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Abstract
Summary  This study identified the costs and health-related quality of life impacts of several post-fracture multidisciplinary 
care pathways specific to individual skeletal site (hip, distal forearm, vertebrae, humerus). These care pathways may assist 
healthcare providers in allocating resources for osteoporotic fractures in more effective and cost-efficient ways.
Introduction  This micro-costing study was undertaken to provide the estimated healthcare costs of several fracture site-
specific health service use pathways associated with different trajectories of health-related quality of life (HRQoL) 12-months 
post-fracture.
Methods  The study included 4126 adults aged ≥ 50 years with a fragility fracture (1657 hip, 681 vertebrae, 1354 distal 
forearm, 434 humerus) from the International Costs & Utilities Related to Osteoporotic fractures Study (ICUROS). ICUROS 
participants were asked to recall the frequency and duration (where applicable) of their health and community care service 
use at 4- and 12-month follow-up visits. Patient-level costs were identified and aggregated to determine the average cost of 
healthcare use related to the fracture in each care pathway (presented in Australian 2021 dollars). Mean cost differences were 
calculated and analysed using a one-way analysis of variance (ANOVA) and post hoc Bonferroni correction to determine 
any statistically significant differences.
Results  The total direct cost of fractures was estimated at $89564, $38926, $18333, and $38461AUD per patient for hip, 
vertebral, wrist, and humeral participants, respectively. A Kruskal–Wallis test yielded a statistically significant difference 
in cost values between most care pathways (p < 0.001). Of the 20 care pathways, those associated with recovery of HRQoL 
had lower mean costs per patient across each fracture site.
Conclusions  This study identified the costs and HRQoL impacts of several multidisciplinary care pathways for individual 
fracture sites based on the health service utilization of an international cohort of older adults. These care pathways may assist 
healthcare providers in allocating resources for fragility fractures in more effective and cost-efficient ways.

Keywords  Ageing · Economics · Fractures · Osteoporosis · Quality of life

Introduction

Osteoporosis is an increasingly prevalent condition repre-
senting one of the greatest global health risks for individu-
als 50 years of age or older. Given the exponential increase 
in ageing populations, it is estimated that 500 million peo-
ple worldwide will have osteoporosis by 2025, resulting in 

approximately 13.5 million fractures annually [1]. The sig-
nificant health consequences of osteoporosis lie in the asso-
ciated fragility fractures, which can be a life-changing event. 
Fragility fractures impact on quality of life and ability to 
undertake basic activities of daily living [2, 3], and increase 
the risk of early mortality for at least 5 years [4, 5]. In addi-
tion to their physical and mental impacts, fragility fractures 
also carry a significant economic burden for the healthcare 
system and the individuals themselves [6–8].

The cost of providing fracture care is substantial. The 
total annual expense for all osteoporosis-related fractures 
in the USA was approximately $57 billion (USD) in 2018, 
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with an estimated increase to over $95 billion (USD) by 
2040 [6]. Similarly, osteoporosis and the 4.3 million fragil-
ity fractures that it causes annually across Europe costs the 
healthcare system in excess of €56 billion each year based on 
data from 2019 [9]. Australia has one of the highest rates of 
bone disorders in the world, with direct costs associated with 
osteoporosis of $3.4 billion (AUD) in 2017, and a projected 
increase to $3.8 billion (AUD) by 2022 [7]. Fragility frac-
tures incur short- and long-term costs, which differ between 
fracture sites. More severe fractures, such as fractures of the 
hip and vertebral, are most costly due to the need for more 
healthcare service (e.g. hospitalization, surgical procedures, 
rehabilitation) [7, 8]. Although hip and vertebral fractures 
are the most costly fracture types [8, 10], the higher inci-
dence of non-hip-non-vertebral fractures contributes to a 
large proportion of total fracture-related costs [7, 8].

Fragility fractures most commonly occur at the hip, dis-
tal forearm (wrist), vertebrae, and humerus — collectively 
referred to as major osteoporotic fractures (MOFs). We 
recently identified several fracture site-specific health ser-
vice use pathways (hereafter referred to as ‘care pathways’) 
using data from over 4,000 older men and women participat-
ing in the International Costs and Utilities Related to Osteo-
porotic fractures Study (ICUROS) [11]. Further analysis 
showed these care pathways were associated with different 
trajectories of HRQoL recovery at 12 months post-frac-
ture [11]. However, it remains uncertain whether a greater 
recovery of HRQoL was achieved at an increased cost. The 
present micro-costing study was undertaken to determine 
whether the care pathways associated with greater HRQoL 
recovery are also cost-efficient.

