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Abstract The objective of this study was to estimate
the unit costs of non-vertebral osteoporotic fractures in
Wve European countries based on the results of the
SOTI and TROPOS clinical trials in postmenopausal
osteoporotic women. The information recorded in the
Case Report Forms was used. The perspective of third
party payers was adopted. Hip fracture unit cost was
the highest. The ranges of costs among countries was
narrow for hip from 8,346€ (Italy) to 9,907€ (France),
but wider for other fractures: 890€ (Spain) to 2,022€

(Italy) for wrist, 1,167€ (Spain) to 3,268€ (Italy) for
pelvis, 837€ (Spain) to 2,116€ (Italy) for sternum/clav-
icle, 565€ (Spain) to 908€ (France) for rib, 1,518€

(Spain) to 3,651€ (Belgium) for humerus, 1,805€

(Spain) to 3,521€ (Italy) for leg. The costs of those
fractures should be considered when estimating the
cost of osteoporosis.

Keywords Osteoporosis · Non-vertebral fracture · 
Cost

Introduction

Osteoporosis is characterized by low bone mass and
microarchitectural deterioration of bone structure,
resulting in bone fragility and increased susceptibility
to fracture [1]. Osteoporosis in postmenopausal Cauca-
sian women is deWned as a value for bone mineral den-
sity (BMD) more than 2.5 standard deviations below
the young average value. The diagnostic threshold
identiWes approximately 15–20% of postmenopausal
women as having osteoporosis when measurements
using dual-energy X-ray absorptiometry are made at
the spine or the hip [2]. Lifetime risk of any osteopo-
rotic fracture is very high and lies within the range of
40–50% in women and 13–22% for men [3]. In Malmo
(Sweden) lifetime risk of forearm, hip and spine frac-
ture were 21.5, 23.3 and 15.4%, respectively, in women
at the age of 45 years and corresponding values for
men were 5.2, 11.2 and 8.6% [4]. It was estimated in
1990 that approximately 1.7 million hip fractures
occurred throughout the world [5]. As the population
is becoming older especially in developed countries,
this number is projected to increase almost sixfold
from 1995 to 2050 [6].

The introduction of new osteoporosis treatments
raises the possibility of fracture prevention, but the
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economic implications are uncertain because the
potential patient population is very large [7]. Due to
the increasing costs of medical care, health authorities
are now looking at new methods whereby health bud-
gets can be spent most eVectively and made more
accountable [8]. Until the burden of illness to society
can be clearly established, it is diYcult to determine
priorities in the eVective allocation of the resources for
health care and prevention. EVorts to devise cost-eVec-
tive strategies for the use of the treatments of osteopo-
rosis have been hampered by the paucity of detailed
data on fracture costs [9, 10]. There have been a few
reports on direct medical costs for hip fractures, fewer
yet on vertebral and distal forearm fractures, and only
one to our knowledge on the other fractures related to
osteoporosis [11, 12].

The aim of this study was to estimate the unit costs
of non-vertebral osteoporotic fractures in 5 countries:
France, UK, Spain, Italy and Belgium by combining
the data issued from two clinical trials [13–16] and
external data extracted from validated database.

Material and methods

Sources and selection of data

SOTI and TROPOS were two prospective, random-
ized, double-blind clinical phase 3 trials comparing, in
two parallel groups, the daily oral dose of 2 g of stron-
tium ranelate with placebo, the patients of both
groups receiving calcium and vitamin D according to
their own deWciencies [13, 14]. The main objective of
SOTI and TROPOS was to demonstrate a reduction
in the incidence of postmenopausal women experienc-
ing a new osteoporotic fracture (vertebral fracture in
SOTI and non-vertebral fracture in TROPOS) with a
main analysis over a 3-year treatment period. Both tri-
als assessed the incidence of non-vertebral fractures
(secondary endpoint in SOTI). One of the secondary
objectives was to provide data regarding the manage-
ment of non-vertebral osteoporotic fractures in order
to subsequently estimate the costs. In SOTI, 1,649
women above 50 years of age were enrolled with at
least one osteoporotic vertebral fracture at inclusion
and a lumbar BMD · 0.840 g/cm2. In TROPOS 5,091
women with or without prevalent vertebral fractures
above 70 years of age with a femoral neck BMD ·
0.600 g/cm2 were enrolled. In both trials, the Wrst
foNSllow-up visit took place at 3 months, then at
6 months, and the subsequent visits were scheduled
every 6 months. Twelve countries participated to these
studies.

