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Background: Hand vascularized composite allotransplantation 

(VCA) and myoelectric prostheses have proven their efficacy for 

treating hand amputation. Despite reported functional outcomes, 

the lack of consensus on VCA versus myoelectric prostheses 

brought us to report on their utilities and costs within the Cana- 

dian healthcare system. 

Methods: A review of utility outcomes and costs was performed for 

VCA and myoelectric prostheses and a comparison between unilat- 

eral versus bilateral amputations was made. 

Results: The simulation model demonstrated that significant sav- 

ings could be achieved with both hand transplantation ($10.04 bil- 

lion) and myoelectric prostheses ($12.17 billion) in all Canadian pa- 

tients sustaining hand amputation with a 30-year life expectancy., 

Myoelectric prosthesis had lowest total cost compared to hand VCA 

by generating savings of $4,458,445,840 and $1,868,121,840 when 

compared to bilateral and unilateral upper limb amputations re- 

spectively. 
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Conclusion: Treatment of unilateral amputations with myoelectric 

prostheses would cost significantly less to the society, whereas the 

gap in cost savings becomes less significant in bilateral amputees. 

From the socioeconomic standpoint of the Canadian healthcare sys- 

tem, this simulation model demonstrates that significant savings 

can be achieved with both treatments. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of 

British Association of Plastic, Reconstructive and Aesthetic 

Surgeons. 

This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

Amputations of the upper extremity can undoubtedly be considered as one of the most devastating

njuries one can suffer. Used for activities of daily living, the hand is an omnipresent and powerful

ool, as well as an extension of a person’s identity. The burden of living with an amputated hand can

e reflected in several dimensions, such as function, psychological well-being, quality of life, cosmesis,

ultural or spiritual associations, societal integration, and economic considerations. 

Surgical and technological advancements have nonetheless allowed for hope in expanding the ar-

amentarium of treatment options in the amputee population. Indeed, more than 180 vascularized

omposite allotransplantations (VCAs) of the hand have been performed worldwide in the past 20

ears, a surgical prowess that restores like-with-like physically and functionally. 1 However, compli-

ations due to lifelong immunosuppression is a major hurdle in acceptability of this experimental

urgery as a gold-standard treatment. 

Concurrently in the same timeframe as the advent of VCAs, engineers have refined pre-existing

rosthetics to become “myoelectric-based”, whereby surface electrodes attached on the patient’s intact

roximal muscles could send signals to the device to produce specific movements with several degrees

f liberty. Despite comparable functional outcomes with VCAs, myoelectric prostheses are plagued by

igh costs and high abandonment rates as well. 2 

Because of the low prevalence of these interventions and the lack of comparative studies, none can

laim superiority of one treatment over the other at this time. Considering that both interventions

equire considerable costs to develop and implement, and that healthcare resources are increasingly

imited, the debate between hand VCAs and myoelectric prostheses needs to include a discussion

bout health economics. 

In this article, a review of utility outcomes and costs is performed for both interventions, with the

bjective to determine if hand amputees would benefit more from VCAs or myoelectric prostheses

n a socioeconomic model with universal healthcare such as in Canada. A secondary objective is to

ompare unilateral versus bilateral amputees with respect to the cost-utility of both treatment groups.

ethods 

A review of the literature using the PRISMA guidelines was performed. Publication databases such

s Embase, PubMed and Medline were employed for selection of articles. Different keywords were

sed for the different outcomes to be reported: 

A) Prevalence of upper extremity amputations: “Prevalence”, “Incidence”, “Rate” or “Total number”

AND “Upper extremity amputation”, “Hand amputation” or “Arm amputation”. 

B) Costs of upper extremity amputations: “Costs”, “Financial loss” or “Economics” AND “Upper ex-

tremity amputation”, “Hand amputation” or “Arm amputation”. 

C) Utilities of both interventions: “Utility”, “Utilities”, “QALY”, “Quality-adjusted life years”, “Cost-

utility”, “Time trade-off” or “Standard gamble” AND “Hand transplantation”, “Upper extremity
151 
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transplantation”, “Hand vascular composite allotransplantation”, “Upper extremity vascular com-

posite allotransplantation”, “Myoelectric prosthesis” or “Externally-powered prosthesis”. 

