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ABSTRACT 

Objectives. This study explored publicly funded health system and patient expenditure in the 
post-acute phase following discharge from inpatient acquired brain injury (ABI) or spinal cord 
injury (SCI) rehabilitation. The secondary aim was to explore sociodemographic and injury 
characteristics associated with high costs. Methods. This was a prospective cohort study. 
153 patients (ABI: n = 85; SCI: n = 68) who consented to the use of their Medicare data were 
recruited between March 2017 and March 2018, at the point of discharge from ABI or SCI 
specialist rehabilitation units. The main outcome measure involved linkage of the Medicare Benefits 
Schedule (MBS) and Pharmaceutical Benefits Scheme (PBS) data for the 12 months following 
discharge from rehabilitation. Bayesian penalised regression was used to determine characteristics 
associated with high costs. Results. The median number of MBS items used in the 12 months after 
discharge was 33 (IQR: 21–52). General practitioners and allied health services were accessed by 
100% and 41% of the cohort, respectively. The median MBS system cost (in Australian dollars) was 
$2006 (IQR: $162–$3090). Almost half (46%) of the participants had no MBS patient expenditure. 
The median PBS system cost was $541 (IQR: $62–$1574). For people with ABI, having a traumatic 
injury or one comorbidity was associated with lower PBS system costs by on average $119 and 
$134, respectively. We also found that hospitalisation in ABI was associated with higher PBS system 
costs, by on average $669. Conclusion. There was evidence of high and variable MBS and PBS 
costs, raising concerns about financial hardship. Future research should focus on identifying any 
unmet service and prescription needs in the post-acute rehabilitation phase for these populations.  

Keywords: acquired brain injury, healthcare costs, Medicare Benefits Schedule, primary care, 
Pharmaceutical Benefits Scheme, rehabilitation, service use, spinal cord injury. 

Medicare was established to provide subsidised medical and hospital services to minimise 
disadvantage for Australian citizens. This is particularly important for acquired disability 
populations for whom complex care needs would otherwise be hindered by catastrophic 
financial pressures in lieu of subsidy systems. Acquired disability is often associated with 
routine, lifelong health and rehabilitation service use, the absence of which can contribute to 
premature decline in functioning, placing significant pressure on the Australian healthcare 
system.1 As such, subsidy systems are critical to equitable and affordable access for people 
who sustain an acquired brain injury (ABI) or spinal cord injury (SCI), and avoidance of a 
compromised recovery and further decline in health status.1–3 In Australia this includes the 
Medicare Benefits Schedule (MBS): a national health insurance system that provides no-cost 
public hospital access and out-of-hospital medical services, at no or ‘minimal’ cost to the 
service user for eligible items;4 and the Pharmaceutical Benefits Scheme (PBS): a national 
government medication subsidy program for eligible prescriptions.4,5 

Despite being clinically distinct, ABI and SCI are both populations with complex 
rehabilitation and care needs that are characterised by routine health system utilisation, 
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with greater hospital and primary care use than the general 
population, which in turn account for considerably higher 
costs.6–8 Engagement with post-acute primary health and 
rehabilitation services is a critical transition pathway for 
many ABI and SCI patients.9–11 This ongoing health service 
mix is heterogenous, meaning that the combination and 
service costs after inpatient rehabilitation varies.12 

Although some in these clinical cohorts are eligible for the 
different lifetime care schemes in Australia, most also rely 
on Medicare and federal subsidies, either fully or in part, to 
fund primary and specialist care, medication prescriptions 
and allied health services expenditure.13 

Although the complex needs and high health costs for 
these clinical cohorts are well-documented, there is a pau-
city of data detailing the specific service use and costs in the 
early, post-acute phase in Australia. As such, this explora-
tory study had two aims: (1) to describe MBS and PBS item 
use and the associated costs in the 12 months after discharge 
from inpatient ABI and SCI units; and (2) to explore whether 
sociodemographic and injury characteristics were associated 
with higher MBS and/or PBS costs. 

Methods 

Study design 

Using a prospective cohort design, participants were followed 
for 12 months after discharge from specialist ABI or SCI reha-
bilitation units.14 Data on each participant were extracted 
from electronic medical records, and via Medicare-linked 
data.15 Ethics approval for the project was granted from the 
Metro South Human Research Ethics Committee (HREC/16/ 
QPAH/684; SSA/16/QPAH/685) and the Griffith University 
Human Research Ethics Committee (2016/915). The study 
followed the principles outlined in the Declaration of 
Helsinki, except for registration in a public database. 

