of intimate partner violence, and these 
victims likely represent a population group who are 
considerably under-represented both in terms of mTBI 
epidemiological research and access to much-needed 
healthcare resources [20, 21]. Given that these respond-
ents completed this survey voluntarily, it may be that an 
online survey format may be a safe and feasible method of 
conducting further research with this vulnerable cohort.

Relationship between choice of healthcare and recovery
The type of care accessed was associated with recov-
ery time, with a lack of care-seeking associated with 

recovery in less than one month. However, the relatively 
large 95%CI from a small number of respondents (8% 
of those who did not seek care had symptom resolution 
at 1  month or longer) warrants careful interpretation. 
Although this finding was unexpected, it was also noted 
that the symptom burden was lower for those who had 
not sought care, thus it more likely reflects the initial 
symptom presentation of the mTBI, rather than being 
related to the care received. In other words, if an indi-
vidual’s symptoms were mild they may be disinclined to 
seek care [23], and experience more rapid symptomatic 
recovery relative to those with a higher symptom burden.

Limitations
The primary limitation of this study is that ‘concussion’ 
was self-reported, without verification from medical 
records. The use of self-report in this case allowed us to 
capture the occurrence of mTBI in people who do not 
seek any care, and provided greater insight into the care 
seeking behaviours following mTBI in an Australian pop-
ulation. Other authors have suggested that self-report is 
the most feasible method of data collection for popula-
tion health surveys, and in particular to acquire informa-
tion about those who do not access healthcare services 
following mTBI [15, 23]. However, it is possible that our 
sample was biased towards those who had experienced 
more severe mTBI which may have implications for the 
generalizability of the results. For example, as our sample 
had a high proportion of respondents who experienced 
LOC, it may be that the respondents were more likely to 
seek care, particularly in a hospital setting. Conversely, a 
sample with a lower proportion of people who had expe-
rienced LOC may have an even higher proportion of peo-
ple who do not seek care.

Selection bias is also likely when conducting online sur-
veys as some demographic groups are more likely to be 
active online [37]. As outlined previously, the respond-
ents in our study appeared to have a higher level of edu-
cation overall compared to the Australian population. 
Our study found that those with a lower level of education 
were less likely to seek care, and thus it is possible that the 
actual proportion of people who do not seek care is even 
higher than the 21% we identified in this sample. Surveys 
responses were anonymous which means that answers 
could not be confirmed or clarified, however we felt that 
respondents would answer the survey more honestly and 
openly in this format which potentially reduces bias due 
to ‘social desirability’ [16, 38]. Respondents for this survey 
were reimbursed by Qualtrics or their panel providers with 
non-monetary incentives for participating, and this is also 
acknowledged as a source of potential selection bias [37].

A further limitation of this study is that retrospective 
data collection may yield less accurate recall of events, 
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particularly with regards to symptom presentation and 
duration [16]. We selected an 18-month timeframe as we 
anticipated that this allowed enough time for symptoms 
to have resolved, but was not so long that the memory 
of events would be inaccurate. We acknowledge that 
retrospective data collection has limitations and alter-
native methods such as shorter timeframes or other case-
ascertainment methods could be incorporated in future 
research. An oversight in our survey design was that we 
did not specify a timeframe for assessing ‘acute’ symp-
toms, and we recommend that future studies endeav-
our to be more explicit in defining a time post-injury. 
However, we are mindful that, as this was a retrospec-
tive study, people may have had difficulty recalling the 
timeframe of the symptoms they experienced. This is an 
inherent limitation of retrospective survey-based study 
designs.

The design of the survey was such that when report-
ing symptoms respondents were asked “Have you fully 
recovered from this concussion?” If they selected “Yes”, 
they were directed to a question asking “What were the 
main symptoms you experienced following your con-
cussion?”, whilst if they selected “No” they were asked 
“What symptoms are you still experiencing?” but were 
not asked about their initial symptoms. Consequently, 
we did not have data on early symptom presentation for 
those respondents who had not yet recovered (n = 27). 
In retrospect, we acknowledge that this was an oversight 
in survey design and would recommend altering this for 
future studies.