) Costs of both interventions: “Costs”, “Economics” or “Financial” AND “Hand transplantation”, “Up-

per extremity transplantation”, “Hand vascular composite allotransplantation”, “Upper extremity

vascular composite allotransplantation”, “Myoelectric prosthesis” or “Externally-powered prosthe-

sis”. 

Reference lists of each article were reviewed for relevance. Publications written in a language other

han English were excluded. All articles pertaining to costs of either treatment within the Canadian

ealthcare system were reported separately. Finally, a simulation model was performed on the total

osts of implementation of hand transplantation and myoelectric prostheses as nationalized programs.

his simulation included potential gains from return to work and reported interventional costs mul-

iplied by the prevalence of cases in Canada. Financial data was obtained from the Canadian govern-

ental institution ( www.statcan.qc.ca ). 

esults 

revalence of upper extremity amputations 

Few epidemiological studies quantify the problem, making it difficult to estimate the worldwide

revalence of individuals living with upper extremity amputations that are proximal to the wrist.

onetheless, previous studies have postulated that there are more than 11.3 million unilateral am-

utees and 11.0 million bilateral amputees worldwide. 3 However, these numbers reflect only traumatic

auses of amputation and emanate from databases of high-income countries solely. 

In Canada, no studies or governmental data were published specifically for hand amputees, but it

s known that over 227,0 0 0 patients had suffered either a lower or upper extremity amputation as of

013. 4 By extrapolation from previous studies demonstrating that only 3% of limb amputees involve

he upper extremity, 5 a ballpark number of patients would be around 6800 Canadians amputated

roximal to the wrist. 

ersonal and societal costs of upper extremity amputations 

Aside from functional and psychological consequences of living with a missing limb, upper extrem-

ty amputations provoke multifaceted repercussions from the economical and societal standpoints. In

 pediatric population with major upper extremity amputations, the average length of hospital stay

as 11.3 days, with a mean of 2.3 surgeries and hospitalization costs of $22,015 in 1996. 6 Knowing

hat healthcare spending has grown by an average of 6% per year from 1993 to 2013, 7 estimated hos-

ital charges after an upper limb amputation could be around $59,281 in 2013. 

A more recent study in 2018 found similar results, with mean hospital charges of $28,961 and a

ombined total cost of $166 million in the period from 1997 to 2012. 8 These numbers are probably

ndervalued because the authors included finger amputations with proximal upper extremity ampu-

ations, which are significantly different in terms of costs to the healthcare system. 

Furthermore, neither of these studies take into consideration any rehabilitative treatments such as

rostheses and long-term care. Indeed, Blough et al. estimated that veterans with upper extremity

mputation spend between $31,890 and $117,440 on average on prosthetics-related expenses over 5

ears, depending on injury severity. 9 Another study has postulated that direct healthcare costs over a

ifetime can exceed $50 0,0 0 0 for an amputee. 10 

Another important consideration is the loss of revenue and the economic burden of social pension

lans directed at upper extremity amputees. To help these patients, the Canadian Pension Plan Dis-

bility Benefit program 

11 offers an average monthly amount of $971,23, or $349,642 for a 30-year life

xpectancy. 

Considering that limb loss to the upper extremity occurs at an average age of 42 years, 12 an am-

utee in Canada will live almost half of his remaining life in this state (Canadian life expectancy

t birth is 81.1 years, Statistics Canada 2017 13 ). They will also be unable to contribute to the work-

orce for more than 22.5 years (average age at retirement in Canada is 64.5 years, Statistics Canada in
152 
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020 14 ) at a median yearly after-tax income of $62,900 (Statistics Canada in 2019 15 ). This represents a

oss of income production and taxes to the order of $1415,250 per amputee per lifetime if they don’t

eturn to work. Multiplied by an estimated 6800 individuals currently living with this disability in

anada, the total loss of revenue would be $9.6 billion per combined lifetimes. 

tility studies in hand allotransplantation 

Chung et al. was one of the first groups to publish data on the economic analysis of hand trans-

lantation in 2010. 16 They performed a cost-utility assessment with the “time trade-off” (TTO) tech-

ique on one hundred medical students. The authors reported that prosthetic use generated better

ost-utility over unilateral hand VCA, but that bilateral hand transplants were favored over prosthet-

cs. However, the “incremental cost-utility ratio ” (ICUR) of double hand allotransplantation was $318

61/QALY, which exceeded the traditionally accepted threshold of $50,0 0 0/QALY 

17 (see Table 1 ). 