Setting and participants 

Participants were recruited at the point of discharge, from 
the specialist ABI or SCI rehabilitation units, at the Princess 
Alexandra Hospital (PAH), Queensland, Australia. The PAH 
is a major tertiary facility in the Metro South Health and 
Hospital Service, serving an estimated 1 million people and 
providing state-wide ABI and SCI rehabilitation services.16 

A convenience sample of participants was recruited 
between March 2017 and March 2018. Participants were 
recruited as part of a larger study investigating access and 
wellbeing after acquired disability.14 Eligibility criteria 
included: (i) a new diagnosis of SCI or ABI; (ii) age 
≥18 years; and (iii) capacity to provide informed consent, 
or consent via a substitute decision maker on behalf of the 
patient. All participants or their decision makers provided 
written informed consent. 

Data measures 

Sociodemographic, injury-related, hospital length of stay 
(acute hospital plus specialist rehabilitation stay), discharge 
variables and comorbidities were extracted from electronic 
medical records. This included: age, gender, marital status, 
education, living situation, injury type and severity, funding 
support and discharge destination. Traumatic brain injury 
severity was classified as mild, moderate or severe according 
to published guidelines using the Glasgow Coma Scale,17 

and injury level for SCI as paraplegia or tetraplegia. SCI 
completeness was based on the American Spinal Injury 
Association Impairment Scale (AIS), in which a grading of 
A relates to a complete injury and levels B–D represent 
varying levels of an incomplete SCI.18 MBS and PBS data 
for the 12 month period after rehabilitation discharge were 
accessed via data linkage. 

The MBS items were grouped into 10 categories: general 
practitioner (GP), specialist, medical practitioner, nursing, 
allied health, psychology, optometric, diagnostic procedures 
and investigations, pathology services, and therapeutic pro-
cedures. These categories are largely based on the broad 
MBS item categories (Supplementary Table S1).15 The PBS 
data include the medication item code and descriptions and 
dispensing date for medicines eligible under the National 
Health Act 1953, for which a claim was processed.5 MBS 
and PBS costs are reported as the benefit paid, that is, the 
amount of a service or prescription covered by the schedule 
or scheme (henceforth, system costs), and patient out-of- 
pocket costs, consisting of the balance paid by patients for 
the service or prescription above the Medicare reimburse-
ment (henceforth, patient costs). MBS items that do not 
incur patient out-of-pocket costs are considered bulk-billed 
and are accounted for under system costs. 

Medicare and the Pharmaceutical Safety Net protect 
against high out-of-pocket costs.4 Once an individual 
(or family group, if applicable) reaches a certain out-of- 
pocket amount during a calendar year, all subsequent 
expenditure will have a higher amount subsidised, ulti-
mately reducing all subsequent out-of-pocket costs.19 

Safety nets are automatically calculated and taken into 
consideration in the MBS costings data. 

Data analysis 

All analyses were undertaken using R.20 First, MBS and PBS 
use and costs were summarised for the cohort and by injury 
type as count (percent) or median (IQR). Second, Bayesian 
penalised regression was used to conduct an exploratory 
analysis of factors associated with the MBS and PBS system 
and patient costs. Bayesian penalised regression is a variable 
selection method that guards against overfitting, with the 
estimates of unimportant coefficients in the model shrunk 
towards zero.21 This is achieved by specifying the shrinkage 
prior distributions (i.e. horseshoe (d.f. = 1)) for all coeffi-
cients in the model.21 MBS patient costs were modelled 
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using a zero-inflated negative binomial response distribu-
tion. All other outcomes were logged and modelled with a 
Gaussian response distribution. 