Significance of the study and future directions
This study demonstrated the feasibility of collecting 
mTBI information in an online retrospective format to 
examine patterns of initial healthcare utilisation. The 
methodology utilised in this survey has the potential to 
inform the implementation of a large-scale population-
based mTBI survey such as an Australian national health 
survey across different settings. A larger study involving 
younger (< 18 years old) and older populations (> 65 years 
old) would provide a more definitive estimation of 
healthcare utilisation following mTBI in Australia as 
well as allow collection of further epidemiological infor-
mation such as trends in age, sex, geographical location 
and mechanism of injury. In future research, longer term 
prospective follow-up would provide additional insight 
into the impact of mTBI on overall health, productiv-
ity, employment, and quality of life. Information such as 
this would assist healthcare providers in planning for the 
provision of appropriate healthcare resources, as well as 
the need for more specialised services such as ‘concus-
sion clinics’. Given that a large proportion of respond-
ents in this study attended hospital ED’s and primary 

care physicians (GP’s) it is also important to ensure that 
practitioners in these healthcare environments have the 
relevant skills, resources and confidence in assessing and 
managing mTBI [39, 40].

Improving community education on the signs and 
symptoms of mTBI, and the advantages of seeking pro-
fessional care following injury is also an important step 
forward to ensure the best possible outcomes for those 
who have sustained mTBI. In recent years public interest 
in sports-related concussion has increased exponentially 
with a concurrent benefit of greater awareness of concus-
sion occurrence [9]. It is imperative that this recognition 
is translated into better management, ideally through 
education of key stakeholders including sports players, 
parents, coaches, sports trainers, medical profession-
als and official sporting bodies [41]. Community-based 
seminars and information sessions may be used to build 
awareness and disseminate current prevention and man-
agement guidelines [41]. Technology may also be used 
to great advantage in the mTBI context, to implement 
online education courses, social media campaigns and 
mobile phone-based apps which may assist with concus-
sion recognition and direct people towards early medical 
assistance.

Capturing information on the types of healthcare that 
people seek following mTBI in Australia remains chal-
lenging, particularly with regards to those cases that do 
not present to hospitals. This study revealed that over 
20% of respondents did not seek healthcare at all, whilst 
more than half of those who accessed healthcare did so 
via a hospital emergency department. These findings 
are important to take into account when estimating 
mTBI incidence and allocating health resources. Fur-
ther research efforts should be directed towards accu-
rately quantifying the number of patients who access 
hospital services nation-wide following mTBI, as well 
as improving surveillance infrastructure to determine 
the number of patients who present for primary health-
care outside the hospital environment. By improving 
our knowledge of the types of care people access fol-
lowing mTBI, including no care, we will gain a better 
understanding of the extent of mTBI in Australia. 

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12913-​022-​08244-3.

Additional file 1: Supplementary Table 1. Variables used in this 
study with corresponding survey questions, possible responses and 
re-categorisation.

Additional file 2: Supplementary Table 2. Distributions of choice of 
healthcare by (i) symptom resolution, (ii) time to symptom resolution and 
(iii) quality of life.

https://doi.org/10.1186/s12913-022-08244-3
https://doi.org/10.1186/s12913-022-08244-3


Page 13 of 14Thorne et al. BMC Health Services Research          (2022) 22:858 	

Acknowledgements
The authors wish to acknowledge Yasmin Abdelgadir for her assistance in the 
initial preparation of the data for analysis.

Authors’ contributions
MF, JT, ET, SM and SH conceptualised the study and participated in initial 
study design, with consultation from SA. SH, JT, SM, SA and MF obtained the 
research funding. JT conducted statistical analysis with assistance from HC and 
SH. JT and SH drafted the manuscript. All authors reviewed the manuscript. JT 
coordinated manuscript revisions. The author(s) read and approved the final 
manuscript. 

Funding
The funding for this research project was provided by the Perron Institute for 
Neurological and Translational Science through the award of a Perron Internal 
Grant. We wish to thank the Perron Institute for its support for this research.

Availability of data and materials
The datasets generated and/or analysed during the current study are not pub-
licly available due to ongoing data analysis as part of the “Recovery Experiences 
Following Concussion Survey”, but are available from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval was obtained from the Curtin University Human Research 
Ethics Committee (Approval Number HRE2020-0536) and all methods were 
carried out in accordance with the approved protocol. Potential participants 
were provided with information about the research prior to commencing the 
survey and all eligible respondents gave their informed consent to participate.