Among those, we selected Wve countries which had
reported data for at least 50 non-vertebral fractures. A
total number of 4,483 patients and 633 osteoporotic
fractures were included as follows: Italy (1,061 patients
and 102 fractures), UK (1,034 patients and 112 frac-
tures), Belgium (947 patients and 185 fractures),
France (887 patients and 179 fractures), and Spain (554
patients and 55 fractures).

Model of direct cost estimation of fractures

The resource utilization data recorded in the case
report forms (CRFs) on non-vertebral osteoporotic
fractures were the following: surgical treatment (except
prosthesis) and the procedure used (pin, screw, plate),
prosthesis, orthopaedic treatments, immobilisation of
the fracture by cast or splint, length of hospitalisation
and length of rehabilitation treatment (at home and in
specialized institutions).

The inpatient costs were estimated based on local
costs per disease related group (DRG) (France, UK,
Spain, Italy), or average costs of hospitalisation per day
in orthopaedic services for all diagnoses combined
(Belgium). Sources for the cost estimates are the fol-
lowing:

Belgium Institut National d’Assurance Maladie-
Invalidité (INAMI), Nomenclature des
Prestations de Santé, Bruxelles.

Spain SOIKOS, Centro de Estudios de Eco-
nomía de la Salud y Política Social, Base
de Datos de Costes Sanitarios, Versión 1.4.
COCHTA A guidance document for the
costing process. Version 1.0. 1996.

Italy Ministry of Health. Aggiornamento delle
tariVe delle prestazioni di assistenza ospe-
daliera di cui al DM 14.12.1994; DM
30.6.97 SO GU n° 209 8.9.1997, Allegato
II.
Ministry of Health. DM 22 luglio 1996.
Prestazioni di assistenza specialistica
ambulatoriale erogabili nell’ambito del
SSN e relative tariVe GU n 216 of 14/11/
1996: DM of 22/07/1996.

UK NHS Reference Costs, 2001. CIPFA/HFM,
2001. PSSRU, 2001.
The Chartered Institute of Public Finance
and Accountancy (CIPFA), The Health
Service Database 2001 (Financial Year
2000–2001), CIPFA/HFM, IPF, London.

France Nomenclature des actes médicaux (Caisse
Nationale d’Assurance Maladie) http://
www.ameli.fr
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Programme de médicalisation des systé-
mes d’information (PMSI) 2001. http://
www.atih.sante.fr

When detailed information were not available,
assumptions were made in order to estimate the
costs (e.g., with regard to the number of visits, X-
rays, etc.):

• In case of hospitalisation, we assumed a standard
management comprising three outpatient follow-up
consultations and three imaging procedures in all
countries considered here.

• In absence of hospitalisation, we assumed that the
standard management included four outpatient visits
and four imaging procedures. Finally, all patients
with non-hospitalised fractures were assumed to
have immobilisation with a cast or splint.

Standard cost of the initial management of fractures

We deWned three categories of initial management
(prior to rehabilitation): orthopaedic treatment with
hospitalisation, surgical treatment with hospitalisation,
ambulatory treatment.

It was not possible to estimate the frequency of
treatment options for each country and fracture loca-
tions separately. This was the case since the number of
parameters to be estimated was quite large (5
countries £ 7 fracture locations £ 3 types of initial
management = 105) in relation to the total number of
observed fractures in both trials (N = 633). Sample
sizes were often too small to allow suYciently accurate
estimates. In particular, certain categories had no
observations at all.

In order to deWne clusters of fractures initial man-
agement, we used a logistic regression analysis. This
was done in two steps. First, we estimated a logistic
regression model with the odds of hospitalisations as
the outcome variable and binary predictive variables
for country and fracture location. For this analysis,
France was the country of reference and forearm frac-
tures was the reference location. This analysis allowed
us to regroup countries and fracture locations that did
not have statistically signiWcant diVerences in their
odds of hospitalisations. In order to minimize the pos-
sibility of regrouping country and fracture locations
with diVerent odds of hospitalisation we Wxed the �
(type I error) at 0.20.