The predictor variables of age (standardised; mean = 0, 
s.d. = 1), gender (levels: male, female), hospital length of 
stay (standardised; mean = 0, s.d. = 1), living situation 
(levels: living alone, living with others), funding support 
(levels: no, yes), injury aetiology (levels: traumatic, non- 
traumatic), comorbidities (levels: 0, 1, >1) and hospitalisa-
tions (levels: no, yes) were considered for inclusion in each 
model. When fitting the SCI models, we also considered 
injury completeness (levels: incomplete, complete). Injury 
severity (levels: mild, moderate, severe) was considered 
when fitting the ABI models. Because the sample sizes of 
ABI and SCI were relatively small, exploratory plots were 
used to identify potentially important predictors of each 
outcome variable before model fitting. The ratio of the 
number of expected non-zero coefficients to the number of 
expected zero coefficients was set to 1/5. The models were 
fitted using Stan with the brms interface.22 

In interpreting the regression coefficients, we focused 
on effects for which the chance of the effect being greater 
or less than zero (depending on the direction of the effect) 
was at least 90%. This standard is suited to the exploratory 
nature of the analysis, and to acknowledge the relatively 
low threshold we use the terminology ‘evidence’ when 
referring to the results. Markov chain Monte Carlo proce-
dures (8 chains, each with 2000 iterations, and a 50% 
burn-in) were used to generate posterior estimates 
of expected values. Posterior estimates of interest were: 
(i) the probability that a regression coefficient was greater 
than zero (Pr β > 0) or less than zero (Pr β < 0) and (ii) the 
mean and 90% credible interval (CrI) of regression 
coefficients. 

Results 

Sample characteristics 

In total, MBS and PBS data were obtained for 153 partici-
pants (ABI: n = 85; SCI: n = 68). Six participants (4%, all 
ABI) appeared in the MBS but not the PBS dataset. 
Participants were mostly male (72%), had a median age of 
48 years, and there was an even representation across trau-
matic and non-traumatic aetiologies (Table 1). 

MBS items 

A total of 6513 (ABI: n = 3203; SCI: n = 3310) MBS items 
were accessed in the 12 months following discharge. The 
median number of items per participant was 33 (IQR: 
21–52; range: 4–189). Pathology services (36%), GP 
appointments (34%) and diagnostic procedures (10%) 
accounted for 80% of all MBS items used. The proportion 

of participants accessing MBS services is given in Table 2. 
GPs and allied health services were accessed by 100% and 
41% of the full cohort (i.e. ABI and SCI), respectively. 

MBS costs 

The total MBS system costs (in Australian dollars) for the full 
cohort were $386 513, for which ABI accounted for 53% 
($205 019/$386 513) and SCI accounted for 47% ($181 494/ 
$386 513). MBS system and patient costs are given in Table 3 
for ABI and Table 4 for SCI. The median system cost was $2006 
(IQR: $1162–$3090; range: $264–$12 495), which was similar 
across injury type, while MBS median patient costs were lower 
for participants with SCI (Table 5, Fig. 1). Of the full cohort, 
46% incurred no out-of-pocket costs, having been bulk-billed 
for all MBS items used during the 12 month observation period 
(Table 5). MBS patient out-of-pocket costs were $60 747 for the 
full cohort. For patients who did incur MBS out-of-pocket 
expenses, the median patient expenditure for the 12 month 
observation period was $314 (IQR: $125–$862). MBS patient 
and system costs are shown in Fig. 1. 

Factors associated with MBS costs 

We did not find any evidence that any of the sociodemo-
graphic or injury-related variables explored had an effect on 
MBS system or patient costs, for both ABI and SCI. 

PBS items 

Prescription data were available for 147 participants and 
involved 6016 dispensed prescriptions (ABI: n = 2662; SCI: 
n = 3354). The median dispensed prescriptions per ABI and 
SCI participants was 26 (IQR: 13–57; range: 1–120) and 40 
(IQR: 20–63; range: 3–249), respectively. Oxycodone and 
pregabalin were among the top five dispensed medications 
for both the ABI and SCI groups (Supplementary Table S2). 

PBS costs 

The total PBS system costs for all 147 participants (ABI: 
n = 79; SCI: n = 68) were $412 829, of which ABI 
accounted for 52% ($215 798/$412 829) and SCI accounted 
for the remaining 48% ($197 031/$412 829). The median 
system costs for the full cohort were $541 (IQR: $62–$1574; 
range: $0–$69 649) and were higher for those with SCI 
(Table 5). PBS patient and system costs are shown in  
Fig. 2. PBS patient costs for all participants were $66 599 
(ABI: $28 954; SCI: $37 645). The median PBS patient cost 
was $325 (IQR: $150–$509; range: $0–$2182) for the full 
cohort (Table 5). 