Consent for publication
Not required.

Competing interests
Prof. Melinda Fitzgerald declares her role as CEO of Connectivity Traumatic 
Brain Injury Australia Ltd. All other authors of this manuscript have no conflicts 
of interest associated with this publication.

Author details
1 School of Allied Health, Faculty of Health Sciences, Curtin University, Bentley, 
WA 6102, Australia. 2 Perron Institute for Neurological and Translational Science, 
Nedlands, WA 6009, Australia. 3 Curtin Health Innovation Research Institute, 
Curtin University, Bentley, WA 6102, Australia. 4 Centre for Healthy Ageing, 
Health Futures Institute, Murdoch University, Murdoch, WA 6150, Australia. 
5 Australian Alzheimer’s Research Foundation, Nedlands, WA 6009, Australia. 
6 School of Population Health, Curtin University, Bentley, WA 6102, Australia. 
7 Curtin Medical School, Faculty of Health Sciences, Curtin University, Bentley, 
WA 6102, Australia. 8 University of Western Australia, Crawley, WA 6009, Aus-
tralia. 9 La Trobe University, Bundoora, VIC 3086, Australia. 

Received: 6 December 2021   Accepted: 20 June 2022

References
	1.	 Langer L, Levy C, Bayley M. Increasing incidence of concussion: True 

epidemic or better recognition? J Head Trauma Rehabil. 2020;35(1):E60–6.
	2.	 Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact 

of traumatic brain injury: A brief overview. J Head Trauma Rehabil. 
2006;21:375–8.

	3.	 McCrory P, Meeuwisse W, Dvořák J, Aubry M, Bailes J, Broglio S, et al. 
Consensus statement on concussion in sport—the 5th international con-
ference on concussion in sport held in Berlin, October 2016. Br J Sports 
Med. 2017;51(11):838.

	4.	 Kontos AP, Deitrick JMA, Reynolds E. Mental health implications and 
consequences following sport-related concussion. Br J Sports Med. 
2016;50(3):139–40.

	5.	 Manley G, Gardner AJ, Schneider KJ, Guskiewicz KM, Bailes J, Cantu RC, 
et al. A systematic review of potential long-term effects of sport-related 
concussion. Br J Sports Med. 2017;51:969–77.

	6.	 Hellewell SC, Beaton CS, Welton T, Grieve SM. Characterizing the Risk of 
Depression Following Mild Traumatic Brain Injury: A Meta-Analysis of 
the Literature Comparing Chronic mTBI to Non-mTBI Populations. Front 
Neurol. 2020;1:350.

	7.	 Faden AI, Loane DJ. Chronic Neurodegeneration After Traumatic Brain 
Injury: Alzheimer Disease, Chronic Traumatic Encephalopathy, or Persis-
tent Neuroinflammation? Neurotherapeutics. 2015;12(1):143–50.

	8.	 Gardner RC, Byers AL, Barnes DE, Li Y, Boscardin J, Yaffe K. Mild TBI and 
risk of Parkinson disease: A Chronic Effects of Neurotrauma Consortium 
Study. Neurology. 2018;90(20):E1771–9.

	9.	 Finch CF, Clapperton AJ, McCrory P. Increasing incidence of hospitali-
sation for sport-related concussion in Victoria. Australia Med J Aust. 
2013;198(8):427–30.

	10.	 Cassidy JD, Carroll LJ, Peloso PM, Borg J, von Holst H, Holm L, et al. Inci-
dence, risk factors and prevention of mild traumatic brain injury: Results 
of the WHO Collaborating Centre Task Force on Mild Traumatic Brain 
Injury. J Rehabil Med Suppl. 2004;43:28–60.

	11.	 Australian Institute of Health and Welfare.  Hospital separations due to 
traumatic brain injury, Australia 2004–05 [Internet]. Adelaide: Australian 
Institute of Health and Welfare. 2008(45). Available from: https://​www.​
aihw.​gov.​au/​repor​ts/​injury/​hospi​tal-​separ​ations-​brain-​injury-​2004-​05/​
summa​ry.