Another study investigating the utility analysis of hand transplantation was described by Alolabi

t al. in 2015. 18 The authors conducted QALY measurements in 30 participants from the general pop-

lation and 12 amputees using the standard gamble (SG) and (TTO) techniques. They reported that

he mean health utility of a hand amputation was 0.72 (SG) and 0.80 (TTO) for the general popula-

ion as opposed to 0.69 (TTO) and 0.70 (SG) for amputees. In comparison, hand allotransplantation

nly slightly increased the utility in the general population to 0.74 (SG) and 0.82 (TTO), whereas it in-

reased, albeit not significantly, in hand amputees to 0.83 (SG) and 0.86 (TTO). When translated into

ALYs, patients with hand amputations reported increases of 7.0 (TTO) and 7.8 (SG) QALYs, as opposed

o the general population with only a gain of 0.9 QALYs (See Table 1 ). However, the authors also re-

orted that a decrease in life expectancy imparted a loss of 1.7 QALYs to the participants. Therefore,

hey concluded that there is no clear benefit to advocate for hand transplantation based on those

esults. 

revious studies on actual costs of hand allotransplantation 

Other studies have attempted to report actual costs of hand VCA. In a study by Brügger et al.

rom Switzerland, an economic cost-model of hand VCAs was performed. 19 The study found that, for

 model patient of 30 years old, with a unilateral forearm amputation, undergoing hand allotrans-

lantation at 35 years old, with a remaining life expectancy of 46.1 years, the lifetime cost would be

1224,459. In comparison, the authors found that the lifetime cost for the same patient treated with

 conventional prosthesis would be $792,084, a difference of $432,374. 

In the same study described earlier from Chung et al., the authors stipulate that the actual surgical

ost for a unilateral and bilateral hand transplantation would be $18,351 and $19,432 CAD, which

ncludes preoperative evaluation, hospitalization, and physician fees. 20 These values were estimated

rom CPT codes of forearm replantation but failed to account for several variables. The majority of

emaining costs actually originates from lifetime immunosuppressive drugs and clinic visits, estimated

t $576,405. 

osts of performing hand vca in canada 

When major decisions affecting the health of Canadians are made, the Canadian Agency for Drugs

nd Technologies in Health (CADTH) requires that investigators provide a solid foundation of evidence-

ased medicine on the topic. One model proposed to conduct these endeavours is a Health Technology

ssessment (HTA)” . 21 

Prior to performing this technique for the first time in Canada, the provincial advisor on the qual-

ty of health care in Ontario ( Health Quality Ontario ) completed a health technology assessment. 4 In

heir results, they report that, for a healthy adult with a 30-year lifespan, a unilateral hand allotrans-

lantation would cost $735,647 as opposed to $747,837 for bilateral transplantation, both significantly

ore expensive than the standard of care (defined as no transplantation) calculated at $61,429 and

114,057 for unilateral and bilateral hand amputation respectively. When analysing quality-adjusted
153 
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Table 1 

– Comparison of cost utility studies for upper extremity VCA. 

Study Study Groups Transplantation health 

outcomes (QALY)/ (Health 

utility SG, TTO) 

Standard of care health 

outcomes (QALY)/ (Health 

utility SG, TTO) 

Transplantation 

Costs ($) 

Standard of 

care costs: 

prosthetic ($) 

Incremental 

cost-effectiveness ratio 

(ICER) in $ 

Health Quality 

Ontario, 2016 

Unilateral amputation 10.96 11.82 735 647 61 429 Dominated 

Bilateral amputation 10.10 9.93 747 837 114 057 3 765 037 

Alolabi et al., 

2015 

Hand Amputees 43.5/0.83(SG) 

41.8/0.86(TTO) 

35.7/0.70(SG) 

34.9/0.69(TTO) 