Factors associated with PBS costs 

Traumatic brain injuries were associated with lower PBS 
system costs compared with non-traumatic brain injuries 
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Table 1. Participant sociodemographic and injury characteristics, funding source, employment status, living situation, hospital length of stay 
and comorbidities.      

Variable Total (n = 153) ABI (n = 85) SCI (n = 68)   

Age (years), median (IQR)  48 (29–59)  46 (26–59)  52 (34–64) 

Male  110 (72%)  60 (71%)  50 (74%) 

Indigenous status, Aboriginal  2 (1%)  2 (2%)  0 (0%) 

Marital status  

Single  55 (37%)  35 (43%)  20 (30%)  

Married  72 (48%)  35 (43%)  37 (55%)  

Divorced/separated  22 (15%)  12 (15%)  10 (15%) 

Injury aetiology  

Non-traumatic  73 (48%)  43 (51%)  30 (44%)  

Traumatic  80 (52%)  42 (49%)  38 (56%)   

Mild  –  1 (1%)  –   

Moderate  –  2 (2%)  –   

Severe  –  38 (45%)  – 

Spinal cord injury level  

Paraplegia  –  –  45 (66%)  

Tetraplegia  –  –  23 (34%) 

Spinal cord injury completeness  

Complete (AIS level A)  –  –  21 (31%)  

Incomplete (AIS level B–D)  –  –  47 (69%) 

State government motor vehicle accident insurance fundingA  29 (19%)  19 (22%)  10 (15%) 

Employment situation at discharge  

Same/similar job, same hours  11 (7%)  4 (5%)  7 (10%)  

Same/similar job, reduced hours  9 (6%)  6 (7%)  3 (4%)  

Different job due to reduced function  3 (2%)  0 (0%)  3 (4%)  

Not able to work  33 (22%)  14 (16%)  19 (28%)  

Chosen to retire  12 (8%)  1 (1%)  11 (16%)  

Too early to determine  84 (55%)  60 (71%)  24 (36%) 

Educational attainment  

Below higher secondary  30 (20%)  18 (22%)  12 (18%)  

Higher secondary  24 (16%)  16 (20%)  8 (12%)  

Diploma or certificate  20 (13%)  9 (11%)  11 (16%)  

Trade/apprenticeship  15 (10%)  8 (10%)  7 (10%)  

Tertiary/postgraduate  24 (16%)  18 (22%)  6 (9%)  

Other post-secondary school  2 (1%)  0 (0%)  2 (3%)  

Unknown  35 (23%)  13 (16%)  22 (32%) 

Discharge destination  

Private residence  118 (98%)  69 (100%)  49 (94%)  

Residential high-level care  2 (2%)  0 (0%)  2 (4%)  

Other  1 (1%)  0 (0%)  1 (2%) 

(Continued on next page) 
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(Pr β < 0 = 0.929), by on average $119 (90% CrI = –$2, 
$375). There was also evidence of lower PBS system costs 
for those with one comorbidity compared with no 

comorbidities (Pr β < 0 = 0.903), by on average $134 
(90% CrI = –$5, $414). There was evidence of higher PBS 
system costs for people with ABI who were hospitalised in 
the first 12 months after discharge (Pr β > 0 = 0.933), by on 
average $669 (90% CrI = −$3, $2438). 

For people with ABI, there was evidence of a very small 
increase in PBS patient costs with age (Pr β > 0 = 0.911), 
with a 16.8 year change in age associated with a $29 (90% 
CrI = –$2, $96) higher cost. For ABI, having two or 
more comorbidities was associated with higher PBS patient 
costs compared with those with no comorbidities 
(Pr β > 0 = 0.995), by on average $190 (90% CrI = $65, 
$336), and compared with those with only one comorbidity 
(Pr β > 0 = 0.990), by on average $164 (90% 
CrI = $44, $304). 

It was unclear whether people with SCI who had two 
or more comorbidities had higher PBS system costs 
(Pr β > 0 = 0.894) compared with those with only one 
comorbidity (β = $1041; 90% CrI =−$27, $3560). We 
did not find evidence of effects of any predictor variable 
on PBS patient costs for people with SCI. 

