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Aims
The aim of this study was to compare the cost-effectiveness of treatment with an 
osseointegrated percutaneous (OI-) prosthesis and a socket-suspended (S-) prosthesis for 
patients with a transfemoral amputation.

Patients and Methods
A Markov model was developed to estimate the medical costs and changes in quality-
adjusted life-years (QALYs) attributable to treatment of unilateral transfemoral amputation 
over a projected period of 20 years from a healthcare perspective. Data were collected 
alongside a prospective clinical study of 51 patients followed for two years.

Results
OI-prostheses had an incremental cost per QALY gained of €83 374 compared with S-
prostheses. The clinical improvement seen with OI-prostheses was reflected in QALYs 
gained. Results were most sensitive to the utility value for both treatment arms. The impact 
of an annual decline in utility values of 1%, 2%, and 3%, for patients with S-prostheses 
resulted in a cost per QALY gained of €37 020, €24 662, and €18 952, respectively, over 20 
years.

Conclusion
From a healthcare perspective, treatment with an OI-prosthesis results in improved quality 
of life at a relatively high cost compared with that for S-prosthesis. When patients treated 
with S-prostheses had a decline in quality of life over time, the cost per QALY gained by OI-
prosthesis treatment was considerably reduced.

Cite this article: Bone Joint J 2018;100-B:527–34.

Routine management following a transfemoral
amputation (TFA) has traditionally been to fit
patients with a socket-suspended (S-)
prosthesis.1,2 A recent advance is bone-
anchored artificial limbs in which the
prosthesis is attached without a socket. This
may be an option for patients with
amputations which are undertaken for
nonvascular reasons.3 The patient-perceived
benefits of using a prosthesis which is
anchored to bone rather than a S-prosthesis
include increased use, less inconvenience, a
more reliable attachment, improved mobility,
reduced energy cost and improved health-
related quality of life (HRQoL).4-10 However,
complications have been reported including
implant loosening, deep and superficial
infection and mechanical complications.7,9-12

A prosthesis which is anchored to bone
using osseointegration was first developed in

Sweden.13 Currently, other designs and
methods are in use or under
development.3,9,10,14-16 The Swedish treatment
uses the Osseointegrated Prostheses for the
Rehabilitation of Amputees (OPRA) implant
(Integrum AB, Mölndal, Sweden), which has
three main components (Fig. 1). The surgical
part of the treatment involves two operations,
about six months apart,7 followed by
approximately six months of rehabilitation
including gradually increased loading of the
prosthesis, and its use and activity.11 Thus, a
period of one year is required before the
patient is allowed non-restricted weight-
bearing on the osseointegrated (OI-)
prosthesis. Brånemark et al7 described the
OPRA treatment and reported the outcomes in
a prospective study involving 51 patients with
a transfemoral amputation followed for two
years. They reported a 92% cumulative
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implant survival rate and important improvements in
patient-reported outcomes.7 Haggstrom et al showed that
the annual mean costs of OI-prostheses are comparable
with to those of S-prostheses.17 However, the OPRA
treatment incurs additional costs, mainly for the surgery
and the implant. The costs of the complications of surgery
and adverse events could be significant compared with the
cost of a S-prosthesis, and therefore should be considered
when determining whether OI-prostheses are cost-effective
when compared with S-prostheses.

To our knowledge, no study has yet evaluated the cost-
effectiveness of using a OI-prosthesis after TFA, although
such research has been called for.18-20 The aim of this study
was to assess the cost-effectiveness and outcome of OI-
prostheses compared with the use of routine S-prostheses
for patients with a unilateral TFA treated with OPRA in
Sweden.

Patients and Methods
A Markov-state transition model was built to represent the
two treatment options: OI- and S- prostheses (Fig. 2). It
used a specific structure for each arm, rather than one
common structure for both arms, in order to allow for
differences in the pattern of treatment between
interventions.