A similar approach using logistic regression analy-
sis was also used to regroup countries and fracture
locations that had suYciently similar odds for
surgery.

For example, if the odds ratio (OR) of hospitalisa-
tion in Belgium compared with France was not signiW-
cantly diVerent from 1 (P > 0.20), we assumed that the
proportion of patients hospitalised for a fracture was
similar for both countries.

Rehabilitation standard cost

For estimating the average length of rehabilitation, we
used the mean value of the whole sample, given the
small variability across countries and the small num-
bers of patients observed. For the same reason, the
clavicle/sternum, pelvic and ribs fractures have been
grouped to estimate the average length of rehabilita-
tion. In the CRF, data on rehabilitation services at
home were given in terms of number of weeks of reha-
bilitation. However, costing these services required
information on the number of sessions. We therefore
made the assumption that a week of rehabilitation was
equivalent with two sessions of physical therapy.

Fracture locations

The fracture locations in the trials were regrouped into
seven categories: pelvic fractures (sacrum, pelvis), rib,
humerus, wrist (distal forearm), clavicle/sternum, hip
(femoral neck or trochanteric), leg (tibia, Wbula and
femur except hip). Fingers, toes and ankle fractures
have been considered as non-osteoporotic but trau-
matic.

Perspective

The health insurance (third-party payer) perspective
was primarily adopted in this study and we limited the
costs considered to direct medical costs.

A tentative estimate of corresponding societal costs
was also provided. We assumed that the Organisation
for Economic Co-operation and Development
(OECD) ratio of public expenditure on health on the
total expenditure in each country [17] could be applied
to our fracture cost estimates.

Currencies

The results are provided in Euros for the year 2002.
For UK, we used an exchange rate of 0.7055 pounds for
1 Euro.

Sensitivity analysis

We conducted a sensitivity analysis by varying two
types of parameters: 
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1. The estimated proportions of fractures treated in
an outpatient setting, hospitalised without surgery,
and hospitalised with surgical intervention; In
order to assess the maximum impact of such varia-
tions, we considered the following two extreme
cases:

• Minimum costs: the proportion of fractures
treated in an outpatient setting is equal to the
upper bound of the 95% conWdence interval and
among the hospitalised fractures, the proportion
of those with surgical intervention is the lower
bound of the 95% conWdence interval;

• Maximum costs: the proportion of fractures man-
aged in an outpatient setting is the lower bound of
the 95% conWdence interval and among the hos-
pitalised fractures, the proportion of those with
surgical intervention is the upper bound of the
95% conWdence interval.

2. The unit costs of fractures were varied by § 10%.

Results

For the Wve selected countries a total of 533 women
with a mean age of 77 years, experienced at least one
fracture: 132 (mean age 71 years) included in the SOTI
trial and 401 (mean age 78 years) included in the TRO-
POS trial. Among those 533 women, 633 fractures were
observed (i.e. 1.19 fractures per woman): 156 in the
SOTI trial (1.18 fractures per woman) and 477 in the
TROPOS trial (1.19 fractures per woman).

Among those 633 fractures, the most frequent were
those of the hip (N = 159) and wrist (N = 147), fol-
lowed by fractures of the humerus (N = 102), ribs
(N = 91), pelvis (N = 64), leg (tibia, Wbula and femur
except hip) (N = 48), and clavicle/sternum (N = 22).
The total number of fractures observed in Belgium was
185, in France 179, in UK 112, in Italy 102 and in Spain
55.

Logistic regression analyses

Proportion of fractures treated with hospitalisation

For the purpose of this analysis, the reference group
for country was France and for the fracture location,
wrist fractures.

Based on the logistic regression analyses, two clus-
ters of countries could be distinguished:

• France (reference group), Belgium (OR = 1.2), Italy
(OR = 0.6) and UK (OR = 1.2), for which the odds

ratios for hospitalisation were not signiWcantly diVer-
ent from one another;

• Spain where the proportion of fractures treated with
hospitalisation was lower (OR = 0.3).