Materials and methods

There were three major components to this study: (1) iden-
tifying distinct care pathways for individual fracture sites 
and analysing associations with recovery of HRQoL; (2) 
estimating the mean cost per patient in each care pathway; 
and (3) determining any statistically significant cost differ-
ences between the post-fracture care pathways.

ICUROS study design

ICUROS was an observational study that aimed to determine 
the HRQoL impact and cost consequences of fragility frac-
tures in over 6000 older adults (≥ 50 years) across 11 coun-
tries — Australia, Austria, Estonia, France, Italy, Lithuania, 
Mexico, Russia, Spain, the UK, and the USA. The Euro-
QoL questionnaire (EQ-5D-3L) was used to assess HRQoL 
in all participants at baseline (including recall of HRQoL 
4 weeks prior to the fracture), and prospectively at 4, 12, 
and 18 months post-fracture (there was a 2-week window 

for follow-up at each timepoint). ICUROS participants were 
also questioned about the use of health and community care 
services related to the study fracture via telephone inter-
views. Each participant was asked to recall the frequency 
and duration (where applicable) of their healthcare use at 
4, 12, and 18 months. Where possible, healthcare use was 
verified via review of patient medical records. A detailed 
description of the ICUROS study design can be found else-
where [12, 13].

Identification of care pathways

Twenty fracture site-specific care pathways (also referred to 
as ‘classes’) were identified in a previous study [11] using 
multi-level latent class analyses. A description of the meth-
ods has been published elsewhere [11, 14]. In brief, latent 
class analysis — a statistical method used to categorize par-
ticipants within a study based on specific indicator variables 
[15] — was used to identify subgroups of participants with 
common patterns of health service use over the 12 months 
post-fracture. To determine the optimal model fit — i.e. 
the number of classes included in the final model — a one-
class model was developed and subsequently increased in 
a stepwise fashion until a model with the lowest Bayesian 
Information Criterion, a significant Lo-Mendell-Rubin like-
lihood test, and the highest entropy value was found [15]. 
Once classes were identified, multivariable logistic regres-
sion was applied to analyse the associations of each class 
with recovery of HRQoL. Table 1 summarizes the classes 
identified for each fracture site and their associations with 
HRQoL recovery.

Costs of healthcare services

All costing methods were guided by a previous costing 
study [16]. Health service use data comprised of direct and 
non-direct healthcare services that were related to the study 
facture only, and were categorized into in-hospital care, out-
patient care, supported living (e.g. residential aged care), 
community care services, pharmaceutical use, and diagnos-
tic imaging. Patient-level costs were identified and aggre-
gated to determine the average cost of healthcare use related 
to the fracture in each class. A societal perspective was taken 
with direct costs of fracture and osteoporosis management 
included, as well as informal care. Although the ICUROS is 
a multinational study including participants from 11 coun-
tries, all costs were retrieved from the Australian health-
care system and therefore presented in Australian dollars 
(AUD). Where costs were reported in earlier years, these 
were inflated to 2021 costs using the Australian consumer 
price index [17]. An itemized table of the unit cost of each 
healthcare service and the sources of costing information is 
presented in Supplementary File 1.
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In‑hospital care

Data pertaining to in-hospital care included non-admitted 
hospital services (e.g. emergency department (ED) presenta-
tions), hospital admissions including specialty care (geriat-
rics and orthopaedics), nursing care, and subacute care (i.e. 
inpatient rehabilitation). Costs attributed to ED presenta-
tions were taken from the Australian Independent Hospital 
Pricing Authority (IHPA) [18]. Hip fractures were assumed 
to be Triage Category 3 (injury), vertebral and humeral frac-
tures Triage Category 4 (injury), and distal forearm fractures 
Triage Category 5 (injury). Hospital costs were assumed to 
vary by fracture type; therefore, costs for hospital admis-
sions were calculated for each fracture site. An average cost 
per day in hospital was calculated by dividing the average 
cost per separation by the average length of stay in hospi-
tal for patients admitted under specific Australian Refined 
Diagnosis Related Groups (AR-DRGs) from the Austral-
ian IHPA [18]. This was then multiplied by the length of 
stay recorded by each ICUROS participant. Decisions about 
which AR-DRG codes to use were made through discussion 
with geriatricians and orthopaedic surgeons. Supplementary 
File 1 includes a list of AR-DRGs codes used to calculate 
hospital costs for each individual fracture. 

