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Abstract 
Introduction. This initial cost-effectiveness evaluation compared the provision of transtibial bone-anchored 
prostheses (TTA-BAP) with socket-suspended prostheses (TTA-SSP) over a six-year time horizon from a 
governmental prosthetic care perspective. The purposes were to present ways we dealt with barriers encountered 
during the cost-effectiveness analysis. The objectives were to detail the extraction of baseline and incremental costs 
and utilities required to provide preliminary incremental cost effectiveness ratios (ICERs) per quality-adjusted life-
year (QALY). Materials and Methods. This retrospective case-series study involved six participants fitted 
consecutively with TTA-SSP and TTA-BAP. Total costs combined actual and typical costs extracted from financial 
records and a schedule of allowable expenses, respectively. Baseline utilities were extracted from the literature while 
incremental utilities were assumed. Results. ICERs ranged between -$25,065 and $41,929 per QALY. Indicative 
ICER was approximately $11,400 per QALY. Provision of TTA-BAP was cost-effective and cost-saving for 83% and 
33% of cases, respectively. Discussion. Educated choices were required to overcome unavailability of individual 
costs (e.g., creation of schedule of allowable expenses, blending of actual and typical costs) and utilities (e.g., 
extraction of baseline from literature, assumptions for incremental gain). Indicative ICER might lead to adoption of 
TTA-BAP, at least from an Australian governmental prosthetic care perspective. 
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ABBREVIATIONS 
BAP: Bone-anchored prosthesis 
CET: Cost-effectiveness threshold 
CPO: Certified Prosthetists and Orthotists 
ICER: Incremental cost-effectiveness ratio 
K: Medicare Functional Classification Level 
QALS: Queensland Artificial Limb Service 
QALY:  Quality-adjusted life-year 
SSP: Socket-suspended prosthesis  
TFA: Individuals with transfemoral amputation 
TTA: Individuals with transtibial amputation 
 
INTRODUCTION 
In principle, some critical risks to whole body and 
residuum health of individuals with lower limb 
amputation could be overcome when a socket-

suspended prosthesis (SSP) is replaced by an 
osseointegrated fixation surgically implanted in the 
residual bone enabling attachment of bone-anchored 
prosthesis (BAP).[1-4] Several studies confirmed that 
direct skeletal attachments are more likely to provide 
significant clinical benefits to individuals with 
transfemoral amputation (TFA), particularly for those 
unsuccessfully fitted with SSP (e.g., non-prosthetic 
users).[5-14] Incidence of most common adverse 
events such as loosening, periprosthetic fractures, 
mechanical failure of implant parts as well as 
occurrence of superficial and deep infections are 
deemed tolerable by clinical teams, although there are 
yet to be satisfactorily resolved.[8, 15-19]  
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Developments of transtibial bone-anchored 
prostheses 
Promising outcomes for TFAs have encouraged 
developments of direct skeletal attachment to treat 
individuals with transtibial amputation (TTA).[20-26] 
For instance, total knee replacement and insertion of 
press-fit osseointegrated implant were combined to 
enable the fitting of BAP for TTAs with short 
residuum.[22]  
To date, developments of fixations, surgical 
procedures, rehabilitation programs and prosthetic 
fitting guidelines are still in early experimental and 
clinical stages.[20-24, 26-28] Reporting of evidence of 
actual long-term efficacy and safety of the treatment for 
TTAs are still in the making.[21, 22]   
Nonetheless, the potential clinical benefits of TTA-
BAP, well echoed in social media, are leading to an 
increase of the demand from patients. Indeed, the State 
of Queensland, Australia, known for its hot and humid 
weather making SSP difficult to tolerate, has witnessed 
a noticeable influx of TTAs opting for this 
treatment.[25]  
 