With regard to fracture locations and compared to
wrist fractures (reference group), results showed that
diVerences of hospitalisation for the following fracture
locations were not signiWcant: pelvis (OR = 1.2),
humerus (OR = 1.2) and leg (OR = 1.4).

In contrast, hip fractures were all treated with hospi-
talisation and fractures of the wrist and those of the
clavicle/sternum (OR = 0.4) and of the ribs (OR = 0.4)
were less frequently hospitalised as compared with
those of the wrist.

Proportion of surgical interventions in patients hospita-
lised

Among patients hospitalised for their fractures, the
proportion of fractures that had surgical interventions
was not signiWcantly diVerent in the following coun-
tries: France, Belgium, Italy and Spain.

Compared to France, UK had a lower proportion of
fractures treated with surgical interventions.

For fractures treated in an inpatient setting, the pro-
portions of fractures operated were similar for the fol-
lowing locations: wrist, humerus, leg. Hip fractures
were more frequently operated than wrist fractures
and pelvis and clavicle/sternum were less frequently
operated. None of the ribs fractures were operated.

Estimation of combined results (country and fracture 
locations)

Table 1 shows the proportion of patients treated with
hospitalisation and surgery as estimated.

As we saw above, the logistic regression concluded
that the rates of fractures not hospitalised, hospitalised
without surgery and hospitalised with surgery were not
signiWcantly diVerent in the following countries:
France, Italy and Belgium. Therefore, those three
countries have been pooled. For the same reason, esti-
mates of the rates of fractures hospitalised versus not
hospitalised in UK was also grouped with those three
countries and the rate of fractures hospitalised and
having a surgical procedure versus no surgical proce-
dure in Spain were pooled with the three countries.

For hip fracture, we used the crude (unweighted)
estimates, which could be considered reliable given the
larger number of observations. The management of
this fracture was very similar across countries with
more than 90% of them treated with surgery.
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Duration of rehabilitation

Table 2 shows the duration of rehabilitation in specia-
lised centres and at home.

The highest lengths of stay in specialised centres
were observed for hip fractures (20.6 days) and leg
(17.2 days). Average length of stay in specialised cen-
tres was substantially lower for other fractures:
11.6 days for humerus fractures, 5.2 days for ribs, pelvis
and clavicle/sternum fractures and 4.2 days for wrist
fractures.

On the other hand, duration of rehabilitation at
home was longer for fractures of the upper limbs, and
shorter for the lower limbs.

Costing

Inpatient care

Table 3 shows the unit costs of hospitalisation based on
external data sources in each country. The groupings of
localisations for unit costs estimates were made accord-
ing to the available data in each country.

Costs were higher for fractures that underwent sur-
gical interventions as compared with those without sur-
gery. In correlation with the severity of the clinical
events, cost of hip fractures were substantially higher
than cost of other fractures in all countries and for all
types of management except those without surgery for
Belgium.

The least costly fractures were those of the ribs.
However, costs varied substantially by country and
type of management.

Rehabilitation

Table 4 shows costs of rehabilitation for diVerent types
of fractures in each country.
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Table 2 Average duration of rehabilitation in specialised centres
and at home (number of days)

a Those fracture locations have been grouped in order to increase
the number of subjects and the accuracy of the estimate (for
example only one rib fracture had a rehabilitation in specialized
centre) and they belong to the same anatomic part of the trunk

Locations Specialised centres Home

Wrist 4.2 23.9
Hip 20.6 22.1
Humerus 11.6 25.6
Leg 17.2 14.2
Ribs, Pelvis 

and Clavicle/sternuma
5.2 14.5
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The highest costs were observed for hip fractures,
followed by those of the leg and the humerus. The low-
est costs were observed for fractures of the wrist.
According to the countries highest costs are observed
in Italy and UK, followed by Spain, France and Bel-
gium.

Total direct costs by fracture

Using the above estimates of cost elements, we esti-
mated the total costs of management for diVerent frac-
ture locations.