Outpatient care

Outpatient care was defined as fracture management that 
occurred in the outpatient setting rather than in the hospi-
tal setting (either admitted or non-admitted) and included 
outpatient clinic visits, fracture/falls clinic appointments, 
rehabilitation day centre visits, allied healthcare (e.g. occu-
pational therapy, physiotherapy), and primary care centre/
general practitioner visits. Costs for outpatient care were 
sourced from the Australian IHPA [18] and the Medicare 
Benefits Schedule (MBS) [19]. An assumption for allied 
healthcare was made that participants attended a private 
clinic for these visits, not a hospital or outpatient clinic. 
Details of calculations can be found in Supplementary File 
1.

Supported living

The daily cost for residing in a residential aged care (RAC) 
facility was calculated by averaging the cost of a resident 
bed day of a small-sized facility and a larger-sized facility 
in Australia during 2021 [20]. Data regarding days living 
within an RAC facility were collected using 4 weeks recall 
at each follow-up point. As the total number of days in a 
RAC facility during the 12 months follow-up was unattain-
able from ICUROS data, an assumption was made that once 
a participant was admitted to a RAC facility, they would 
remain there for the remainder of the 12-month follow-up 

period. It was also assumed that admission to a RAC facility 
occurred steadily throughout the year; therefore, the average 
length of stay in RAC was assumed to be 6 months [16].

Community care

Fracture-related use of community care services encom-
passed home visits by a health professional, phone coun-
selling sessions, home and equipment modifications, and 
both professional and informal home help services. Costs of 
phone counselling was calculated by averaging the cost of 
nurse counsels and other health professional counsels [19]. 
The number of hours of professional home help was col-
lected using recall of the previous 4 weeks at each follow-up 
point, and then extrapolated over the respective 12-month 
follow-up period and costed using the standard mid-level 
hourly rate of home care workers [21]. The same hourly rate 
was used for volunteer home help (e.g. help from family and 
friends), assuming that the participant would have required 
paid community services if care by a family member was 
not possible. The cost of home and equipment modifications 
undertaken by participants was collected as part of the ICU-
ROS study and inflated to 2021 AUD using the Australian 
consumer price index [17].

Pharmaceutical use

Pharmaceutical use considered relevant for treatment of 
MOFs included (i) medications to manage osteoporosis (bis-
phosphonates, teriparatide, denosumab, oestrogen receptor 
modulators, strontium ranelate); (ii) calcium and vitamin 
D supplements (separately, and in combination); (iii) pain-
relieving analgesics (opioids and non-opioids); and (iv) 
anti-depressant/anti-anxiety medications. It was assumed 
that people who reported taking osteoporosis-related medi-
cations at the first follow-up (4 months) were likely to use 
the recommended/scheduled dose over the 12-month study 
period. The cost of each osteoporosis-related medication was 
sourced from the Pharmaceutical Benefits Scheme (PBS) 
[22] and cost per year was calculated based on reported dos-
age. An average cost per year was then calculated for the 
four medication categories. This method was also employed 
to calculate the total cost of anti-depressant/anti-anxiety 
medication use. Etidronate and strontium ranelate are no 
longer available through the PBS and therefore could not 
be costed in this analysis. It was assumed that people who 
reported taking vitamin D and/or calcium supplements used 
the recommended daily dose for 12 months. The costs of 
supplements for different brands from Pharmacy Online 
Australia [23] were averaged. Use of opioid and non-opioid 
analgesics was assumed to be taken as needed, and therefore 
only costed for a maximum of 14 days [16]. Supplementary 
File 1 includes a list of all medications included in our study 
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with the relevant PBS codes used, the schedule fee of each 
medication, and the cost calculations.

Diagnostic imaging

Diagnostic imaging data included routine medical imaging 
procedures (X-ray, computerized tomography [CT] scan, 
magnetic resonance imaging [MRI]) and relevant diagnostic 
imaging procedures for osteoporosis diagnosis (dual-energy 
X-ray absorptiometry [DXA]).