Health economic evaluations  
This momentum is driving state government 
organizations like the Queensland Artificial Limb 
Service (QALS) to adjust their procedures to provide 
equitable financial assistance for TTAs choosing direct 
skeletal attachment. At the same time, decision makers 
in these organizations must develop reimbursement 
standards while being held accountable for a wise 
allocation of limited financial resources due to 
healthcare economic constraints.[29]  
Supporting provision of TTA-BAP might be eased by 
the prospect that TTA-BAP could reduce prosthetic and 
medical care financial burden by alleviating 
expenditure for socket manufacturing and treatments 
inherent to skin-socket interface.[30-32]  
However, the true economic benefits of TTA-BAP over 
TTA-SSP must be confirmed by health economic 
evaluations featuring cost-effectiveness analyses that 
report incremental cost-effectiveness ratio (ICER) per 
quality-adjusted life-year (QALY), comparing 
incremental costs and utilities over time for both types 
of attachments.[30, 33-40] 
 
Current understanding of health economic benefits  
  The design of such cost-effectiveness analyses 
could be informed by a series of studies focusing on 
procedure for an equitable delivery of TFA-BAP as 
well as cost-comparison and utility gained between 
TFA-BAP and TFA-SSP.[30, 35, 37, 41, 42]  
 In Frossard et al (2018), we considered a 
cohort of 16 TFAs fitted with press-fit osseointegrated 
fixation between 2011 and 2016.[42] Costs were 
compiled from financial records and list of typical 

allowable expenses. Utility information was extracted 
from literature. This rather basic initial cost-
effectiveness study compared the provision of TFA-
BAP and TFA-SSP over a six-year time horizon from 
an Australian governmental prosthetic care perspective. 
This study reported that the provision of TFA-BAP had 
an ICER of approximately $17,000 per QALY, while 
being cost-effective and cost-saving for 88% and 19% 
of the participants, respectively.  
Hansson et al (2018) observed a cohort of 51 TFAs 
fitted with screw-type osseointegrated fixation between 
1999 and 2007.[37] Estimated overall medical costs 
and changes in QALY were considered. Their 
comprehensive cost-effectiveness study of TFA-BAP 
compared to TFA-SSP  over a 20-year time horizon 
from Swedish healthcare perspective.[37] This study 
showed that healthcare for TFA-BAP had an ICER of 
€83,300 or $133,400 per QALY.  
In principle, the methods developed in these studies 
should be transferable to specific cost-effectiveness 
analyses of TTA-BAP from either governmental 
prosthetic care or national healthcare perspectives.[29, 
32, 40, 43-46] However, the cost-effectiveness of TTA-
BAP could be challenging to unravel depending on how 
much of the clinical pathways are funded by healthcare 
systems. Surgical, medical, rehabilitation and 
prosthetic care costs could be covered in part or in 
whole by patients themselves and other private or 
public organizations.  
 
Need for cost-effectiveness study from prosthetic 
care perspective  
Issues with aggregation of different kinds of costs 
recorded in separate financial systems might be 
circumvented by narrowing the perspective of the cost-
effectiveness comparing the provision of TTA-BAP 
and TTA-SSP.  
Conducting an analysis from a governmental prosthetic 
care perspective seems a timely and relevant starting 
point.[39, 40, 44, 45] In the short term, there is an 
immediate need for an initial cost-effectiveness study 
of this kind to establish the feasibility while describing 
the challenges that could be met and, eventually, 
presenting preliminary outcomes (e.g., cost, utility, 
ICER). Lessons learnt from this experience could 
educate the design of subsequent comprehensive cost-
effectiveness studies.[33, 40] In return, more advanced 
analyses should assist decision makers to assess if 
creating bespoke policies and procedures supporting 
provision of TTA-BAP has economics legitimacy.[29, 
32, 41]  
 