Discussion 

Medicare use and costs, and PBS costs in the first year after 
hospital discharge were highly variable in people with ABI 
and SCI. Our exploratory analysis shows that for those with 
ABI, there was evidence that having a traumatic injury or 
only one comorbidity was associated with lower PBS system 
costs, whereas hospitalisation was associated with higher 
PBS system costs. A very small increase in PBS patient cost 
was associated with a large increase in age (~17 years), 
with higher PBS patient costs associated with having multi-
ple comorbidities. We did not find any evidence that any of 
the studied sociodemographic or injury-related variables 
were associated with MBS system or patient costs. The 
presence of comorbidities in the ABI cohort was more costly 

Table 1. (Continued)     

Variable Total (n = 153) ABI (n = 85) SCI (n = 68)   

Living situation  

Living alone  38 (25%)  22 (27%)  16 (24%)  

Living with others  112 (75%)  60 (73%)  52 (76%) 

ComorbiditiesB  

None  27 (18%)  16 (19%)  11 (16%)  

One  34 (22%)  20 (24%)  14 (21%)  

Two or more  92 (60%)  49 (58%)  43 (63%) 

AThe Queensland state motor vehicle accident funding body is National Injury Insurance Scheme Queensland (NIISQ). 
BComorbidities includes: chronic pain, drug and alcohol abuse, obesity, arthritis; and haematological, respiratory, neurological, gastrointestinal, metabolic, 
endocrine, musculoskeletal, urological and ophthalmological problems. 
AIS, American Spinal Injury Association Impairment Scale.  

Table 2. Proportion of Medicare Benefits Schedule items accessed 
by participants.      

MBS categories 
accessed 

Total 
(n = 153) 

ABI 
(n = 85) 

SCI 
(n = 68)   

Medical, nursing and allied health practitioners  

General practitionerA  100%  100%  100%  

SpecialistB  68%  60%  78%  

Medical practitionerC  7%  5%  10%  

Nurse  14%  16%  12%  

Allied health 
(excluding psychology)  

25%  21%  31%  

Psychology  22%  32%  10%  

Optometric  46%  55%  35% 

Diagnostic, tests and procedures  

Pathology servicesD  85%  82%  88%  

Diagnostic procedures 
and investigationsE  

88%  87%  88%  

Therapeutic 
proceduresF  

37%  31%  46% 

AAll ‘Category 1: professional attendances’ exclusively delivered by a general 
practitioner (e.g. consultation levels A, B and C, health assessments, after 
hours attendances). 
BAll ‘Category 1: professional attendances’ items that are exclusively delivered 
by a specialist. 
CAll ‘Category 1: professional attendances’ items where medical practitioner 
is not exclusively specified as either a general practitioner or specialist. 
DAll ‘Category 6: pathology services’ items (e.g. simple basic tests, tissue 
pathology). 
EAll items under ‘Category 2: diagnostic procedures and investigations’ and 
‘Category 5: diagnostic imaging services’; and diagnostic audiology services. 
FAll ‘Category 3: therapeutic procedures’ items (e.g. radiation oncology, 
anaesthetics, surgical operations).  
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Table 4. Medicare Benefits Schedule items and cost for spinal cord injury participants (n = 68).        

MBS item % of MBS 
items 

Total system 
costs 

% of system 
costs 

Total patient 
costs 

% of patient 
costs   

Medical, nursing and allied health practitioners  

General practitionerA  34%  $67 767  37%  $4441  13%  

SpecialistB  7%  $17 970  10%  $6895  20%  

Medical practitionerC  1%  $692  <1%  $0  <1%  

Nursing services  <1%  $156  <1%  $0  <1%  

Allied health services (excluding psychology)  2%  $3449  2%  $625  2%  

Psychology services  1%  $3980  2%  $86  <1%  

Optometric services  1%  $1279  1%  $53  <1% 

Diagnostic, tests and procedures  

Pathology servicesD  38%  $19 693  11%  $1386  4%  

Diagnostic procedures and investigationsE  10%  $44 051  24%  $4828  14%  

Therapeutic proceduresF  6%  $22 457  12%  $15 957  47% 

Total costs  100%  $181 494  100%  $34 272  100% 

Costs are reported in Australian dollars (AUD). 
AAll ‘Category 1: professional attendances’ exclusively delivered by a general practitioner (e.g. consultation levels A, B and C, health assessments, after hours 
attendances). 
BAll ‘Category 1: professional attendances’ items that are exclusively delivered by a specialist. 
CAll ‘Category 1: professional attendances’ items where medical practitioner is not exclusively specified as either a general practitioner or specialist. 
DAll ‘Category 6: pathology services’ items (e.g. simple basic tests, tissue pathology). 
EAll items under ‘Category 2: diagnostic procedures and investigations’ and ‘Category 5: diagnostic imaging services’; and diagnostic audiology services. 
FAll ‘Category 3: therapeutic procedures’ items (e.g. radiation oncology, anaesthetics, surgical operations).  