Cost analyses

To determine the mean cost per participant in each class, 
healthcare use rates were multiplied by the determined cost, 
and then divided by the number of participants in the class 
[24]. Mean cost differences were calculated and analysed 
using a one-way analysis of variance (ANOVA) and post 
hoc Bonferroni correction to determine any statistically 
significant differences (p-value < 0.05). All analyses were 
performed using STATA (version 16) software.

Results

Of the 5650 participants potentially eligible for these analy-
ses, 1524 participants were excluded due to loss to follow-up 
(n = 486), withdrawal from the study (n = 351), sustaining 
a new fracture during follow-up (n = 192), death (n = 246), 
or other reasons (n = 249), leaving a total of 4126 partici-
pants in this analysis (1657 hip, 1354 distal forearm, 681 
vertebral, and 434 humeral fractures). The mean age of the 
total population was 71.5 ± 10.9 years, and the sample was 
predominately female (n = 3446; 83.5%). These variables 
differed between MOF sites: participants with a hip frac-
ture were the oldest (76.6 ± 10.1) and distal forearm partici-
pants the youngest (67.1 ± 10.1), whereas the proportion of 
females was highest in distal forearm fracture participants 
(89.9%) and lowest in hip fracture participants (79.7%). Hip 
fracture participants had lower educational attainment and 
lower income levels compared to other MOF participants. 
Participant demographic characteristics are presented in 
Supplementary File 2 by class. Mean and median use of all 
healthcare services are presented in Supplementary File 3.

Hip fracture

The total direct cost per hip fracture patient was estimated to 
be $89,564AUD ($62,327USD; €46,029). In-hospital care 
contributed to the majority of total costs in patients (48.5%), 
followed by community care (40.9%) and residential aged 
care (8.1%). Mean costs per patient were the highest in 
class 3 and lowest in class 7 (Table 2). A Kruskal–Wallis 

test yielded a statistically significant difference in cost val-
ues between classes (H = 183.5, p < 0.001). The mean cost 
per patient in class 6 (the class which was associated with 
improved HRQoL recovery) was significantly lower than all 
other classes apart from classes 2, 5, and 7. Similarly, mean 
cost differences for class 7 (also associated with improved 
HRQoL recovery) were significantly lower than all other 
classes apart from classes 2 and 6.

Distal forearm fracture

The total mean cost of distal forearm fractures was 
$18,333AUD ($12,758USD; €9,422) per patient. Commu-
nity care contributed to the majority of total costs in patients 
(51.9%), followed by in-hospital care (31.7%) and outpatient 
care (10.7%). The mean cost per patient varied by class and 
was highest for class 1 and the lowest for class 5 (Table 3). 
A Kruskal–Wallis test yielded statistically significant dif-
ferences in cost values between each class (H = 618.4, 
p < 0.001). Class 3 was associated with improved HRQoL 
recovery and the mean cost per patient in class 3 was sig-
nificantly lower than all other classes except for class 2 and 
class 5. Similarly, mean cost differences for class 5 were sig-
nificantly lower than all classes apart from classes 2 and 3.

Vertebral fracture

The total direct cost of vertebral fractures was estimated to 
be $38,926AUD ($27,088USD; €20,005) per patient. In-hos-
pital care contributed to the majority of total costs (48.1%), 
followed by community care (41.9%) and residential aged 
care (4.7%). Mean costs for vertebral fracture participants 
were the highest in class 2 and lowest in class 4 (Table 4). A 
Kruskal–Wallis test yielded a statistically significant differ-
ence in cost values between classes (H = 240.2, p < 0.001). 
The mean costs per patient were significantly lower for class 
4 compared to all other classes. Conversely, mean cost dif-
ferences for class 2, which was associated with decreased 
odds of HRQoL recovery, were significantly higher than all 
other classes apart from class 3.