Objectives 
 The goal of this study aimed at improving the 
understanding of the economic benefits of BAP as a 
new treatment compared to SSP as a conventional 
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intervention for individuals with lower limb 
amputation.  
 The overall aim was to share our experience 
with the initial attempt to produce a retrospective cost-
effectiveness analysis of TTA-BAP compared to TTA-
SSP from a publicly founded Australian State 
prosthetic care provider perspective.  
 More practically, this first purpose of this 
study was to present barriers we encountered during the 
course of cost-effectiveness analysis. The second 
purpose was to share ways we dealt with these barriers 
when extracting the baseline and incremental costs and 
utilities required to provide preliminary ICERs.  
 The specific objectives were:  
A. To present the difficulties to determine costs for 
BAP and SSP that we solved by combining actual and 
typical costs extracted from financial records and a 
schedule of allowable expenses purposely built 
according to best-practice (e.g., costs of labour and 
parts), respectively, 
B. To share the hurdles met when determining 
utilities that we overcame by extracting generic 
baseline utility from the literature and making 
assumptions on possible incremental utilities for a 
series of scenarios (e.g., best-case, worse-case and 
base-case scenarios),   
C. To introduce a range of preliminary and 
indicative ICERs per QALY for provision of TTA-
BAP compared to TTA-SSP that were discussed in the 
light of conservative cost-effectiveness threshold 
(CET).[40]   
Key methodological information and overall results 
will be presented here. Subsequent Data In Brief will 
detail characteristics of previous studies focusing on 
the health economics of BAP; individual demographics 
and amputation information for all cases; 
characteristics of references used to extract generic 
baseline utility; progression of ICER for TTA-BAP in 
relation to percentage of QALY gains by TFA; 
individual percentage of prediction in total cost; 
individual ICERs obtained for each scenario, barriers 
and solutions found in each step of the calculation of 
cost-effectiveness analysis.   
 
MATERIALS AND METHODS  
Study design  
 This retrospective case-series study attempted 
to conduct cost-effectiveness analysis of TTA-BAP 
following the methods we applied in Frossard et al 
(2018) as illustrated in Figure 1.[42] This cost-
effectiveness analysis was also performed over a six-
year time horizon that included three consecutive two-
year funding cycles corresponding to manufacturer’s 
time of warranty or the expected lifespan for prosthetic 
feet before and after implantation of osseointegrated 
fixation giving a 12-year span.[38]  

 However, transferring methodology to TTAs 
raised particular issues. This section detailed ways we 
overcame some hurdles we encountered at each step of 
the cost-effectiveness calculations.  
  

Figure 1 
 
Participants 
 All registered consumers with unilateral TTA 
solely funded by QALS, who underwent treatment for 
BAP between June 2013 and Sept 2016, were included 
in this study.[25, 47] Ethical guidelines from the Health 
Innovation, Investment and Research Office (HIIRO) 
of Queensland Health were followed. 
 
Estimation of costs  
 All costs are reported in Australian dollars (1 
Australian dollar ≈ 0.63 euro ≈ 0.54 British pound ≈ 
0.71 US dollar) according to 2018-2019 prices.  
 First, actual total on-going prosthetic care 
costs were extracted from QALS’ electronic financial 
records collating claims submitted by accredited 
CPO’s, presented as Dataset 1 in Figure 1 claim 
corresponded to single item of expense for labour (e.g., 
fitting prosthesis) and parts (e.g., feet units). We 
attempted to extract individual costs for the provision 
of SSP and BAP for all participants retrospectively for 
an overall duration of six years before as well as after 
the treatment up until 1st Nov 2018, respectively.[33, 
34, 38]  
 Unfortunately, financial records covered only 
partially the time horizon in most cases. Expenses were 
missing when a participant became a QALS consumer 
less than six years before the surgery or when the 
surgery occurred less than six years before the end of 
the study.  
 We opted to complete missing actual yearly 
costs with typical costs for provision of SSP and 
BAP.[42] These typical costs were extracted from a 
schedule purposely created that was presented as 
Dataset 2 in Figure 1.[48] Table 1 aggregated allowable 
labor and parts expenses for the provision of SSP and 
BAP over six years that were extracted from QALS' 
formal “Schedule of Allowable Hours” and “Limb 
Build Average Estimates”, respectively. This list and 
timeline of allowable labor and parts expenses 
emanated from consensus reached by the group of 
clinicians advising QALS on best practice for 
prosthetic care with both types of attachments.  