Table 3. Medicare Benefits Schedule items and cost for acquired brain injury participants (n = 85).        

MBS item % of MBS items Total system 
costs 

% of system 
costs 

Patient 
costs 

% of patient 
costs   

Medical, nursing and allied health practitioners  

General practitionerA  35%  $65 729  32%  $4201  16%  

SpecialistB  5%  $13 538  7%  $5147  19%  

Medical practitionerC  <1%  $697  0%  $88  <1%  

Nursing services  1%  $300  0%  $0  <1%  

Allied health services (excluding psychology)  2%  $3073  1%  $834  3%  

Psychology services  4%  $17 059  8%  $3765  14%  

Optometric services  3%  $4469  2%  $276  1% 

Diagnostic, tests and procedures  

Pathology servicesD  34%  $19 730  10%  $720  3%  

Diagnostic procedures and investigationsE  10%  $56 909  28%  $3574  13%  

Therapeutic proceduresF  6%  $23 514  11%  $7870  30% 

Total costs  100%  $205 019  100%  $26 475  100% 

Costs are reported in Australian dollars (AUD). 
AAll ‘Category 1: professional attendances’ exclusively delivered by a general practitioner (e.g. consultation levels A, B and C, health assessments, after hours 
attendances). 
BAll ‘Category 1: professional attendances’ items that are exclusively delivered by a specialist. 
CAll ‘Category 1: professional attendances’ items where medical practitioner is not exclusively specified as either a general practitioner or specialist. 
DAll ‘Category 6: pathology services’ items (e.g. simple basic tests, tissue pathology). 
EAll items under ‘Category 2: diagnostic procedures and investigations’ and ‘Category 5: diagnostic imaging services’; and diagnostic audiology services. 
FAll ‘Category 3: therapeutic procedures’ items (e.g. radiation oncology, anaesthetics, surgical operations).  
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to the individual. There was no evidence of comorbidities 
being more costly for people with SCI, despite comparable 
comorbidities to those with ABI. Although not generalisable, 
our findings indicate high MBS and PBS use and large 
variability in system and patient costs in the first 12 months 
following discharge, which is likely to be a reflection of the 
heterogeneity across and within these population groups. 

Median patient out-of-pocket costs in this study are 
below that seen in other clinical populations (Table 5), for 
example, in the 12 months following diagnosis of a major 
cancer.23 However, this needs to be considered in certain 
contexts. First, although numerous studies have undertaken 

linkage processes investigating Medicare use and/or costs, 
there is substantial heterogeneity among the studies, making 
comparisons difficult. Previous studies vary in relation to 
population (e.g. injury-specific or general population), 
observation period (e.g. up to 10 year follow-up24) and the 
Medicare items studied (e.g. mental health25 or telehealth26 

items). Second, the costs identified in our study account for 
only a portion of the overall lifetime costs for these two 
cohorts, and further, were not representative of the full 
breadth of costs for our data collection period. For example, 
inpatient hospital costs, for which people with traumatic SCI 
and ABI typically incur a higher number of hospitalisations 
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Fig. 1. System (benefit paid) and patient (out-of-pockets) costs for the Medicare Benefits Schedule (MBS) by injury type. Data 
are presented for each plot as: a scatter plot with points representing individual costs for the sample (left); a boxplot shown as 
the lowest value, first quartile, median, third quartile and maximum value (middle); and a half eye density where the width 
represents the concentration of costs (right).    

Table 5. Median participant MBS and PBS benefit paid and out-of-pocket costs.      