Humeral fracture

The mean cost of humeral fractures was estimated to be 
$38,461AUD ($26,765USD; €19,766) per patient. In-hos-
pital care contributed to the majority of total costs (45.7%), 
followed by community care (42.5%) and outpatient care 
(6.1%). Mean costs were the highest in class 4 and lowest in 
class 2 (Table 5). A Kruskal–Wallis test yielded a statisti-
cally significant difference in cost values between classes 
(H = 225.6, p < 0.001). The mean cost per patient in class 2, 
the class that was associated with improved HRQoL recov-
ery, was significantly lower than all other classes apart from 
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Table 3   Mean (95% CI) costs per distal forearm fracture patient (AUD), by class

a Non-admitted hospital services (e.g. emergency department presentations), hospital admissions including specialty care (geriatrics, orthopae-
dics), and inpatient rehabilitation ward admissions
b Outpatient clinic visits, rehabilitation centre visits, fracture/falls clinic appointments, allied healthcare and GP/primary care centre visits
c Health professional home visits, home and equipment modifications, phone counselling, professional home help services, and informal home 
help from family/friends
d Pharmaceuticals used for treatment of fractures (bisphosphonates, denosumab, strontium ranelate, teriparatide, estrogens/receptor modulators, 
glucocorticoids); calcium and vitamin D supplements (separately and in combination); pain-relieving analgesics (opioids and non-opioids); and 
anti-depressant/anti-anxiety medications
e Diagnostic imaging such as routine medical imaging procedures (X-ray, MRI, CT scan) and diagnostic imaging procedures for osteoporosis 
diagnosis (dual-energy X-ray absorptiometry [DXA])

Class 1 (n = 83) Class 2 (n = 152) Class 3 (n = 542) Class 4 (n = 478) Class 5 (n = 99) All patients (n = 1354)

Hospital carea $23242
(18726–27758)

$1120
(778–1462)

$812
(574–1050)

$11081
(9853–12310)

$371
(364–379)

$5815
(5187–6442)

Outpatient careb $3633
(3068–4198)

$2569
(2269–2869)

$1521
(1408–1635)

$2321
(2117–2526)

$242
(172–312)

$1957
(1852–2063)

Community carec $21793
(14549–29038)

$6732
(3344–10119)

$2852
(1817–3886)

$17487
(13438–21536)

$1431
(517–3380)

$9511
(7864–11158)

Residential aged care - $1163
(260–2300)

- $1479
(764–2194)

- $653
(368–937)

Medication used $820
(771–870)

$692
(648–736)

$58
(52–63)

$192
(168–217)

$701
(647–755)

$270
(252–288)

Imaginge $223
(198–248)

$142
(126–157)

$122
(115–130)

$120
(113–127)

$90
(73–106)

$128
(123–132)

Total (all services) $49712
(40032–59391)

$12417
(8909–15924)

$5366
(4307–6422)

$32681
(28122–37240)

$2835
(886–4784)

$18333
(16359–20307)

Table 4   Mean (95% CI) costs per vertebral fracture patient (AUD), by class

a Non-admitted hospital services (e.g. emergency department presentations), hospital admissions including specialty care (geriatrics, orthopae-
dics), and inpatient rehabilitation ward admissions
b Outpatient clinic visits, rehabilitation centre visits, fracture/falls clinic appointments, allied healthcare and GP/primary care centre visits
c Health professional home visits, home and equipment modifications, phone counselling, professional home help services, and informal home 
help from family/friends
d Pharmaceuticals used for treatment of fractures (bisphosphonates, denosumab, strontium ranelate, teriparatide, estrogens/receptor modulators, 
glucocorticoids); calcium and vitamin D supplements (separately and in combination); pain-relieving analgesics (opioids and non-opioids); and 
anti-depressant/anti-anxiety medications
e Diagnostic imaging such as routine medical imaging procedures (X-ray, MRI, CT scan) and diagnostic imaging procedures for osteoporosis 
diagnosis (dual-energy X-ray absorptiometry [DXA])

Class 1 (n = 227) Class 2 (n = 179) Class 3 (n = 122) Class 4 (n = 153) All patients (n = 681)

Hospital carea $428
(413–443)

$46970
(37751–56189)

$32060
(18870–45249)

$2056
(585–3527)

$18694
(14992–22396)

Outpatient careb $1362
(1194–1530)

$1915
(1633–2197)

$1380
(1132–1629)

$158
(102–214)

$1240
(1127–1354)

Community carec $20418
(13653–27184)

$18325
(12404–24245)

$23589
(13,684–33495)

$2147
(163–4131)

$16331
(13008–19654)

Residential aged care $973
(123–1823)

$5184
(3081–7288)

$724
(285–1734)

- $1817
(1156–2478)

Medication used $365
(320–411)

$675
(621–728)

$88
(63–112)

$831
(791–871)

$502
(471–532)

Imaginge $199
(178–219)

$505
(445–565)

$351
(273–429)

$358
(334–382)

$342
(318–367)

Total (all services) $23746
(16918–30575)

$73574
(61252–85896)

$58192
(41630–74755)

$5549
(3047–8051)

$38926
(33596–44255)

1901



Osteoporosis International (2022) 33:1895–1907	

1 3

class 3. Conversely, mean cost differences for class 4, which 
was associated with decreased odds of HRQoL recovery, 
were significantly higher than all other classes. Mean cost 
differences between all classes and post hoc Bonferroni test 
results are presented in Table 6.