In the OI-prosthesis arm, patients entered the model
having been screened for eligibility. Those deemed not
eligible for the OI-Prosthesis were moved to the S-
prosthesis arm. Patients deemed eligible (e.g. full skeletal
maturity, having problems to use S-prosthesis, amputation

due to other reason than severe vascular disease) are fitted
with an OI-prosthesis.7

This stage consists of two main periods. The first
involves a year during which patients have surgery after
which the prosthesis is fitted and they undergo
rehabilitation. Patients who are successfully treated during
this time pass into the second period, in which they have
full use of their prosthesis.

The S-prosthesis arm contained one such period and a
tunnel health state: those treated with the prosthesis and
those requiring revision of the stump. Revision was
included in the model because patients seeking OPRA
treatment may have soft-tissue-related adverse events that
lead to revision. Revisions have an impact on health care
resource use for patients in this arm of the study.

All patients in the model are at risk of developing adverse
events during the period of the study. The most severe is
removal of the implant. Patients who require this move to
the first period of the OI-prosthesis arm. They are thus
screened for eligibility for a second treatment and may re-
enter the model. Patients may develop a superficial or deep
infection, mechanical complications related to the
abutment and/or abutment screw and/or revision of the soft
tissues.7 None of these complications leads directly to
secondary effects but have been modelled as a tunnel state
in which patients re-enter the state that they previously
were in after incurring treatment costs due to the specific
event.

Fig. 1

The Osseointegrated Prostheses for the Rehabilitation of Amputees
(OPRA) Implant System. It includes three main parts: an implanted
fixture, an abutment, and an abutment screw. The fixture is implanted
into the residual bone at a first operation. At a second operation, about
six months later, the percutaneous parts, (the abutment and screw),
are installed into the fixture to act as the connection to the artificial
limb. These two components can be replaced if needed. The second
operation also involves the creation of the percutaneous area where
the implant protrudes from the residual limb. This figure is reproduced
with permission from Brånemark R, Berlin O, Hagberg K, et al. A novel
osseointegrated percutaneous prosthetic system for the treatment of
patients with transfemoral amputation: A prospective study of 51
patients. Bone Joint J 2014;96-B:106-113.

Fig. 2

Flowchart showing a Markov structure. The model contained two arms
for the assessment of cost-effectiveness: osseointegrated (OI-)
prosthesis and standard-of-care socket (S-) prosthesis.
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The model estimated the medical costs and quality-adjusted
life-years (QALYs) attributable to a unilateral TFA in Sweden
over a 20-year period with a one-month cycle length.

The OPRA study was performed at a single site
(Sahlgrenska University Hospital). A total of 51 patients
with TFA were treated with 55 OPRA implants.7 Six had
bilateral TFA, and four of these had simultaneous bilateral
procedures. The complete costs for each patient were
recorded by the hospital and could be accessed using the
patient’s Social Security number. We have previously
reported the details of the patient-reported outcomes for
the 39 patients with unilateral TFA at two years
postoperatively.6 The current study used the hospital and
utility data for these patients which are summarized in
Table I. Probabilities of events used in the model are
summarized in Table II.

Screening for eligibility included assessment of
radiographs, CT scans, assessment of the residual limb and
the patient’s overall health and preoperative information.
Data from the hospital records revealed that 48/70 (69%)
of those assessed during a three year period were selected
for treatment.

The most severe complication that could occur was
removal of the implant due to aseptic loosening or deep
infection. In the OPRA study,7 four of 55 implants were
removed during the two-year follow-up period. Three of
these patients were treated with a second OPRA implant at
a later date. The most common complication was a
superficial infection.7,12 In the OPRA study, 28 of 51
patients had one or more such infections with a total of 41
infections at any time after the second surgery. During the
first year, deep infection was diagnosed in four of 51
patients. These occurred at any time between immediately
after the first operation to about six weeks after the second
operation.7 Deep infections can also occur later. Tillander
et al12 reported that seven of 39 patients in their study had
a deep infection occurring at a mean of 34 months (11 to
60) postoperatively.