The typical costs for provision of SSP were extracted 
for TTAs with body mass less than 100 kg classified as 
K2 and K3 fitted with a dynamic foot. The total typical 
cost for the provision of SSP was $31,500 for TTA-SSP 
with K2 and $34,500 for TTA-SSP with K3 over six-
year time horizon. Typical costs for provision of BAP 
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corresponded to the budget fitting option, including an 
energy storing and return prosthetic foot. TTA-BAP 
required  more advanced feet that can potentially 
provide required stance phase stability while avoiding 
excessive loading.[23, 24, 26] Biomechanical benefits 
of these types of feet might contribute to protect the 
fixation and reduce adverse events (e.g. periprosthetic 
factures, fixation mechanical failures, knee joint 
injuries).[20, 21] The total typical cost for the provision 
of BAP was $34,824 over six-year time horizon. The 
total cost was $3,324 and $324 more expensive for 
TTA-BAP compared to TTA-SSP with K2 and K3, 
respectively  

Missing actual yearly costs were supplanted by typical 
yearly costs based on the conservative assumption that 
participants will claim the full yearly allowance. The 
average yearly cost corresponded to the total cost 
divided by the time horizon.  The overall cost included 
total cost for TTA-SSP and TTA-BAP.  

 No total costs combining actual and typical 
costs were conservatively discounted since the main 
portion of the cost occurs in the first years, when a new 
foot was supplied.[34]   
 

Table 1 
 
Estimation of utility 
Health-related quality of life is a common outcome of 
choice when looking at the utility of a treatment. QALS 
can possibly assess consumer’s experience with its 
provision of prosthetic care using custom-designed 
survey.[25, 41] However, recording consumer’s quality 
of life is beyond the scope of QALS’ missions. In 
Frossard et al (2018), we overcame this limitation by 
mapping outcomes of 36-Item Short Form Survey 
provided in the literature into QALY to determine the 
baseline and incremental gain for the provision of SSP 
and BAP for a cohort of TFAs.[12-14] However, 
preliminary literature searches showed no report of 
health-related quality of life outcomes that could be 
converted into utility and QALY before and after the 
treatment for a cohort of TTAs.  
 Alternatively, we resolved to extract baseline 
utilities from the cost-effectiveness literature focusing 
on TTA that might be the most likely to be 
experienced by our group of participants fitted with 
SSP (Figure 1). Common databases previously 
identified were searched using MeSH health economic 
terms.[39, 49, 50] Searches focused on articles 
providing health states and utilities associated with 
foot or leg wounds and lower limb amputation. No 
exclusion criteria were applied for methods, locations 
or perspectives of the studies. Appraisal of the datasets 
extracted using standard guidelines was deemed 

beyond the scope of this study (e.g., Consolidated 
Health Economic Evaluation Reporting 
Standards).[40, 51] The generic baseline utility for 
TTA-SSP we considered for ICER calculation 
corresponded to the median QALY compiled from all 
utilities datasets. 
 Then, the next hurdle was to determine the 
utility for TTA-BAP. Anecdotal and preliminary 
evidence shared in the grey and peer-reviewed 
literature indicate that participants were likely to 
experience an increase of health-related quality of life 
when fitted with TTA-BAP. Consequently, we initiated 
to estimate the QALY gained by TTA-BAP based on 
the assumption that participants could benefit from a 
certain percentage of the QALY gained by TFA-BAP 
we reported in Frossard et al (2018).[42] We created a 
best-case, worse-case and base-case scenarios 
considering that TTA-BAP experienced 100%, 20% 
and 60% of the QALY gained by TFA-BAP as 
represented in Figure 1, respectively. The 20% gain for 
worse-case was determined retrospectively as it 
corresponded to the first round ICER below CET when 
considering the progression of ICER with percentage of 
QALY gained from TFA-BAP. Percentages for the 
best-case and base-case were logically determined 
based on the most plausible outcomes.  
 
