
ECONOMIC EVALUATIONS OF INTERVENTIONS FOR 
TRANSTIBIAL AMPUTEES:
A SCOPING REVIEW OF COMPARATIVE STUDIES

M. Jason Highsmith1,2,3, Jason T. Kahle4,5, Amanda Lewandowski6, Tyler D. Klenow7, John 
J. Orriola8, Rebecca M. Miro1, Owen T. Hill9, Sylvia Ursula Raschke10, Michael S. 
Orendurff11, James T. Highsmith12,13, and Bryce S. Sutton14

1School of Physical Therapy & Rehabilitation Sciences, University of South Florida, Tampa, FL, 
USA

2Extremity Trauma & Amputation Center of Excellence (EACE), U.S. Department of Veterans 
Affairs, Tampa, FL, USA

3319th Minimal Care Detachment, U.S. Army Reserves, Pinellas Park, FL, USA

4OP Solutions, Tampa, FL, USA

5Prosthetic Design + Research, Tampa, FL, USA

6Select Physical Therapy, Brandon, FL, USA

7Prosthetics and Sensory Aids Service, James A. Haley Veterans’ Hospital, Tampa, FL, USA

8Shimberg Health Sciences Library, University of South Florida, Tampa, FL, USA

9Extremity Trauma & Amputation Center of Excellence (EACE), San Antonio Medical Center, Fort 
Sam Houston, TX, USA

10Center for Rehabilitation Engineering and Technology that Enables (CREATE), BCIT 
Technology Centre, Burnaby, Canada

11Motion & Sports Performance Laboratory, Lucile Packard Children’s Hospital Stanford, Palo 
Alto, CA, USA

12Dermatology Service, James A. Haley Veterans’ Hospital, Tampa, FL, USA

13Dermatology Surgery Institute, Lutz, FL, USA

14Center of Innovation on Disability and Rehabilitation Research (CINDRR-TPA), James A. Haley 
Veterans’ Hospital, Tampa, FL, USA

Abstract

Transtibial amputation (TTA) is life-altering emotionally, functionally, and economically. The 

economic impact to all stakeholders is largely unknown, as is the cost-effectiveness of prosthetic 

intervention. This scoping report’s purpose was to determine if there is sufficient evidence to 
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conduct a formal systematic review or meta-analysis in any particular prosthetic intervention area 

and to determine if any evidence statements could be synthesized relative to economic evaluation 

of interventions provided to patients with TTA. The scoping review revealed six articles 

representing three topical areas of transtibial care: Care Models, Prosthetic Treatment, and 

Prosthetic Sockets. All six articles were cost-identification or cost-consequence design and 

included a total of 704 subjects. Presently, it can be concluded with moderate confidence that 

specific weight-bearing and total-contact sockets for transtibial amputees are functionally and 

economically equivalent in the short term when costs, delivery time, and all stakeholder 

perspectives are considered. Long-term socket outcomes are relatively unexplored. Further 

primary research is needed beyond this to determine cost-effectiveness for other areas of 

transtibial prosthetic care although clinical outcomes are somewhat established through systematic 

review and meta-analysis in other areas of care. Conversely, evaluation of narrative economic 

reports relative to transtibial care may be sufficient to warrant further analysis. Guidance from the 

profession may also be useful in devising a strategy for how to assure economic analyses are a 

routine element of future prosthetic science.
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INTRODUCTION

Persons with transtibial amputation (TTA) commonly use prostheses to ambulate. Prosthetic 

provision is a considerable health care expense over the lifetime for TTA patients. Estimated 

lifetime prosthetic costs for an individual with unilateral lower limb amputation could range 

from $0.5 to $1.8 million depending on many factors, such as the number and type of 

prostheses in service at a given time (1). Collectively, care for the amputee of dysvascular 

etiology has societal costs (U.S.) of an estimated $4.3 billion, and Medicare reimbursed 

$655 million worth of lower limb prosthetic services in 2009 (2,3).