Mechanical complications occurring to the percutaneous
parts of the implant involving abutment and/or the screw
(Fig. 1) and leading to the need for replacement may occur
after the first year. In the OPRA study, four of 51 patients
had a total of nine such complications during the second
year.7

Table I. Baseline demographics of 39 patients with a unilateral transfemoral amputation included in the
Osseointegrated Prostheses for the Rehabilitation of Amputees (OPRA) study between 1999 and 2007
and followed for two years

Variable

No. of patients 39
Gender, male:female 17:22
Mean age at the start of treatment, yrs (SD) 44 (12.4)
Reason for amputation, n
Trauma 23
Tumour 11
Other 5
Mean age at amputation, yrs (SD) 31 (14.8)
Mean time between amputation and the start of treatment; yrs (SD) 13 (11.7)
Concomitant injuries or defects at the start of treatment* 7
Prosthetic user at inclusion (≥ 1 day per week) 33
Country of residence
Sweden 21
Other European country 18
*Concomitant injuries in seven patients with at least one additional disability included transtibial ampu-
tation (n = 1), foot injury (n = 3), knee injury (n = 1), and paralytic arm (n = 2)

Table II. Transition probabilities in the model

Event Probability Source

Being eligible for OPRA treatment 0.6857 Hospital data
Removal of the fixture 0.0029 OPRA study
Proportion of patients receiving new OPRA treatment after removal 0.0519 Assumption; OPRA 

study
Superficial infection at skin-penetration site 0.0513 OPRA study
Deep infection, year 1 and 2 0.0088 OPRA study
Deep infection, beyond year 1 0.0035 Tillander et al12 

(2010)
Mechanical complications, change of abutment and/or screw 0.0091 OPRA study
Surgical revision of skin-penetration site 0.0044 OPRA study
Revision of stump, S-prosthesis 0.0022 Hospital data
OPRA, Osseointegrated Prostheses for the Rehabilitation of Amputees; S-prosthesis; socket-suspended prosthesis
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Revision of the wound, due to poor wound healing or
complications at the skin-penetration site may be required.7

Thus, six such revisions were required in 39 patients.
In patients using a S-prosthesis, revision of the stump

may be required in order to achieve a proper fit of the
socket or to reduce pain.21-25

The current study employs a widely used technique of
economic evaluation comparing the incremental cost per
QALYs of health care. The QALY combines quantity and
quality by assigning a value to quality of life on a zero (for
states as bad as being dead) to one (for full health) scale,
referred to as a utility value.26 There are many different
methods for obtaining utility values. In this study they were
based on the Short Form 6 Dimensions (SF-6D),27 which is
a preference-based, single-index measure of health derived
from 11 items in the 36-item Short Form Health Survey
(SF-36).28 The SF-36 data were obtained from the OPRA
study for patients treated between 1999 and 2007,6,7

recorded before treatment and at the one- and two-year
follow-ups (Table III).

The costs of revisions and complications are shown in
Table IV. 

The cost of screening for eligibility for the OI-prosthesis
was taken from hospital data. The total cost of surgery
included the costs of hospitalization, from admission to
discharge, daily costs of care and individual costs. Daily
costs include fixed costs (staff salaries, accommodation and
administrative costs). Individual costs include patient-
specific costs (surgery, the OPRA implant, postoperative
care, drugs, laboratory tests and imaging). The cost of a
revision of the wound included the costs of surgery, which

was usually performed as an inpatient. Change of abutment
and/or the screw included fixed costs for surgery as an
outpatient and the cost of materials. The cost of treatment
for a superficial infection usually included ten days of oral
antibiotics, and of a deep infection usually included at least
three months of oral antibiotics.

The annual cost of components of OI- and S-prostheses
included the cost of the initial components and the
requirement of new prostheses, servicing, repairs,
adjustments, and maintenance which consisted of
workshop salaries, investments in equipment and
buildings, and consumer goods based on the cost reported
previously by Häggström et al.17

Statistical analysis. The base-case analysis estimated the
total costs and QALYs for both interventions, to identify
the additional cost per QALY gained (the incremental cost-
effectiveness ratio (ICER)) for OI-prostheses compared
with S-prostheses. Analysis of uncertainty was performed
in three parts. First, one-way sensitivity analysis was
performed by varying 27 of the parameters in the model
individually within an uncertainty range of ± 10% of the
mean value. Secondly, probabilistic sensitivity analysis was
undertaken to capture the uncertainty in all parameters
simultaneously, using 5000 Monte Carlo samples.
Parameter uncertainty was defined by probability
distributions as recommended by Briggs et al.29 Depending
on the parameter, uncertainty was based on estimates of
calculated or reported patient counts, standard errors, or
range. Beta distributions were used for changes of
probabilities and utility weights, and gamma distributions
were used for costs.