Costs Total (n = 153) ABI (n = 85) SCI (n = 68)   

MBS costs, median (IQR) [range]  

Benefit paid $2006 ($1162–$3090) 
[$264–$12 495] 

$1974 ($1131–$3112) 
[$327–$12 495] 

$2027 ($1367–$3044) 
[$264–$12 112]  

No out-of-pocket expenses,A n (%) 71 (46%) 40 (47%) 31 (46%)  

Patient out-of-pocket cost $40 ($0–$388) [$0–$5909] $46 ($0–$305) [$0–$3034] $24 ($0–$477) [$0–$5909]  

Patient out-of-pocket cost, 
excluding those with no out-of- 
pocket expense 

$314 ($125–$862) [$4–$5909] $292 ($137–$630) [$19–$3034] $344 ($85–$1009) [$4–$5909] 

PBS costs, median (IQR) [range]  

Benefit paid $541 ($62–$1574) [$0–$69 649] $381 ($22–$1666) [$0–$69 336] $748 ($139–$1548) [$0–$69 649]  

Patient out-of-pocket cost $325 ($150–$509) [$0–$2182] $301 ($128–$458) [$0–$1954] $357 ($201–$691) [$26–$2182]  

No out-of-pocket expenses, n (%) 1 (<1%) 1 (1%) 0 

Costs are reported in Australian dollars (AUD). 
AServices where no patient out-of-pocket expenses are incurred are bulk-billed and accounted for in the MBS system costs. 
ABI, acquired brain injury; MBS, Medicare Benefits Schedule; PBS, Pharmaceutical Benefits Scheme; SCI, spinal cord injury.  
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and inpatient hospital days in the 12 months following 
injury,27 are funded at the State government level. 

From a practical standpoint, this study provides an 
important initial benchmark of Medicare use and costs in 
two groups of people with severe and often permanent, 
acquired disabilities with complex health and rehabilita-
tion needs. These initial findings can contribute to the 
identification of longer-term service use patterns and 
their relation to wellbeing and inequities/hardships, 
which could deter help-seeking behaviours. Additionally, 
they could also be used to understand the impacts of 
service interruptions, including those resulting from the 
coronavirus (COVID-19) pandemic or increasing natural 
disasters. Further studies should consider similar bench-
marking in these rehabilitation populations, using larger 
sample sizes, from multiple Australian states. Such studies 
may also need to consider any impact of outside insurance 
schemes and system-level funding on Medicare use, includ-
ing the National Disability Insurance Scheme (NDIS). The 
NDIS, which was progressively rolled out in specific 
regions across Queensland from 2017 to January 2019,28 

was not accounted for in the current study due to 
incomplete coverage during the time of recruitment 
(March 2017–March 2018), extending into the 12 month 
observation period (until March 2019). Although the NDIS 
does not cover medical services, future studies will need to 
take into consideration that allied health are one of the 
largest groups of registered providers and supports for 
people receiving NDIS funding.29 

The median MBS system cost was similar across injury 
type, at ~$2000 (Table 5). In contrast, PBS system costs 
were higher for SCI (Table 5), which may be explained by 

differences in polypharmacy between SCI and ABI. Our 
exploratory modelling showed that traumatic brain injury 
had lower PBS system costs. This could be due to traumatic 
injuries being more compensable, for which insurance 
schemes would offset prescription and service costs. In 
the current context, this includes the National Injury 
Insurance Scheme Queensland (NIISQ), which is a no- 
fault based scheme that provides lifetime treatment and 
care for anyone who sustains a serious personal injury in 
a motor vehicle accident on or after 1 July 2016.30 Nearly 
one in five participants in the current study were covered 
by NIISQ (22% for those with ABI and 15% in SCI), and 
although NIISQ coverage was not found to be important 
based on our exploratory modelling, this does not preclude 
NIISQ from being an important consideration for costings in 
larger sample sizes, or in studies with longer observation 
periods. 