Contrasted direct (medical) costs were found
according to the category of fractures (Table 5). Hip
fracture cost was the highest followed by leg, humerus
and pelvis. Cost of wrist, clavicle/sternum and rib frac-
tures were much lower (except wrist fractures for UK).
In the Wve countries, cost varied substantially by coun-
try except hip fracture for which costs varied relatively
little:

• Wrist: 890D (Spain) to 2,022D (Italy);
• Clavicle/sternum: 837D (Spain) to 2,116D (Italy);
• Pelvis: 1,167D (Spain) to 3,268D (Italy);
• Hip: 8,346D (Italy) to 9,907D (France);
• Rib: 565D (Spain) to 908D (France);
• Humerus: 1,518D (Spain) to 3,651D (Belgium);
• Leg: 1,805D (Spain) to 3,521D (Italy).

Our study was focused on the third party payer per-
spective. However, rough estimates of the societal cost

can be calculated on the basis of the ratios of the public
expenditure on the total expenditure for health pro-
vided by the OECD [17]. This proportion varies
according to the countries: 71.2% (Belgium), 71.4%
(Spain), 75.6% (Italy), 76.0% (France) and 83.4%
(UK). The results are displayed in Table 6.

Breakdown of fracture costs according to resources
are presented for illustration in Fig. 1 for Italy.

The mean unit cost associated with rehabilitation
was often higher than inpatient care: for example, it
represented around 59% for hip fractures.

Sensitivity analysis

Table 7 shows the results of sensitivity analyses for the
Wve countries. Substantial variations in the range of
50% concerned fractures of the ribs and clavicle/ster-
num. They were due to the limited sample size for
these fractures which resulted in wider conWdence

Table 3 Unit costs of hospitalisation by fracture location and type of management in the Wve countries (Euros-2002)

a Those fracture locations have been grouped because separate data for the cost were not available

Locations France Belgium Italy Spain UK

With 
surgery

Without 
surgery

With 
surgery

Without 
surgery

With 
urgery

Without 
surgery

With 
surgery

Without 
surgery

With 
surgery

Without 
surgery

Wrist 2,361 1,960 2,771 971 3,307 1,426 1,321 780 1,531 1,175
Hip 6,664 3,112 6,207 2,912 3,307 3,894 6,415 3,495 4,179 1,402
Humerus 4,839 1,960 7,217 3,159 2,768 1,426 1,321 1,248 1,531 852
Leg 4,839 1,960 6,151 2,602 3,307 1,426 1,321 1,248 1,531 1,402
Ribs, Pelvis, 

Clavicle/sternuma
5,116 2,849 4,833 2,355 2,681 1,470 1,321 1,248 1,531 852

Table 4 Mean direct unit costs of rehabilitation according to
fracture (Euros-2002)

Locations France Belgium Italy Spain UK

Wrist 777 683 1,153 832 1,439
Hip 3,565 2,560 4,925 3,979 4,289
Humerus 2,071 1,593 2,928 2,282 2,918
Leg 2,761 1,979 3,812 3,082 3,308
Ribs, Pelvis and 

Clavicle/sternum
1,158 862 1,619 1,283 1,518

Table 5 Direct costs of fractures by location and countries: third
party payer perspective (Euros-2002)

Locations France Belgium Italy Spain UK

Wrist 1,758 1,432 2,022 890 1,937
Clavicle/sternum 2,029 1,824 2,116 837 995
Pelvis 3,120 2,789 3,268 1,167 1,279
Hip 9,907 9,674 8,346 9,772 8,822
Rib 908 784 730 565 764
Humerus 2,975 3,651 2,909 1,518 2,625
Leg 3,363 3,468 3,521 1,805 3,086

Table 6 Direct unit costs of fractures by location and countries:
societal perspective (Euros-2002)

Locations France Belgium Italy Spain UK

Wrist 2,313 2,011 2,685 1,246 2,323
Clavicle/sternum 2,670 2,562 2,810 1,172 1,193
Pelvis 4,105 3,917 4,340 1,634 1,534
Hip 13,036 13,587 11,084 13,686 10,578
Rib 1,195 1,101 969 791 916
Humerus 3,914 5,128 3,863 2,126 3,147
Leg 4,425 4,871 4,676 2,528 3,700
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intervals in the proportion of fractures hospitalised or
having a surgical intervention.

Variations in the costs of other fracture locations
were of a lower magnitude, about 30% (wrist,
humerus, leg, hip). The lowest magnitude of variation
was observed for hip fractures.