Cost-utility 
 ICERs were calculated using the formula 
ICER=(Cost with BAP – Cost with SSP)/ (Utility with 
BAP – Utility with SSP) for best-case, worse-case and 
base-case scenarios over the time horizon (Figure 1). 
The oft-cited CET is $50,000 per QALY.[40] In this 
study, a conservative threshold of $40,000 per QALY 
was used as suggested by the Australian 
Pharmaceutical Benefits Advisory Committee.[52] We 
considered that BAP costing less than $20,000 per 
QALY, between $20,000 and $100,000 per QALY 
and more than $100,000 per QALY was most likely, 
likely and unlikely to lead to adoption from prosthetic 
care providers, respectively.[40] The indicative ICER 
and CET were plotted on a conventional cost-
effectiveness plane diagram.[40] 
 
Uncertainty 
 The aggregated costs and ICER data were 
described using basic mean and standard deviation, as 
well as minimums and maximums for sensibility 
analysis.  
 However, further characterization of the costs 
was needed since actual costs could be the most 
sensible variables of the ICER because of individual 
data extraction. A variable called “prediction” 
corresponding to relative actual cost over the total cost, 
expressed in percentage, was created to indicate the 
level of uncertainty of the cost information. A 
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prediction of 0% and 100% indicated that the total cost 
was fully extracted from schedule and financial 
records, respectively. We also reported the percentage 
of the individuals presenting a positive and negative 
incremental cost indicating that BAP was costlier and 
cost-saving, respectively. The percentage of 
individuals in each quadrant of the cost-effectiveness 
plot was also determined. The single indicative ICER 
retained for discussion corresponded to the average 
ICER for the base-case scenario. Finally, percentage of 
individuals presenting cost per QALY below the CET 
was extracted.  
 
RESULTS 
Population 
Three females and three males Queensland-based 
consumers with TTA were fitted with BAP during the 
eligible study period (age: 56±12 yrs, height: 1.77±0.14 
m, mass: 98±26 kg, BMI: 31±8 kg/m2, age at 
amputation: 43±16 yrs, age at stage 1 of the treatment: 
54±12 yrs). A total of four (67%) and two (33%) had 
an amputation due trauma and miscellaneous disease, 
respectively. A total of four (67%) and tow (33%) were 
classified as K2 and K3, respectively.  
 
Incremental costs 
Individual and grouped number of claims, prediction 
and costs used to determine incremental costs for 
provision of TTA-SSP and TTA-BAP were presented 
in Table 2.     

The actual costs for TTA-SSP were extracted from a 
total of 218 claims. The average prediction was 
43±40% ranging from none to 100%. The individual 
yearly and total costs for the provision of TTA-SSP 
ranged from $3,301 to $6,952 and $19,805 to $41,715 
with a sum of $177,829 for the cohort, respectively.  

The actual costs for TTA-BAP were extracted from a 
total of 127 claims. The average prediction was 
43±40% ranging from 41% to 74%. The individual 
yearly and total costs for provision of TTA-BAP ranged 
from $4,657 to $7,410 and $27,940 to $44,460 with a 
sum of $211,450 for the cohort, respectively.  

Individual differences of total costs between TTA-SSP 
and TTA-BAP ranged between -$12,263 and $20,514. 
Total cost was costlier for four (67%) of the participants 
with an average of $12,849±$5,450 [$8,739, $20,514] 
and prediction of 39±23% [21%, 71%]. Total cost was 
more cost-saving for two (33%) of the participants with 
an average of -$8,886±$4,776 [-$12,263, -$5,510] and 
prediction of 60±19% [46%, 73%]. 
 