We found that, in general, Medicare services were 
accessed by people with ABI and SCI to a similar extent as 
other Australians with varying long-term health conditions 
(e.g. diabetes, kidney disease).31 However, our cohort 
accessed some services more, such as medical specialists 
(68% versus 53%), which may reflect the immediate post- 
acute needs of our cohort.31 Of interest, some services that 
accounted for only a small proportion of MBS items, 
incurred significant patient or system cost. For example, 
therapeutic procedures represented 6% of MBS items 
for those with SCI yet accounted for 47% of patient 
out-of-pocket costs (Table 4). Medical specialist appoint-
ments were similar, accounting for between 5% and 7% of 
MBS items for those with ABI or SCI and contributing 
between 19% and 20% of patient costs (Tables 3, 4). 
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Fig. 2. System (benefit paid) and patient (out-of-pockets) costs for the Pharmaceutical Benefits Scheme (PBS) by injury type. 
Data are presented for each plot as: a scatter plot with points representing individual costs for the sample (left); a boxplot shown 
as the lowest value, first quartile, median, third quartile and maximum value (middle); and a half eye density where the width 
represents the concentration of costs (right).    
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Considering the entire sample, the median MBS patient 
cost ($314 for those who incurred out-of-pocket costs) and 
PBS patient cost ($325) over the 12 months appear modest. 
However, there is large variability within these costs. 
Despite nearly half the cohort incurring no MBS patient 
expenditure, the upper range of patient costs was $5909; 
and $2183 for pharmaceutical costs (Table 5). This variabil-
ity is concerning given that people with ABI and SCI typi-
cally face financial hardship and have lower incomes 
compared with the general population. Cross-sectional 
research for people with SCI in Australia in 2018 identified 
that half of the cohort relied on disability or aged pensions, 
and more than 40% earned less than the weekly minimum 
income,32 which during 2018 was equivalent to $719 per 
week (or $19 per hour).33 Similar trends are seen in 
Australian ABI populations, for whom there is inequality, 
including lower levels of engagement in paid work and 
earnings when compared with Australians without dis-
ability.34 Lower incomes can lead to cost-related non- 
adherence for medical and pharmaceutical needs. In a 
Canadian SCI cohort, cost-related non-adherence for pre-
scription medications was reported at 37%, with opioids 
and antidepressants among the most frequently avoided.35 

It is not unreasonable to assume that Australian SCI rates are 
similar.31,36 In 2020–21, cost-related medication avoidance 
rates for individuals with varying long-term health condi-
tions was 1 in 20, while medical specialist avoidance was 
evident among 1 in 17.31 There is evidence that cost-related 
medical avoidance disproportionality affects those with 
greater levels of disability or illness, and socioeconomic 
disadvantage.31 This raises concerns about the potential 
for avoidance of services or prescriptions due to high out- 
of-pocket costs, increasing the risk of unmet needs in this 
critical post-acute period. Given that financial hardships can 
negatively affect anxiety, quality of life and, ultimately, 
recovery,13,37 cost-related prescription and medical service 
avoidance is a major concern for Australians with ABI and 
SCI. As such, its interaction with unmet need and health 
outcomes warrants future investigation. 

We caution against generalisation of the findings due to 
the relatively small sample size and the recruitment of 
participants from a single tertiary hospital. The data 
reported specifically relate to eligible MBS and PBS items 
and do not account for services accessed outside of 
Medicare, or commonly used over-the-counter medications. 
Although less than half (41%) of the full cohort used allied 
health services, this is likely to be underrepresented because 
the data did not account for privately funded services, 
including those covered by the National Injury Insurance 
Scheme, or accessed through ambulatory services. Although 
this study was concerned with MBS and PBS use and costs, 
we noted that oxycodone (a Schedule 8 restricted opioid 
analgesic) and pregabalin (used in the management of 
neuropathic pain38) were among the most frequent PBS 
prescriptions. This raises concerns regarding persistent 

pain as an ongoing complication and the appropriate use 
of these medications, and warrants further investigation. 
We emphasise that the results from our exploratory analysis 
should be interpreted with caution, given that the charac-
teristics of participants in the current study may not be 
comparable to other ABI or SCI groups. The small sample 
may have precluded the identification of relatively smaller 
but practically important effects. Future studies with tar-
geted hypotheses are needed to confirm our findings. 

Conclusion 

This study demonstrates the potential for financial hardship 
during a critical period of transition back to the community 
for people with ABI and SCI. Many individuals had high 
patient costs, which raises concerns about financial hard-
ship, particularly because of the long-term burden of ABI 
and SCI and the limited capacity of these populations to 
absorb such costs. It remains a responsibility of both the 
system and service providers to continue to work together to 
minimise patient costs for people with ABI and SCI, as well 
as other vulnerable population groups in Australia. 

Supplementary material 

Supplementary material is available online. 
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