Discussion

Several distinct care pathways (i.e. common combinations of 
health and community care services in the 12 months post-
fracture) and the impact of each of these care pathways on 
the odds of the patients’ HRQoL recovery were identified 
in a large observational cohort of MOF patients across 10 
countries. This study used a patient-level micro-costing 
approach to estimate the per-patient costs of each site-spe-
cific fracture care pathway, and undertake a cost comparison 
of each care pathway. We found that classes associated with 
an increased recovery of HRQoL also had lower mean costs 
per patient across each MOF site. This study supports and 
facilitates the introduction of site-specific fracture care path-
ways across a range of healthcare settings.

For hip fractures, participants grouped in class 6 and class 
7 were associated with increased odds of HRQoL recov-
ery at 12 months compared to the other classes. Class 7 
was the least costly class in hip fracture patients ($28,349 

per patient); however, as mentioned in our previous paper 
[11], this class was not representative of the typical hip frac-
ture cohort (this class had a very low rate of hospitaliza-
tions) and was explained by a sizeable country-specific bias 
(Russian participants). Class 6 was the second least costly, 
suggesting that participants in this class achieved benefits 
in HRQoL at a significantly lower cost compared to most 
classes. Class 6 was characterized by hospital admissions, 
greater utilization of outpatient healthcare services (includ-
ing primary care centre visits and allied health visits), and 
non-opioid analgesics. Similar findings were seen for distal 
forearm fracture patients, in that the two classes associated 
with improved odds of HRQoL recovery were also the least 
costly (classes 3 and 5), although these two classes were 
quite different in terms of health service use: class 3 was 
characterized by higher use of outpatient health services 
(outpatient department visits, primary care centre visits, 
and allied health visits), whereas class 5 was characterized 
by hospital presentations without admission and higher 
medication use (osteoporosis-related; vitamin D/calcium 
supplementation; non-opioid analgesics). There was no sta-
tistically significant difference in costs between these two 
classes, although both were significantly lower than most. 
For patients with a vertebral or humeral fracture, one class 
in each fracture group was associated with improved odds 
of HRQoL recovery. Both these classes were characterized 

Table 5   Mean (95% CI) costs per humeral fracture patient (AUD), by class

a Non-admitted hospital services (e.g. emergency department presentations), hospital admissions including specialty care (geriatrics, orthopae-
dics), and inpatient rehabilitation ward admissions
b Outpatient clinic visits, rehabilitation centre visits, fracture/falls clinic appointments, allied healthcare and GP/primary care centre visits
c Health professional home visits, home and equipment modifications, phone counselling, professional home help services, and informal home 
help from family/friends
d Pharmaceuticals used for treatment of fractures (bisphosphonates, denosumab, strontium ranelate, teriparatide, estrogens/receptor modulators, 
glucocorticoids); calcium and vitamin D supplements (separately and in combination); pain-relieving analgesics (opioids and non-opioids); and 
anti-depressant/anti-anxiety medications
e Diagnostic imaging such as routine medical imaging procedures (X-ray, MRI, CT scan) and diagnostic imaging procedures for osteoporosis 
diagnosis (dual-energy X-ray absorptiometry [DXA])

Class 1 (n = 195) Class 2 (n = 65) Class 3 (n = 84) Class 4 (n = 90) All patients (n = 434)

Hospital carea $22859
(18158–27560)

$454
(450–458)

$958
(411–1504)

$34079
(28047–40111)

$17591
(14865–20316)

Outpatient careb $2523
(2184–2861)

$119
(73–165)

$3001
(2465–3537)

$2997
(2548–3447)

$2354
(2130–2577)

Community carec $21681
(14848–28513)

$816
(187–1820)

$5769
(2911–8627)