Given the numerous intervention options and costs associated with amputee rehabilitation 

and prosthetic provision, it is problematic that the literature’s ability to guide clinical 

practice, reimbursement, or health care policy is limited. For example, prominent reviews on 

the subjects of foot prescription (4) and post-operative management (5) indicate that no 

clinical recommendations can be made due to a lack of evidence. Within the prosthetic 

profession, this is problematic given the 2012 report by the U.S. Office of the Inspector 

General indicating ≈$4.7 million worth of Medicare billings were inappropriate (2). 

Moreover, some insurers impose a one-limb-per-lifetime reimbursement limit, further 

substantiating the need for economic data related to TTA prosthetic care (6).

Another consideration is that TTA patients develop secondary conditions related to sound 

limb overuse, prosthetic malalignment, and other factors, including degenerative joint 

disease, osteopenia, postural issues, low back pain, and others (7). Each of these secondary 

complications has health care utilization and cost implications that are unexplored with 

regard to this population. Nevertheless, many TTA patients lead functional lifestyles (8), at 
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times participating in sport and athletic pursuits (9). Incorporation of a prosthesis is 

routinely part of the rehabilitation and reintegration plan (10).

A 2013 analysis of Medicare beneficiaries (2008 Jan 1 to 2009 Jun 30) with recent lower 

limb amputation reported that, compared to non-prosthetic users, those who received 

prostheses had comparable Medicare episode payments (including prosthetic costs: $68,040 

vs. $67,312; p > 0.05) and superior outcomes (i.e., fewer emergency room admissions 1.6 

vs. 2.1; p < 0.05) (11). Prosthetic users were more likely to receive outpatient therapy 

compared with non-prosthetic users (27.2 more visits; p < 0.05). Physical therapy 

participation was associated with fewer acute care hospitalizations and less facility-based 

care (p < 0.05), which offsets the initial high cost associated with prosthetic provision. In 

other words, the higher initial costs decrease the burden on the health care system by 

decreasing utilization and adverse events. This cost savings provides insight into costs not 

paid (i.e., resources saved) as a result of proper rehabilitative care including prosthetic 

provision. This savings might be considered value. These data (11) further suggest the 

prosthesis was nearly amortized at 12 months, and users may experience higher quality of 

life and increased independence compared to non-prosthetic users.

Given the recent reimbursement challenges based on a lack of clinical and economic 

evidence, there is a need to understand and document the cost-effectiveness of prosthetic 

rehabilitation for TTA patients. Therefore, this project’s purpose was to conduct a systematic 

scoping review of the literature to determine if clinical sub-topics had sufficient evidence for 

further systematic review and meta-analysis. Additionally, the review sought to formulate 

evidence statements related to prosthetic interventions for persons with TTA from an 

economic evaluation perspective based solely on comparative studies.

METHODS

On the assumption that economic evaluations for TTA prosthetic interventions would be 

limited, investigators opted for an inclusive search considering any element of the prosthesis 

(foot, ankle, pylon, socket, liner, suspension) as well as complete prosthetic care. On 

November 18, 2015, three databases—MEDLINE (Pubmed), The Cumulative Index to 

Nursing and Allied Health Literature (CINAHL) (Ovid), and the Cochrane Database of 

Systematic Reviews—were systematically searched for combinations of the following 

primary search terms:

(prosthe⋆ OR “Prostheses and Implants” OR prosthesis OR prostheses OR 
preprosthe⋆ OR pre-prosthe⋆)

AND

(((transtibial OR trans-tibial OR trans tibial OR below knee OR bka OR tta 
OR Leg[Mesh] OR leg OR legs OR lower limb OR lower limbs OR lower 
extremity OR lower extremit⋆ OR “Lower Extremity”[Mesh])))

Primary search terms were combined systematically with the following secondary search 

terms:
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Cost OR Econ⋆ OR Efficacy OR “Cost Benefit” OR “Cost Effectiveness” OR 
“Cost Utility” OR “Healthcare Econ⋆”

The following date limits were implemented as part of the database search parameters: 1997 

Jan 1 through 2015 Nov 15.