Table III. Utility data in the model, taken from the Short Form 6 Dimensions (SF-6D). All
patients in the Osseointegrated Prostheses for the Rehabilitation of Amputees (OPRA)
study answered the 36-item Short Form Health Survey (SF-36) at baseline, before treat-
ment start, and at one and two years after the second operation. Detailed results on the 39
patients have been previously reported6

Health state Utility Source

S-prosthesis 0.653 OPRA study
OPRA, year 1 after second surgery 0.682 OPRA study
OPRA, year 2 and onward 0.692 OPRA study
S-prosthesis; socket-suspended prosthesis

Table IV. Costs in euros (€) using 2009 values and a conversion rate of €1 = 10.41 SEK.

Event Cost Source

Cost of screening for eligibility for OPRA treatment €620 Hospital statistics
Total cost of first surgery €17 632 Hospital statistics
Total cost of second surgery €16 470 Hospital statistics
Cost of revision of skin-penetration site €6401 Hospital statistics
Cost of prosthesis per year, OI-prosthesis €2910 Häggström et al17 (2013)
Cost of prosthesis per year, S-prosthesis €3338 Häggström et al17 (2013)
Cost to change abutment and/or screw, including surgery and component(s) €4372 Hospital statistics
Revision of stump, S-prosthesis €7929 Hospital statistics
Cost of superficial infection, antibiotics, 10 days €23 Expert opinion
Cost of deep infection, antibiotics, 3 mths €850 Expert opinion
OPRA, Osseointegrated Prostheses for the Rehabilitation of Amputees; OI-prosthesis, osseointegrated prosthesis; S-prosthesis; socket-
suspended prosthesis
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Finally, the model was run under alternative scenarios to
investigate the impact of uncertainty by varying the time for
the analyses and the impact of assumption of decline in
utility values over time for patients with S-prostheses.

Quality-control procedures were performed on the final
version of the adapted model and included verification of
all data with the original sources, a series of diagnostic tests
to confirm that the model had correctly applied all
formulas, and a review of the calculations and
programming.30 The cost-effectiveness model was
programmed in Microsoft Excel 2010 and Visual Basic for
Applications (Microsoft Corporation, Redmond,
Washington).

The Regional Ethical Review Board (R402-98, T216-03,
737-08) approved the study.

Results
The clinical improvement seen with OI- compared with S-
prostheses in previous studies was reflected in a larger gain
of QALYs with OI-prostheses (OI-: 10.15; S-: 9.87). The
largest proportion of the costs for both strategies was
associated with the costs of components, with the S-
prosthesis incurring a higher mean cost. However, the
higher costs were not enough to offset the increased overall
costs related to the OPRA treatment (Table V).

When considering the projected outcomes and costs
generated by the model at the end of 20 years, the base-case
analysis showed that the OPRA treatment had an ICER of
€83 374 per QALY gained, compared with S-prostheses
(Table V).

The sensitivity analysis showed that the probability of
OPRA treatment being cost-effective was 0.40 for a
willingness-to-pay value of €48 000 (500 000 SEK), as
presented in Figure 3.

The parameters identified from the one-way sensitivity
analysis with the greatest impact on cost-effectiveness were
changes to the utility parameters for both S- and OI-
prostheses as well as the monthly cost of both prostheses
(Supplementary table i).

The model was sensitive to the time horizon, resulting in
a cost per QALY gained of €98 519, €243 322, and
€2 578 563 when 15-year, five-year, and one-year times

were used, respectively, instead of 20 years. When
investigating the impact of including decline in utility
values for patients with a S-prosthesis over time, an annual
decline of utility values of 1%, 2%, and 3% resulted in a
cost per QALY gained of €37 020, €24 662, and €18 952,
respectively, over a period of 20 years, compared with the
€83 374 base case.