N/A N/A N/A 

General population 41.6/0.74 (SG) 

35.7/0.82 (TTO) 

40.7/0.72 (SG) 

36.6/0.80 (TTO) 

N/A N/A N/A 

Brügger et al., 

2010 

Unilateral amputation N/A N/A 1 224 459 

( Lifetime cost ) 

792 084 

( Lifetime cost ) 

N/A 

Chung et al., 

2010 

Unilateral amputation 28.81 30 528 293 20 653 Dominated 

Bilateral amputation 26.73 25.2 529 315 41 305 318 961 

1
5

4
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(

ife-years, single-hand transplants failed to supplant standard of care (10.96 versus 11.82), whereas

ouble-hand transplants increased effectiveness by 0.17 QALYs only (10.10 versus 9.93). 

The authors also calculated the “incremental cost-effectiveness ratio” (ICER), which conveys how

uch money it would cost to gain 1 QALY from that procedure. The value was estimated to be $3.8

illion per QALY, which far exceeds the accepted threshold of $66,516 per additional QALY reported

n the scientific literature on kidney transplants. 22 The Health Quality Ontario group further postulated

hat a hand transplantation program would require a budget of $0.9–1.2 million over 3 years to treat 3

atients per year. They concluded that due to the low quality of evidence with respect to the benefits

f upper extremity VCAs, both unilateral and bilateral hand allotransplantation were not cost-effective

n comparison with standard of care. 

Several limitations of this study on hand transplantation HTA need to be underlined. First, the cal-

ulations of QALYs on which the incremental cost-utility ratios are calculated are derived from the

tudy by Chung et al. in 2010. 23 Considering the absence of other comparative QALY measures on

and transplant recipients and the lack of calculation of QALYs on the population represented by

ealth Quality Ontario, the conclusions emanating from this study suffer from low evidence. Sec-

nd, the comparative group labeled as standard of care refers to patients not receiving any sort of

reatment. One could argue that the current standard of care is in fact myoelectric prosthetics. The

ost-utility assessment could be different if only patients with prosthetics were included in the anal-

sis. Third, several costs were ignored or underestimated, such as the cost of rehabilitation after 2

ears, the number of personnel involved in preoperative, perioperative, and postoperative care and

he management of more than two major complications or any minor complication in the early and

ate post-transplantation phase. 

tility studies with myoelectric prostheses 

Few studies reported on the utility outcome measures, the quality-adjusted life years and the cost-

tility analyses specifically associated with myoelectric prostheses. 

One study looking at utilities in myoelectric prosthetics was published as a conference abstract by

altzer et al. in 2018, 24 whereby a Markov decision analytic model was used to determine the cost-

tility of VCA, myoelectric prostheses, and body-powered prostheses for transradial amputations. The

uthors found body-powered prosthetics to be the most cost-effective option, which increased QALYs

y 14.45 at a cost of $281,795 over a lifetime (ICUR of $19,501/QALY, corresponding to the acceptability

hreshold of less than $50,0 0 0/QALY). In comparison, myoelectric prostheses, and upper extremity

CA produced ICURs of $75,895/QALY and $780,061/QALY, respectively. However, when myoelectric

evices cost less than $31,0 0 0, they became the preferred strategy of treatment. Although interesting,

hese results cannot be critically appraised due to the lack of methodological details provided in the

onference abstract. 

Our group was the first to publish utility health outcomes and QALYs associated with myoelectric

rostheses in unilateral and bilateral amputees. 25 Patients with a bilateral amputation reported utility

utcomes of 0.71 (TTO) and 0.68 (SG) in the scenario of receiving a myoelectric prosthesis with no

omplications, and 0.52 (TTO) and 0.50 (SG) with complications. On the other hand, patients with a

nilateral amputation demonstrated an increase in utility measures for the scenario with no complica-

ions (0.84 TTO and 0.81 SG) but a decrease when there were associated complications (0.45 TTO and

.42 SG). When calculated as QALYs, patients with unilateral amputations and those who had sus-

ained a replantation procedure reported significantly higher QALYs for myoelectric prostheses than

and VCA ( + 6.4, p = 0.0015 and + 8.4, p = 0.0001 respectively). 