Table 2 

Incremental utility 
Eight publications detailed in Table 3 were extracted 
from the literature. They compared health states 
associated foot or leg wounds (e.g., diabetic foot ulcer, 
diabetic peripheral neuropathy, open tibial fracture) 
and lower limb amputation (e.g., minor, major) for 
three populations (e.g., Swedish, American, Dutch) 
using a range of methods (e.g., EQ-5D, standard 
gamble, time trade-off, literature review) from various 
perspectives (e.g., patient, societal or national health 
system).[53-60] These studies included 14 relevant 
mean utility scores giving a median, average, standard 
deviation and range of 0.67, 0.64±0.17 [0.31, 0.96] per 
QALY. This median utility score considered for cost-
effectiveness analysis was converted into a baseline of 
4.02 QALYs for TTA-SSP for six-year time horizon.   

We assumed an increase of 0.82, 0.16 and 0.49 per 
QALY, giving a total of 4.84, 4.18 and 4.51 QALYs for 
TTA-BAP in the best-case, worse-case and base-case 
scenarios, respectively. 
   

Table 3 
 
Cost-utility  
The ICER based on fully predicted costs was $6,794 
and $662 per QALY for TTA-BAP compared to TTA-
SSP with K2 and K3, respectively. As plotted in Figure 
2, the mean ICER was $6,872±$14,937 [-$15,039, 
$25,157) per QALY, $34,360±$74,686 [-$75,196, 
$125,786] per QALY and $11,453 ±$24,895 [-$25,065, 
$41,929] per QALY for the best-case, worst-case and 
base-case scenario retained as indicative ICER, 
respectively. 

The four (67%) and two (33%) participants presenting 
a costlier and cost-saving difference generated an 
average ICER in base-case scenario of 
$26,261±$11,139 [$17,862, $41,929] per QALY as 
well as -$18,163±$9,761 [-$25,065, -$11,261] per 
QALY, respectively.   
The provision of BAP was lower than CET and 
considered cost-effective for all participants in the best-
case and base-case scenarios. ICER in worse-case 
scenario was above CET for five (83%) of participants 
with $47,988±$74,696 [-$75,196, $125,786] per 
QALY. 
 

Figure 2 

 
DISCUSSION 
Outcomes 
 First and foremost, this study provided 
insights into barriers to overcome when endeavouring 
a regular cost-effectiveness analysis of a new prosthetic 
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care intervention. This study confirmed that extracting 
individual actual costs from financial records over 12 
years was only partially achievable, as expected. We 
decided to complement the unknown costs with typical 
costs extracted from a schedule aggregating allowable 
expenses based on best-practice that was purposely 
created (Table 1). Furthermore, we suggested reporting 
the effect of grouping actual and typical costs on the 
uncertainty using individual prediction variable 
corresponding to the percentage of actual cost over the 
total cost. The average prediction for the overall costs 
was 46±22% with only 5% difference in prediction 
between both prostheses.  
 This study also highlighted the difficulties for 
a government organisation to determine individual 
utility using health-related quality of life data. We 
choose to extract a generic baseline utility when fitted 
with SSP before the surgery from the literature. 
Interestingly, the utility score extracted from multiple 
international studies showed a rather consistent utility 
score around 0.67 despite some discrepancies between 
conditions of health states, case-mix, population, 
methods to estimate utility scores and perspectives. 
Furthermore, we resolved to guesstimate generic 
increase of utility when fitted with BAP after the 
surgery. One can argue that we made a reasonable 
assumption when considering possible gain of utility in 
base-case scenario (i.e., 60% of the QALY gained by 
TFA-BAP). However, validation of these choices is yet 
to be established.   
 Nonetheless, this study presented initial cost-
effectiveness information about the provision of TTA-
BAP. Results indicated that the provision of TTA-BAP 
was on average $5,604±$12,180 or 12±35% costlier 
than TTA-SSP but cost-effective and cost-saving for 
83% and 33% of the participants with indicative ICER 
of approximately $11,453 per QALY, respectively.  
 