Discussion
Our aim was to assess the cost-effectiveness of OI-
compared with S-prostheses in the management of patients
with unilateral TFA treated with OPRA in Sweden. We
found that the OPRA treatment incurs higher costs, from
the healthcare perspective, than S-prostheses. The analysis
predicted that OPRA treatment would decrease costs
related to revisions of the stump and prosthetic components
when compared with conventional care. However, due to
the cost of the treatment and complications, the OI-
strategy had a projected increase in costs of € 23 592 over
a period of 20 years. Because this difference is largely
composed of the cost of the surgery, this cost is, for most
patients, incurred as a one-off cost early in the treatment.
Thus, the time under which it is assumed that the patient
would benefit from the procedure is important when
considering the cost-effectiveness. As the anchorage of
prostheses to bone is still a fairly new technology, it is
difficult to say how long patients can be assumed to benefit
from it. Currently, eight patients from the OPRA study still
using the OI-prosthesis have passed their 15-year follow-
up. Furthermore, the longer period of time could imply that
OPRA treatment should be prioritized to those who would
have sufficient time to benefit from it, depending on the
level of willingness to pay for a QALY.

A strength of the study is that the healthcare costs are
based largely on patient-level data from those treated with
a OI-prosthesis. However, a limitation is the fact that
societal costs were not included, as the OPRA study
included non-Swedish patients, which made the calculation
of losses due to sick leave or disability impossible.
Difficulties with S-prostheses, such as discomfort related to
the socket, affect employment.31 Higher-level amputations
due to trauma, such as TFA result in lower rates of

Table V. Incremental costs, quality-adjusted life-years (QALYs), and costs per QALY for Osseointegrated Prostheses for the Rehabilitation of Ampu-
tees (OPRA) treatment versus conventional care with socket-suspended prosthesis (S-prosthesis; base-case results at 20 years)

Mean per patient OPRA treatment Conventional care with S-prosthesis OPRA treatment vs conventional care with S-prosthesis

Total cost per patient €78 417 €54 825 €23 592
Revision of stump €1653 €3380 -€1727
Cost of prosthetic components €48 139 €51 445 -€3307
OPRA treatment €24 697 N/A €24 697
Complications related to OPRA 
treatment

€3928 N/A €3928

QALYs per patient 10.15 9.87 0.28
Cost per QALY N/A N/A €83 374
N/A, not applicable
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employment.23 It is thus reasonable to assume that a patient
supplied with an OI-prosthesis close to the time of
amputation would have a better chance of regaining the
ability to work, which could decrease societal costs. If the
societal perspective could have been included in the study,
OPRA treatment would hypothetically reduce the
incremental cost of osseointegration and be more cost-
effective.

Little information is available about the long-term costs
for amputees. A few studies have reported high costs for S-
prostheses after traumatic TFA and that a new prosthesis is
needed about every 2.5 years.32,33 As most patients in the
OPRA study had their prosthesis serviced at more than one
workshop, thus making it difficult to control for between-
group differences, prosthetic costs could not be obtained
for those patients. Instead, we used costs from a previous
publication comparing costs of OI- and S-prostheses in
patients in whom all costs could be controlled.17

OPRA treatment is intended for amputees who have
difficulties using a S-prosthesis.7 In a recent review article,
including 27 studies and 3126 patients with limb loss, at
least53% of the patients described heat and/or perspiration
when wearing the socket and the authors stated that

currently these problems cannot be resolved.34 Specifically,
in patients with a traumatic TFA, limitations of mobility,
pain and difficulties affecting the use of the prosthesis
have been reported.23,35 In those with significant
symptoms such as an extremely short residual limb and/or
poor soft tissues, an OI-prosthesis may be the only
alternative. The aim of OPRA treatment is to improve
function and comfort when using a prosthesis. The current
analysis predicted that OPRA treatment would result in an
increase in QALYs gained. QALYs were calculated from
the SF-6D scores. This measure allows comparisons
among different conditions and is commonly used in
health economic studies.36 However, like other general
measures, it is not sensitive enough to capture detailed
differences within a group. To our knowledge, the SF-6D
has not previously been used in similar groups of
amputees. Therefore, the study by Hagberg et al6