revious studies on actual costs of myoelectric prostheses 

The literature review on actual costs of myoelectric prostheses is difficult to interpret because of

he large variety of devices available on the market, the different techniques based on the level of

mputation, and the need for associated surgical procedures such as “targeted muscle reinnervation ”

TMR). 
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Costs of commercially available myoelectric devices encompass a wide range, with one study sug-

esting that it can vary between $20,0 0 0 to $10 0,0 0 0. 26 In a whitepaper published at the Bioengi-

eering Institute Center for Neuroprosthetics , the authors report that the typical cost varies by level of

mputation, with cosmetically realistic hands at $20,0 0 0-$30,0 0 0 versus full-arm neuroprosthetics at

10 0,0 0 0. 26 

Another study by Resnik et al. also reports similar ranges of pricing based on the New York region

enters for Medicare and Medicaid Services . 27 Transradial and transhumeral externally powered devices

ost $25,0 0 0-$50,0 0 0 and $50,0 0 0-$75,0 0 0, respectively. This corresponds to a five-fold increase in

osts when compared with body powered prosthetics in the same study. 

Similarly, the Department of Veterans Affairs in the United States reports that a myoelectric device

ould cost a mean of $18,703 for partial hands, $20,329 for transradial, $59,664 for transhumeral,

61,655 for shoulder and $62,271 for forequarter disarticulation. 28 Additionally, the same group

emonstrated with a Markov model that the 5-year projected cost for a unilateral amputee would

e $31,129 to $117,440, whereas multiple limbs would increase the cost to $130,890 to $453,696. Over

 lifetime model, the mean cost was calculated at $823,239. 

osts of implementing myoelectric prostheses in canada 

Only one study has been published in Canada with respect to costs of owning an upper extremity

yoelectric prosthesis. 29 In their work, Chan et al. retrospectively reviewed 28 amputees who had

eceived prosthetics, either body-powered or myoelectric. Over a five-year period, the total cumulative

ost to the healthcare system was $65,520 per patient. The most substantial portion of these costs

ccurred during the first year which includes the cost of the device, the fitting, and the intensive

ehabilitation. The average annual cost was significantly higher, as expected, in myoelectric prostheses

hen compared to body-powered. 

They report a mean number of prosthetics repair of 1.64 per year, which is more significant in

ransradial amputees (1.96/year) than transhumeral amputees (1.26/year) . 29 There was no signifi-

ant difference in number of repairs between body-powered and myoelectric prostheses, except for

ransradial devices whereby myoelectric technology required twice as many repairs (1.39/year versus

.78/year). Aside from repairs, an upper limb amputee needs to make device adjustments every two

ears (0.49/year average). 

Rates of abandonment also need to be considered in the total cost calculation. Out of 20 patients

ho had a follow-up of more than 3 years, 12 have not been using their initial prosthesis, includ-

ng 8 body-powered and 4 myoelectric. The authors considered that the costs of these abandoned

rostheses that could have been saved amounted to $305,922. 

ains from potential return to work 

When analysing the cost-benefit of these interventions, the potential gains obtained from return

o work need to be included in the analysis. This information is sparse in the literature for hand

CAs and myoelectric prostheses. Only one report demonstrated return to work in 8 out of 12 (66%)

ransplant recipients. 30 As for myoelectric prostheses, studies report rates of return to work at 80%. 31 

If we assume that 66% of hand transplant recipients would return to work, the total savings in

erms of loss of income and disability pension plans for 6800 upper limb amputees in Canada would

e $10.04 billion for a 30-year lifespan ( Fig. 1 ). In comparison, with the assumption of an 80% rate of

eturn to work, myoelectric prostheses would save $12.17 billion for the same 30-year lifespan in the

ame population. 

ost comparisons between hand vca and myoelectric prostheses 

Using the data reviewed in this article, Fig. 2 and Fig. 3 demonstrate simulation models of how

uch it would cost for the Canadian healthcare to treat all patients with either intervention and sub-

racting how much would be saved from return to work in unilateral and bilateral amputees. The
156 
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Fig. 1. Potential total cost savings in the Canadian population if upper limb amputees underwent VCA or myoelectric prostheses 

over a 30-year lifespan. 