$29698
(24677–36719)

$16346
(13858–20834)

Residential aged care $2493
(1049–3936)

- $526
(320–572)

$1964
(46–3882)

$1629
(843–2416)

Medication used $180
(145–216)

$864
(840–888)

$255
(190–320)

$661
(584–738)

$397
(361–433)

Imaginge $119
(105–132)

$74
(52–96)

$171
(146–196)

$226
(198–254)

$144
(133–156)

Total (all services) $49854
(41188–58520)

$2327
(1320–3335)

$10679
(7525–13832)

$69625
(60434–80817)

$38461
(34438–44484)
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by ED presentations (without admission), primary care 
centre visits, and higher osteoporosis-related medication 
use, vitamin D/calcium supplementation, and non-opioid 
analgesic use, and were significantly less costly compared 
to most other classes. Results from this study showed that 
classes associated with decreased recovery of HRQoL also 
had the highest rates of healthcare utilization across most 
healthcare and community service categories, and therefore, 
higher average cost per patient. This suggests that higher 
utilization of healthcare may be an indicator of poorer health 
outcomes in patients post-MOF. This may be explained by 

the patient demographics of each class (Supplementary File 
2), exposing that patients in the ‘improved HRQoL classes’ 
were generally younger and therefore less frail and most 
likely less dependent on healthcare services.

Important information is provided in this study on the dis-
tribution of healthcare costs post-fracture. In line with previ-
ous studies [8, 25–28], treatment and management of hip frac-
tures in ICUROS participants was associated with the highest 
costs per patient, followed by vertebral, humeral, and distal 
forearm fracture patients, respectively. There were substan-
tial differences in health service use at the country level [14], 

Table 6   Mean cost differences 
(AUD) and Bonferroni post hoc 
test results from comparison 
between classes, by fracture site

Bold figures indicate a significant p value (p < 0.05)