	12.	 Thomas E, Fitzgerald M, Cowen G. Does Australia have a concussion 
’epidemic’? Concussion. 2020;5(1):CNC70. https://​doi.​org.​10.​2217/​
cnc-​2019-​0015.

	13.	 Canaway R, Boyle DIR, Manski-Nankervis JAE, Bell J, Hocking JS, Clarke 
K, et al. Gathering data for decisions: best practice use of primary care 
electronic records for research. Med J Aust. 2019;210(S6):S12–6.

	14.	 Thomas E, Fitzgerald M, Cowen G. Post-concussion states: How do we 
improve our patients’ outcomes? An Australian perspective J Concussion. 
2020;4:205970022096031.

	15.	 Gordon KE. The Silent Minority: Insights into Who Fails to Present for Med-
ical Care Following a Brain Injury. Neuroepidemiology. 2020;54:235–42.

	16.	 Delaney JS, Abuzeyad F, Correa JA, Foxford R. Recognition and character-
istics of concussions in the emergency department population. J Emerg 
Med. 2005;29(2):189–97.

	17.	 Buck PW. Mild traumatic brain injury: a silent epidemic in our practices. 
Heal Soc Work. 2011;36(4):299–302.

	18.	 Ferdinand Pennock K, McKenzie B, McClemont Steacy L, Mainwaring L. 
Under-reporting of sport-related concussions by adolescent athletes: a 
systematic review. Int Rev Sport Exerc Psychol. 2020. https://​doi.​org/​10.​
1080/​17509​84X.​2020.​18242​43.

	19.	 Kroshus E, Garnett B, Hawrilenko M, Baugh CM, Calzo JP. Concussion 
under-reporting and pressure from coaches, teammates, fans, and par-
ents. Soc Sci Med. 2015;134:66–75.

	20.	 Monahan K. Intimate Partner Violence, Traumatic Brain Injury, and Social 
Work: Moving Forward. Soc Work. 2018;63(2):179–81.

	21.	 Zieman G, Bridwell A, Cárdenas JF. Traumatic Brain Injury in Domestic Vio-
lence Victims: A Retrospective Study at the Barrow Neurological Institute. 
J Neurotrauma. 2017;34(4):876–80.

	22.	 Whiteneck GG, Cuthbert JP, Corrigan JD, Bogner JA. Prevalence of 
self-reported lifetime history of traumatic brain injury and associated 
disability: A statewide population-based survey. J Head Trauma Rehabil. 
2016;31(1):E55-62.

	23.	 Setnik L, Bazarian JJ. The characteristics of patients who do not seek 
medical treatment for traumatic brain injury. Brain Inj. 2007;21(1):1–9.

	24.	 Lovell MR, Iverson GL, Collins MW, Podell K, Johnston KM, Pardini D, 
et al. Measurement of Symptoms Following Sports-Related Concus-
sion: Reliability and Normative Data for the Post-Concussion Scale. Appl 
Neuropsychol. 2006;13(3):166–74.

	25.	 Von Steinbuechel N, Wilson L, Gibbons H, Muehlan H, Schmidt H, 
Schmidt S, et al. QOLIBRI overall scale: A brief index of health-related 
quality of life after traumatic brain injury. J Neurol Neurosurg Psychiatry. 
2012;83(11):1041–7.

	26.	 Gorbunova A, Zeldovich M, Voormolen DC, Krenz U, Polinder S, Haagsma 
JA, et al. Reference Values of the QOLIBRI from General Population 
Samples in the United Kingdom and The Netherlands. J Clin Med. 
2020;9:2100.

https://www.aihw.gov.au/reports/injury/hospital-separations-brain-injury-2004-05/summary
https://www.aihw.gov.au/reports/injury/hospital-separations-brain-injury-2004-05/summary
https://www.aihw.gov.au/reports/injury/hospital-separations-brain-injury-2004-05/summary
https://doi.org/10.2217/cnc-2019-0015
https://doi.org/10.2217/cnc-2019-0015
https://doi.org/10.1080/1750984X.2020.1824243
https://doi.org/10.1080/1750984X.2020.1824243


Page 14 of 14Thorne et al. BMC Health Services Research          (2022) 22:858 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	27.	 McCrea M, Guskiewicz K, Randolph C, Barr WB, Hammeke TA, Marshall 
SW, et al. Incidence, clinical course, and predictors of prolonged recovery 
time following sport-related concussion in high school and college 
athletes. J Int Neuropsychol Soc. 2013;19(1):22–33.