Limitations 
Some shortcomings, summarized in Table 4, were 
typical of a cost-effectiveness case-series study. By 
definition, an early cost-effectiveness study of new 
treatment can only recruit participants from a small 
pool. This study involved a narrow case-mix and 
convenient sample size that was small but representing 
approximately 43% of existing population estimated at 
14 in Australia. We also purposely choose a series of 
unfavourable biases (i.e., CET, no discount).  

The validity of the study and, therefore, the strength of 
evidence presented here might be more specifically 
curtailed by the educated decisions, detailed above, we 
made to get around the unavailability of individual 
costs (e.g., creation of QALS-specific schedule of 
allowable expenses, blending of actual and typical 
costs, full yearly allowance of typical costs) and 

utilities (e.g., extraction of baseline from literature, 
assumptions for incremental gain) data when fitted with 
SSP and BAP.  

 The scope of this preliminary study was 
purposely limited to the estimation of cost-
effectiveness involving prosthetic care only. Such 
study has a place in the scheme of things but provide a 
limited understanding of overall economic benefits. 
The prosthetic costs occurring during the first six years 
of the treatment represents a fraction of the whole 
healthcare costs taking also into consideration surgical 
and medical costs.[29, 37, 43-46, 61] 
 

Table 4 
 
 
Interpretations 
 The proposed indicative ICER of $11,453 per 
QALY was circa $5,000 per QALY less than the 
indicative ICER of $16,632 per QALY we reported for 
provision of TFA-BAP in Frossard et al (2018).[42] 
This difference might be deemed smaller than 
expected. This might be because the cost of advanced 
and costly feet fitted to TTAs every two years was 
partially balanced by the cost of budget 
microprocessor-controlled knees provided to TFAs 
every three years.   
 Nonetheless, TTA-BAP was more costly and 
more effective (Quadrant 1) for four (67%) cases, 
while the other two (33%) was less costly and more 
effective (Figure 2). In all cases, TTA-BAP can be 
described as cost-effective for most cases (83%) 
considering the given CET.  
 Altogether, provision of BAP could 
potentially increase quality of life of individuals TTA 
while consuming acceptable additional financial 
resources. BAP might be considered as an alternative 
fitting option for TTAs, at least from a prosthetic care 
perspective. One could consider that an indicative 
ICER below $20,000 per QALY might make the 
treatment most likely to be adopted, particularly by 
Australian governmental prosthetic care providers. 
However, more cost-effectiveness information from 
healthcare perspective considering surgical, medical 
and prosthetic care costs are needed to establish if the 
treatment could be adopted more widely by broader 
range of healthcare providers.[29, 36, 43-46, 62]    
 
Generalisability  
 The generalization of outcomes from this 
case-series study must be considered carefully, giving 
its typical intrinsic (e.g., small convenient sample size, 
narrow case-mix) and specific (e.g., costs extraction, 
utility estimation) limitations detailed in Table 4. 
Furthermore, the scalability of the proposed cost-
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effectiveness analysis remains to be confirmed, 
including its capacity to integrate disparities in 
standards for provision of TTA-BAP between 
jurisdictions.[10, 34, 62, 63] 

 