Discussion

To our knowledge, this is the Wrst study estimating the
cost of fractures other than vertebral, hip, wrist, espe-
cially in Spain, and in Italy and Belgium where pub-
lished data are restricted to hip fractures. In most
studies, the fractures associated with osteoporosis were
generally restricted to hip, wrist and vertebral fracture
[18].

Our estimates were based on data collected in clini-
cal trials, they might concern a selected subgroup of
women meeting the inclusion criteria, i.e. women with
at least one osteoporotic vertebral fracture and a lum-
bar BMD · 0.840 g/cm2 (SOTI) or a femoral neck
BMD · 0.600 g/cm2 (TROPOS) and above 50 (SOTI)
or 70 years old (TROPOS). However, these character-
istics apply to most women who have access to antios-
teoporotic treatments. Several studies demonstrated
that only limited diVerences characterise osteoporotic
fracture costs as compared to non-osteoporotic [19].

The sample size of the groups enrolled in each coun-
try with a speciWc type of fracture was sometimes also

limited, which could bring a lack of precision. The utili-
zation of a logistic regression model to determine clus-
ters of combined variables (countries, fracture,
location and type of management) allowed to increase
the precision of our estimates.

The information on the resources used for fractures
medical management was limited to hospitalisation
and rehabilitation. Therefore, we used assumptions
about outpatient care (consultations and imaging) as
usually done in other studies [19, 20]. This approach
was justiWed because hospitalisation, surgery and reha-
bilitation are recognized as the major drivers of frac-
tures cost [21–24].

We only took into account the initial phase of the
medical management. This excluded the re-hospitalisa-
tions and nursing home stays. Most studies on cost of
hip fractures conducted in Europe have also focused
on the phase of the acute care [19, 22, 24–33]. Only few
authors have measured all resources consumed in the
following year after the occurrence of the fracture [34–
39]. According to these studies, the additional costs
represented 34–73% of the initial management cost.

As indirect costs (productivity losses) associated
with fractures are minor given the age of the patient
population, we limited the costs considered to direct
costs, in line with most published studies (Table 8).

Ideally, studies should be conducted from a societal
perspective. Because of data constraints, the health
insurance (third-party payer) perspective was adopted
in this study. In other words, the direct costs included

Fig. 1 Mean unit direct medi-
cal costs of fractures in Italy 
(Euro-2002): breakdown 
according to care categories

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 
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Humerus
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Clavicle/sternum

Rib Hospitalisation with surgery

hospitalisation without surgery

outpatient care

rehabilitation centre

rehabilitation at home

Table 7 Unit costs of management of fractures: sensitivity analysis (Euro 2002)

France Belgium Italy Spain UK

Low 
estimate

High 
estimate

Low 
estimate

High 
estimate

Low 
estimate

High 
estimate

Low 
estimate

High 
estimate

Low 
estimate

High 
estimate

Wrist 1,451 2,096 1,150 1,755 1,645 2,448 746 1,049 1,627 2,274
Clavicle/sternum 905 3,405 824 3,058 918 3,624 480 1,256 660 1,382
Pelvis 2,527 3,787 2,251 3,397 2,601 4,034 980 1,369 1,091 1,479
Hip 8,625 11,253 8,353 11,083 7,512 9,181 7,713 12,071 7,940 9,704
Rib 565 1,308 500 1,114 463 1,040 409 744 600 948
Humerus 2,395 3,634 2,924 4,480 2,385 3,491 1,268 1,790 2,187 3,104
Leg 2,713 4,097 2,787 4,242 2,878 4,240 1,504 2,132 2,574 3,644
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were those reimbursed in the diVerent health systems.
A tentative approach of the societal cost estimate used
the ratio of health public expenditure on the total
health expenditures for the diVerent countries [17].
The results rely on the assumption that this proportion
is relevant for fracture costs, which is questionable.
Actually, as fracture management costs include for a
large part inpatient care, our results are probably
underestimated.

International comparisons of costs are diYcult
because of the diVerent organisation of health care
within countries. Despite this limitation, our estimates
were in the same order of magnitude in the diVerent
countries.

We compared our results to similar published data,
which raised problems of heterogeneity in methods
and perspectives, survival for example in the year after
the fracture was considered in some studies but not in
others.