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6

Hip fracture
  Class 1 - - - - - -
  Class 2 28,365

p = 0.009
- - - - -

  Class 3 22,408
p = 0.045

50,773
p < 0.001

- - - -

  Class 4 1,029
p = 0.990

29,393
p < 0.001

21,379
p = 0.002

- - -

  Class 5 25,382
p = 0.132

2,982
p = 0.997

47,790
p < 0.001

26,411
p = 0.018

- -

  Class 6 47,095
p < 0.001

18,730
p = 0.640

69,503
p < 0.001

48,124
p < 0.001

21,713
p = 0.570

-

  Class 7 67,745
p < 0.001

39,380
p = 0.052

90,153
p < 0.001

68,774
p < 0.001

42,363
p = 0.046

20,650
p = 0.996

Distal forearm fracture
  Class 1 - - - - - -
  Class 2 37,295

p < 0.001
- - - - -

  Class 3 44,347
p < 0.001

7,052
p = 0.238

- - - -

  Class 4 17,031
p < 0.001

20,264
p < 0.001

27,316
p < 0.001

- - -

  Class 5 46,877
p < 0.001

9,582
p = 0.291

2,530
p = 0.938

29,846
p < 0.001

- -

Vertebral fracture
  Class 1 - - - - - -
  Class 2 49,828

p < 0.001
- - - - -

  Class 3 34,446
p < 0.001

15,382
p = 0.281

- - - -

  Class 4 18,197
p = 0.050

68,025
p < 0.001

52,643
p < 0.001

- - -

Humeral fracture
  Class 1 - - - - - -
  Class 2 47,527

p < 0.001
- - - - -

  Class 3 39,176
p < 0.001

8,351
p = 0.815

- - - -

  Class 4 20,771
p = 0.004

68,298
p < 0.001

59,946
p < 0.001

- - -
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although this was anticipated given the various healthcare sys-
tem structures across countries participating in the ICUROS. 
The large economic burden of fractures was predominantly 
due to in-hospital care, representing over 50% of total direct 
costs across each fracture site in our study (except for distal 
forearm fractures). Patients with hip fracture had the high-
est rate of hospital admissions and subsequent admission to a 
rehabilitation ward, which contributed to the highest costs per 
patient. Clinical novel solutions to reduce hospital length of 
stay and associated in-hospital costs for hip fracture patients 
are warranted [29]. Admission rates to a RAC facility were low 
across non-hip fracture groups, similar to results from a recent 
cohort study that reported risk of institutionalization 6 months 
after multiple fracture sites compared to hip fractures [30]. In 
terms of outpatient care, healthcare utilization and costs were 
similar across each fracture site. While hospitalisations repre-
sent the first line of expenses, community care such as health 
professional home visits, home and equipment modifications, 
and professional home help services were also a heavy budget 
item across all fracture sites, close to in-hospital care. Costs for 
community care were highest in hip fracture patients, driven 
mainly by higher rates of both formal and informal home help 
(35.5% and 69.2%, respectively). Annual costs of medication 
use were similar across each fracture site, although, fracture-
related treatment (osteoporosis-related medications and vita-
min D/calcium supplements) varied between fractures: it 
was highest in vertebral fracture patients and lowest in distal 
forearm fracture patients. Previous longitudinal studies [31, 
32] have reported this same variation in osteoporosis phar-
maceutical interventions, highlighting that not all fragility 
fracture patients receive the appropriate care for prevention 
of subsequent fractures. Total costs for medical imaging were 
similar across each fracture site; DXA scans were uncommon 
in patients except for patients with vertebral fracture (27%), 
once again consistent with prior studies [31, 32].

Strengths and limitations

There were a number of strengths to this study. Health and 
community care service use was obtained from the largest 
multi-country, prospective observational study on HRQoL 
consequences of fractures conducted to date, where vari-
ables were captured using the identical study protocol 
across all 10 countries (excluding the USA). Unit costs of 
health services were derived from using patient-level data 
rather than using AR-DRG costing and involved utiliz-
ing published Australian Commonwealth and state gov-
ernment resources (IHPA, MBS, and PBS). Additionally, 
this analysis was undertaken under the guidance of leading 
experts in economic evaluations [16]. A major strength of 
the ICUROS was that the population was not restricted 
to hip fracture patients or hospitalized fracture cases. An 

important gap in osteoporosis literature is that research on 
the costs for site-specific fractures other than hip fractures 
is relatively scarce [33, 34]. This study included health 
service utilization costs of all four MOF sites allowing for 
analyses of individual fractures.

However, there are also limitations to this study. First, 
some of the health service use data was collected using self-
report with possible recall bias, though most countries in 
ICUROS did verify self-report inpatient care with hospital 
record reviews. Second, the costs determined in this study 
are related to the Australian healthcare system, which does 
not include out-of-pocket costs to participants, and as such, 
may not be able to be directly generalized to healthcare 
systems in other countries. Australia has a publicly funded 
universal healthcare system (Medicare) which provides free 
or low-cost access to government-provided community and 
hospital care, as well as subsidized pharmaceuticals. Private 
health insurance gives people a choice outside the public 
system where the patient contributes towards the cost of 
health services that are not fully subsidized [35]. Addition-
ally, it may be seen as problematic to estimate costs from 
one country’s healthcare system where health service use 
was derived from several countries; however, the alterna-
tive of using country-specific unit costs is likely to be non-
differential and would introduce further measurement error 
given that health service costs vary by healthcare systems. 
Third, the total costs of each care pathway may be underes-
timated as a number of assumptions regarding health service 
use had to be made (e.g. days in RAC, hospital admission 
data was limited to ward type), and indirect costs such as 
productivity loss and disability were not included. Never-
theless, this study did provide detailed cost information on 
social and community care such as unpaid care provided by 
friends and family, home and equipment modifications as 
a consequence of the fracture, and formal home care (e.g. 
provision of meals, nursing care, live-in help, etc.), unlike 
previous costing studies [8, 25, 36, 37]. Finally, we were 
unable to undertake a traditional cost-effectiveness analysis, 
as this type of analysis requires a randomized controlled trial 
in which participants are randomized to a ‘usual care’ group. 
Potential limitations regarding the ICUROS study design 
have been described elsewhere [11, 38].

Conclusions

In conclusion, we identified the costs and HRQoL impacts of 
several multidisciplinary care pathways for individual MOF 
sites based on the health service utilization of an interna-
tional cohort of older adults. These care pathways may assist 
healthcare providers in allocating resources for MOFs in 
more effective and cost-efficient ways. This will be particu-
larly important for clinicians and healthcare organizations 
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when making plans for a healthcare system capable of 
addressing the needs of an increasing number of older indi-
viduals at significant risk of fracture and HRQoL deficits.
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