Future studies 
 The lessons learnt here could possibly educate 
the design of subsequent cost-effectiveness studies 
focusing on TTA-BAP, particularly those investigating 
the effects of case-mix (e.g., disvascular, primary 
fitting), surgical procedures (e.g., BAP fitted after 
surgical implantation of fixation with or without total 
knee replacement) and fitting of ever more performing 
prosthetic feet with various anthropomorphycity.[23, 
24, 26, 43]  
 In all cases, broadening the cost-effectiveness 
perspective will be informative.  A comprehensive 
cost-effectiveness analysis from a healthcare 
perspective focusing on larger cohorts over an extended 
period of time could be designed to systematic 
aggregate utility as well as on-going surgical, medical 
and prosthetic care costs. This might be challenging if 
these separate costs are recorded in siloed healthcare 
financial systems. Perhaps more critical would be the 
recruitment for a sufficient a number of individuals 
treated regionally to warrant statistical power required 
to produce stratified analyses.[34] Nonetheless, such 
analyses will be particularly insightful to reveal the 
costs of infections (e.g., prescription of antibiotics) and 
subsequent surgical revisions (e.g., re-fashioning of 
residuum, transfemoral re-amputation, re-implantation 
of transfemoral osseointegrated implant).[20-22] Other 
studies from societal perspective could focus on 
productivity (e.g., return to work, reduction in 
absenteeism).[32] Studies from specific patient 
perspective could consider personal and family out-of-
pocket costs, particularly for those opting for private 
care.[46] Considering personal financial records might 
be worth considering when conducting patient’s 
journey studies. 
    
CONCLUSIONS 
This study was an initial effort toward the design of an 
evidence-based governmental financial assistance 
program for an equitable provision of bone-anchored 
prosthesis using transtibial osseointegrated fixation. 
This work highlighted possible challenges that could be 
faced alongside ways to deal with them when designing 
cost-effectiveness analyses of prosthetic care for this 
emerging treatment. This preliminary economic 
evaluation suggested that provision of transtibial bone-
anchored prosthesis might be cost-effective compared 
to conventional socket prostheses, at least from 
governmental prosthetic care perspective. However, 
more cost-effectiveness analyses aggregating surgical, 

medical and prosthetic care costs will be required for a 
more comprehensive understanding of overall health 
economic benefits of the treatment and its likelihood of 
adoption from a broader range of healthcare providers.    
Altogether, the experience reported here is a 
steppingstone providing an approach for the 
development of economic evaluations to stakeholders 
responsible for policies supporting access to bone-
anchored prostheses for individuals with lower limb 
loss worldwide. 
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Table 1: Schedule of typical allowable costs over six-year time horizon with yearly breakdown of costs allocated 
for provision of Socket-Suspended Prosthesis (SSP) for K2 and K3 function level as well as Bone-Anchored 
Prosthesis (BAP) with budget fitting option. The number of units for all labour-related expenses corresponded 
to number of hours spent by a prosthetist at the fixed hourly rate of $160. 
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Table 2: Individual and grouped mean and standard deviation (SD) of number of claims, prediction as well as 
yearly and total costs used to determine incremental costs for provision of socket-suspended prosthesis (SSP) 
and bone-anchored prosthesis (BAP).   
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Table 3: Overview of the 14 utility scores providing a generic baseline utility of 0.67 per QALY extracted from 
eight publications comparing health states associated foot or leg wounds and lower limb amputation for three 
populations using a range of methods from various perspectives.[53-60] 
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Table 4: Characterisation of limitations and barriers to generalisation (QALS: Queensland Artificial Limb 
Service, TTA: Individuals with transtibial amputation, TFA: Individuals with transfemoral amputation, BAP: 
Bone-anchored prosthesis, SSP: socket-suspended prosthesis) 
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Figure 1. Overview of data flow for collection, extraction and analysis of cost (Datasets), utility (Scenarios) and 
cost-utility data from a prosthetic care perspective (TTA: Transtibial amputation, TFA: Transfemoral 
amputation, SSP: Socket-suspended prosthesis, BAP: Bone-anchored prosthesis, QALY: Quality-adjusted life-
year, ICER: Incremental cost-effectiveness ratio, CET: Cost-effectiveness threshold).[53-60]   
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Figure 2. Overview of cost-effectiveness analysis using indicative ICER of $11,453 per QALY and cost-
effectiveness threshold (CET) of $40,000 per QALY with quadrant for bone-anchored prosthesis more costly 
and more effective (1), more costly and less effective (2),  less costly and less effective (3), less costly and more 
effective (4) than socket-suspended prosthesis. 

 

 

 
 