Fig. 2. Total costs of implementing VCAs or myoelectric prostheses in all Canadian patients with unilateral upper limb ampu- 

tations subtracted from expected savings from return to work over a 30-year lifespan. 

Fig. 3. Total costs of implementing VCAs or myoelectric prostheses in all Canadian patients with bilateral upper limb amputa- 

tions subtracted from expected savings from return to work over a 30-year lifespan. 

t  

t  

t  

(  

T  

e  

o  

b

otal number of Canadian amputees who would benefit from either intervention ( n = 6800) is ob-

ained from the calculation that 3% of all limb amputations are upper limbs and that there are an es-

imated 227,0 0 0 amputees in Canada. 4 The total lifetime cost of a unilateral ($735,647) and a bilateral

$747,837) upper extremity VCA was obtained from the study published by Health Quality Ontario . 4

he total lifetime cost of a myoelectric prosthesis was calculated from the study published by Chan

t al., approximating $65,520 for a 5-year lifespan. 29 This amount was multiplied by a factor of 6 in

rder to determine the cost over a lifespan of 30 years, and by an additional factor of 2 in the case of

ilateral myoelectric prostheses. 
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iscussion 

To date, this is the first study comparing lifetime costs of upper extremity VCA and myoelectric

rostheses. 

Several limitations of this simulation model need to be addressed. First of all, it is unrealistic to

uppose that all amputees would be candidates for VCA or myoelectric prostheses. Indeed, contra-

ndications for allotransplantation, and to a lesser extent for myoelectric prosthetics, are very strin-

ent, such as a lack of cognitive capacity in understanding the risks and benefits, a demonstration

f lack of compliance with subsequent rehabilitation, any un-addressed psychological disorders that

ould impair long-term success, active infection/malignancy, congenital limb absence, and more. 32 Al-

hough savings in the order of billions of dollars can be accomplished if all patients were treated with

ne of these interventions, even a smaller percentage of eligible candidates would produce significant

enefits. For example, if as little as 5% of all 6800 Canadian amputees were actual candidates, the

xpected benefits would be $250 million for hand VCA and $474 million for myoelectric prostheses. 

Second of all, extrapolation of lifetime costs from the aforementioned studies 4 is probably an

nder-estimation of the real costs. For allotransplantation, the values used come from analytic mod-

ls that did not include all associated costs related to long-term complications of immunosuppression,

ecause the rates of these complications are still unknown. For myoelectric prostheses, the study used

o make the calculations only considered the cost of the device and its maintenance but failed to in-

lude costs of rehabilitation and costs of potential complications. 

Third of all, although rates of return to work have been described in the literature, none of these

tudies report if patients actually return to their pre-amputation work or if they require career re-

rientations. The expected lifetime savings from return to work are based on average income of all

anadians, which is not necessarily the same as the expected outcomes that these patients would

ain if they returned to lower-pay salaries. 

Finally, the total cost savings from return to work are calculated over a lifetime of 30 years. Even

hough most patients suffering an amputation are in their working years (average age 42 years 33 ),

 significant portion would not be capable to return to the workforce because of retirement age,

herefore nullifying the potential monetary gains of undergoing an allotransplantation or a myoelectric

rosthesis. 

onclusion 

Although no economical model can be perfect, this article presented a review of all studies per-

aining to the measurement of utility outcomes, QALYs and cost-utility analyses of upper extremity

llotransplantation and myoelectric prostheses. Based on the currently available data, no consensus

an be made to affirm that one procedure is superior to the other and should therefore be considered

he “gold-standard”. However, most utility studies demonstrate that unilateral amputees have superior

utcomes with myoelectric prostheses. On the other hand, bilateral amputees continue to be adequate

andidates for both interventions. 

From the socioeconomic standpoint of the Canadian healthcare system, our simulation model

emonstrates that significant savings can be achieved with both treatments. Here again, treatment

f unilateral amputations with myoelectric prostheses would cost significantly less to the society,

hereas the gap in cost savings becomes less significant in bilateral amputees. In either case, im-

lementing these treatment programs will not be an inexpensive endeavor to accomplish. 
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