Article Screening

Resulting references were exported to EndNote (vX6, Thompson, CA, USA) reference 

management software, where Stage 1 screening was applied. Stage 1 screening, including a 

title and abstract review and the elimination of duplicate references, was applied. Remaining 

economic evaluation articles were sorted by topic. Exclusion criteria were applied starting at 

Stage 1 to eliminate studies that merely describe costs but otherwise lack cost comparison. 

Foreign language articles were eliminated because of prohibitive translation fees. Economic 

evaluation articles from developing nations were excluded due to an inability to apply their 

findings to the U.S. health care market. Articles were screened for exclusion using the 

following criteria within EndNote:

1. Foreign language (i.e., non-English language)

2. Developing countries

3. Any study lacking an economic evaluation or cost-comparison analysis

4. Retrospective studies

5. Case studies

Following Stage 1 screening, Stage 2 screening was applied as outlined here. Remaining 

economic evaluation articles were reviewed by two raters and screened independently to 

verify inclusion/exclusion and for classification as: 1) pertinent, 2) not pertinent, or 3) 

uncertain pertinence. Full-text articles were reviewed for citations classified as pertinent or 

uncertain pertinence. Disagreement regarding citations of uncertain pertinence were resolved 

by discussion with a third rater. Review of full-text articles and associated discussion led to 

group consensus and ultimate inclusion/exclusion. The following inclusion criteria were 

applied to studies (12):

1. Included a clinical intervention comparison for patients with TTA

2. Included any one of the following types of economic evaluation:

a. Cost-consequence analysis (CCA), involving a way of 

reporting cost and an array of outcomes in a separate and 

disaggregated way so that no incremental ratios are 

involved

b. Cost-effectiveness analysis (CEA), involving incremental 

analysis between the calculated differences in costs and 

outcomes

c. Cost-benefit analysis (CBA), which values both measured 

health and non-health outcomes in monetary units
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d. Cost-utility analysis (CUA), involving utilities, quality-

adjusted life years (QALY), or their variants as the 

measured outcomes

e. Cost-identification analysis (CIA), in which a cost 

comparison is made without the inclusion of a comparison 

of health outcomes

3. Published within the aforementioned timeline

Data Extraction

Data were extracted and categorized according to country origin, economic evaluation 

analysis design (trial- or modeling-design), economic evaluation type (CCA, CEA, CBA, 

CUA, or CIA as defined above), perspective, time horizon, intervention and follow-up 

period, study population, alternatives compared, costs, and outcomes. Reported costs were 

converted to U.S. dollars by dividing the local currency unit with the purchasing power 

parity rates for the mentioned price year and subsequently inflated to 2016 year dollars as 

defined by the World Bank Group (13,14). If the price-year was not stated in the study, the 

publication year was used. Final costs displayed were rounded to the nearest whole number. 

If possible, data were evaluated as appropriate for pooled analyses.

Sorting by Topic

Following screening for eligibility determination and data extraction, articles were sorted for 

pertinence into available intervention topical areas.

Quality Assessment

Economic Evaluation Quality—Each manuscript was assessed for its economic 

evaluation quality by two reviewers using the Quality of Health Economic Studies (QHES) 

instrument and the per-item scores averaged (15). In its original form, QHES has 16 

weighted criteria scored (scaled 1 to 100). Full weight is awarded for a ‘yes’ and no weight 

for a ‘no’ response per criterion. Weights are relative to the per-criterion importance. This 

better discriminates between poor and good quality economic evaluations and is suitable for 

both trial- and modeling-based evaluation (16). QHES has good reliability (17) and construct 

validity (18) and is a commonly used tool (16,17,19). Its major limitation is its multi-topic 

items in a single criterion (i.e., multiple items within a single item share a single weight). 