The cost attributable to fracture management may
be estimated in diVerent ways. In some studies, all
health care resources following the fracture occurrence
were assumed to be due to the fracture; in other stud-
ies, the estimate was an incremental cost obtained by
comparing the preceding year or to a control group.

To compare our results to previous studies, we
adjusted the estimates to the 2002 values (3% per year)

and converted them in Euros by using the 8/2004
exchange rates. The results are presented in Tables 8
and 9.

Despite the limitations cited above, our results on
hip fractures were in the same order of magnitude
than previous studies in the same countries. The study
by Levy in France (1989) found higher estimates for
hip fractures (15,907€ after adjustment). This diVer-
ence may be due to the important number of days in
rehabilitation centres found in Levy’s study (75–450)
leading to a rehabilitation cost of 7,081€. This might
be due to a more frequent management of hip frac-
ture by orthopaedic treatment or immobilisation by
cast or splint in the late eighties, compared to current
practices.

In other European countries of similar economic
level, most 2003 adjusted estimates were in the same
order of magnitude as our results i.e. in a range
between 8,799 and 16,200€. Three studies estimated
costs up to 29,207€ (Sernbo), 23,539€ (Zethraus) and
17,564€ (Haentjens) because they considered all
resources consumed in the full year following the frac-
ture. The main items accounting for the increase of the
total cost were nursing home stays and re-hospitalisa-
tions. Kanis estimated the cost of hip fracture leading
to nursing home admission in UK at 44,422€ in Wrst
year, and at 30,965€ in the second year following the

Table 8 Literature review of direct unit costs of hip fractures (Euros-2002)

a When the two perspectives were adopted, the third party payer cost is reported in the table
b Cost in the year following the fracture

Author Country Cost a Cost a 
(2002-value 
adjusted)

Perspective

Parker [24] UK 4,905D 7,642D Societal
Hollingworth [26] UK 8,214D 11,711D Societal
French [22] UK 5,947D 8,214D Societal
Kanis [39] UK 10,825D 11,150D Third party 

payer +social care
Kanis [39] UK 44,422D 

(nursing home 
conWnement)

45,755D Third party 
payer +social care

Levy [19] France 9,624D 15,907D ?
Reginster [23] Belgium 7,100D 8,732Db Third party 

payer +societal
Haentjens [34] Belgium 15,151Db 17,564Db Third party payer
Visentin [25] Italy 7,350D 9,311D Societal
Brecht [33] Germany 8,614D 9,695D Third party payer
De Laet [36] Netherlands 8,227Db 11,056Db Societal
Nurmi [35] Finland 12,625Db 12,625Db Societal
Schürch [28] Switzerland 35,640D 47,897D Societal
Koeck [29] Austria 7,369D 8,799D ?
Ankjaer-Jensen [30] Denmark 8,719D 11,376D Societal
Zethraeus [38] Sweden 18,041Db 23,539Db Societal
Sernbo [37] Sweden 21,100Db 29,152Db ?
Borquist [31] Sweden 8,921D 13,494D ?
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occurrence of fractures. Schürch in Switzerland esti-
mated at 47,897€ the cost for acute care for hip frac-
ture. This very high estimate was due to the high cost
of inpatient care per day in this country. In Belgium
the inpatient costs were estimated based on duration
of hospitalization (in other countries, local costs per
Disease Related Group were used). In the study of
Reginster in this country, the mean duration of hospi-
talization was 26 days and this duration was 29 days in
the study of Haentjens [34, 23]. These numbers are
very closed to the one of our study (24 days).

For wrist fractures, our estimates were higher than
in other published studies [40]. The main reason for
this diVerence is due to a higher rate of hospitalisation
(56.1%) than most other studies (0–40%). This high-
lights the fact that the hospitalisation rate is a key fac-
tor for estimating the cost of this type of fractures.

If one considers that the increasing incidence of
fractures associated with osteoporosis is age-depen-
dant and that osteoporosis is the major, if not the
unique, factor inducing such an age-related change,
then many other fractures must be considered as osteo-
porotic at least in Caucasian women [36, 41]. Conse-
quently, the real costs of osteoporosis are probably
underestimated in most studies.
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