reporting disease-specific measures in the same 39 patients
is important, showing significant improvements and fewer
problems. Several authors have validated the use of
prostheses which are anchored to bone and described the
benefits of more prosthetic use, better comfort, improved
mobility and improved HRQoL.4,5,8
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Fig. 3

Cost-effectiveness acceptability curve showing the probability of osseointegrated (OI-) prosthesis being cost-effective for a range of willingness-to-
pay values for the base case, as well as scenarios for utility decreases over time for socket-suspended (S-) prosthesis. The scenario with a 3%
annual reduction of utility results in a probability of the OI-prosthesis being cost-effective at approximately 80% for conventional willingness-to-pay
values for a quality-adjusted life-year (QALY). The vertical line indicates the cost-effectiveness threshold.



PATIENTS WITH UNILATERAL TRANSFEMORAL AMPUTATION TREATED WITH A PERCUTANEOUS OSSEOINTEGRATED PROSTHESIS 533

VOL. 100-B, No. 4, APRIL 2018

The one-way sensitivity analysis, and the investigations
of the impact of decline in utility over time, showed that the
utility values for the different treatment options have
significant impacts on the results. As patients eligible for
OPRA treatment have difficulties using a S-prosthesis, a
persistent or worsening of symptoms could cause a
continuing decline in HRQoL. Thus, the model was run
with the decrease in utility over time for the S-prosthesis
strategy. As seen from the results, a hypothetical 1%, 2%,
or 3% annual decrease in utility would reduce the cost per
QALY considerably. Given the large impact the utility has
on the ICER, it would be important to investigate the long-
term HRQoL for both groups of patients further. Currently,
there is a general lack of such longitudinal studies in
amputees37 regardless of which kind of prosthetic supply.37

The impact of complications on the use of OI-prostheses38

also needs to be further investigated.
This study has limitations. Firstly, the number of

patients is small, and they were only followed for two
years, requiring extrapolation of the effects over time.
Secondly, there was no control group. However, a
blinded, randomized controlled trial would not be
possible in these patients. These limitations mirror the
low number of TFAs due to nonvascular causes in Sweden
and the low number of patients currently treated with
bone-anchored prostheses. Moreover, an appropriate
control group should include only those patients with
severe difficulties with S-prostheses, to mirror those
eligible for OI treatment. To our knowledge, there are no
studies involving this particular group of amputees. In
fact, the OPRA study is the first controlled, prospective
study to report the outcomes for OI-prostheses and thus is
the best data currently available. Future cost-effectiveness
analyses could be based on longer-term data. Moreover,
cost-effectiveness analyses for bone-anchored prostheses,
based on data from other forms of treatment and in
different health care settings, would be welcomed.

This health economics study is the first to report cost-
effectiveness for patients treated with prostheses which
are anchored to bone. The results showed that OPRA
treatment in patients with TFAs treated in Sweden had an
ICER of €83 374 per QALY gained over a projected 20
year period. However, if patients treated with S-
prostheses had a decline in quality of life over time, the
cost per QALY gained by treatment with a OI-prosthesis
was considerably reduced. The clinical implication is that,
from a healthcare perspective, treatment with prostheses
which are anchored to bone after a TFA results in
improved quality of life at relatively high costs.

Take home message:
- In patients with a transfemoral amputation, the clinical

improvement seen with bone-anchored prostheses, compared with

socket-suspended prostheses, was reflected in a larger gain of QALYs but

at a relatively high cost.

- If patients treated with S-prostheses had a decline in quality of life over
time, the cost per QALY gained by treatment with a OI-prosthesis was con-
siderably reduced.

Supplementary material
Table showing model parameters is available
alongside the online version of this article at

www.bjj.boneandjoint.org.uk
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