	28.	 Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. 3rd ed. 
Philadelphia: Wolters Kluwer Health/Lippincott Williams & Wilkins; 2008. 
Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​24644​503.

	29.	 Nguyen R, Fiest KM, McChesney J, Kwon CS, Jette N, Frolkis AD, et al. The 
international incidence of traumatic brain injury: A systematic review and 
meta-analysis. Can J Neurol Sci. 2016;43(6):774–85.

	30.	 Feigin VL, Theadom A, Barker-Collo S, Starkey NJ, McPherson K, Kahan M, 
et al. Incidence of traumatic brain injury in New Zealand: A population-
based study. Lancet Neurol. 2013;12(1):53–64.

	31.	 Rust G, Ye J, Baltrus P, Daniels E, Adesunloye B, Fryer GE. Practical Barri-
ers to Timely Primary Care Access: Impact on Adult Use of Emergency 
Department Services. Arch Intern Med. 2008;168(15):1705.

	32.	 Australian Bureau of Statistics. Australia : 2016 Census All persons 
QuickStats [Internet]. Available from: https://​www.​abs.​gov.​au/​census/​
find-​census-​data/​quick​stats/​2016/0. Accessed 15 May 2022.

	33.	 Freed CR, Hansberry ST, Arrieta MI. Structural and hidden barriers to a 
local primary health care infrastructure: Autonomy, decisions about pri-
mary health care, and the centrality and significance of power. Res Sociol 
Health Care. 2013;31:57–81.

	34.	 Turner RW, Lucas JW, Margolis LH, Iii MPH, Corwell BN, Health C. A prelimi-
nary study of youth-sport concussions: parents’ health literacy and knowl-
edge of return-to-play protocol criteria. Brain Inj. 2017;31(8):1124–30.

	35.	 Schmidt JD, Anderson M, Rawlins MW, Foster CA, Johnson BR, Lauro 
CD’, et al. Number of prior concussions predict poorer concussion care 
seeking in military cadets. Brain Inj. 2021;35(12–13):1598–606. Available 
from:https://​doi.​org/​10.​1080/​02699​052.​2021.​19764​18.

	36.	 Thompson AE, Anisimowicz Y, Miedema B, Hogg W, Wodchis WP, Aubrey-
Bassler K. The influence of gender and other patient characteristics on 
health care-seeking behaviour: a QUALICOPC study. BMC Fam Pract. 
2016;17:38.

	37.	 Ball HL. Conducting Online Surveys. J Hum Lact. 2019;35(3):413–7.
	38.	 Van De Mortel TF. Faking it: social desirability response bias in self-report 

research. Aust J Adv Nurs. 2008;25(4):57–81.
	39.	 Thomas E, Chih HJ, Gabbe B, Fitzgerald M, Cowen G. A cross-sectional 

study reporting concussion exposure, assessment and management in 
Western Australian general practice. BMC Fam Pract. 2021;22(1):1–11.

	40.	 Sharp DJ, Jenkins PO. Concussion is confusing us all. Pract Neurol. 
2015;15(3):172.

	41.	 Finch CF, White P. The new concussion in sport guidelines are here. But 
how do we get them out there? Br J Sports Med. 2017;51(24):1734.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.ncbi.nlm.nih.gov/pubmed/24644503
https://www.abs.gov.au/census/find-census-data/quickstats/2016/0
https://www.abs.gov.au/census/find-census-data/quickstats/2016/0
https://doi.org/10.1080/02699052.2021.1976418

	Healthcare choices following mild traumatic brain injury in Australia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design
	Sample recruitment
	Data quality assessment
	Study measures
	Statistical analysis

	Results
	Demographic characteristics
	Relationship between injury-related (pre- and peri-injury) factors and choice of healthcare
	Relationship between symptom presentation and choice of initial healthcare
	Relationship between choice of healthcare and recovery

	Discussion
	Factors influencing choice of care
	Relationship between choice of healthcare and recovery
	Limitations
	Significance of the study and future directions

	Acknowledgements
	References