For this review, the QHES scoring system was modified without changing the original 

weights to overcome this drawback in accordance with previous use (12). Multi-topic 

questions were assigned sub-weights per item but still summed to the original weight. Items 

12 and 13 were modified to rate both trial- and modeling-based economic evaluation. Item 6 

was modified to enable the ability to rate CBA evaluations; however, it was still not 

applicable to CCA. Thus, the total base score was 94 for CCA evaluations. The score of item 

4 did not count when it was not applicable, but the total score remained 100 since its weight 

was small and only negligibly affected the overall score.

After determining the total scores and converting to a percentage, a total QHES score of 75 

to 100 indicated “high quality,” 50 to 74 indicated “fair quality,” 25 to 49 indicated “poor 
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quality,” and 0 to 24 indicated “extremely poor quality” (12). Following the rating for 

economic evaluation with QHES, methodological quality of included studies was rated as 

described below.

Evaluation of Internal and External Validity—Methodological quality of included 

publications was independently assessed by two reviewers according to the American 

Academy of Orthotists and Prosthetists (AAOP) State-of-the-Science Evidence Report 

Guidelines protocol (20). The AAOP Study Design Classification Scale was used to describe 

the design type of the included studies (20). The State of the Science Conference (SSC) 

Quality Assessment Form was used to rate the methodological quality of studies classified 

as experimental (E1 to E5) or observational (O1 to O6) (20). The form identifies 18 potential 

threats to internal validity, with the first four threats not applicable for study classifications 

E3 to E5 and the first five threats not applicable for classifications O1 to O6. Threats were 

evaluated and tabulated. The internal and external validity of each study was then 

subjectively rated as “high,” “moderate,” or “low” based on the quantity and importance of 

threats present. For internal validity, 0 to 3 threats was rated “high,” 4 to 6 threats as 

“moderate,” and 7 to 13 or 14 threats as “low.” For external validity, the form identifies eight 

threats. For this study, 0 to 2 threats to external validity was rated “high,” 3 to 5 threats as 

“moderate,” and 6 to 8 threats as “low.” Each study was then given an overall quality of 

evidence of “high,” “moderate,” and “low” outlined by the AAOP State-of-the-Science 

Evidence Report Guidelines (20).

The overall ratings from the QHES and from the AAOP State-of-the-Science Evidence 

Report Guidelines were used in assigning confidence to the developed empirical evidence 

statements described in following section.

Empirical Evidence Statements—Based on results from the included publications, 

empirical evidence statements (EES) were developed that compared TTA interventions 

economically. Reviewers rated the level of confidence of each EES as “high,” “moderate,” 

“low,” or “insufficient” based on the number of publications contributing to the statement, 

the methodological quality of those studies, and whether the contributing findings were 

confirmatory or conflicting as similarly outlined by others (21).

RESULTS

Literature Search

The search yielded 292 manuscripts (Figure 1). Stage 1 screening eliminated 263 

manuscripts and stage 2 screening an additional 23 manuscripts, leaving six articles meeting 

eligibility criteria. The six remaining articles, published from 2004 to 2011, were divided 

into the following three topical areas:

1. Care Models (n = 1) (22)

2. Prosthetic Treatment (n = 2) (23,24)

3. Prosthetic Sockets (n = 3) (25–27)
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Three of the articles were published in Prosthetics and Orthotics International. The 

remaining three papers were published in other journals. From an economic evaluation type, 

all six papers were trial-design (as opposed to modeling). Five were cost-consequence 

evaluations and one was a cost-identification design (Table 1).

Funding

Four of the six manuscripts included a statement disclosing whether or not the study was 

funded. Of these, only two of the studies were funded, one by multiple sources (professional 

association, governmental, educational) (23) and the other by an insurer (26).

Study Demographics, Interventions, and Outcome Measures

Articles in this review included a total of 704 patients. Among them, 460 were undergoing 

limb salvage, whereas the remaining 244 had TTA of mixed etiology. The median (range) 

sample size was n = 43 (20 to 484). See Table 1 for extracted study data, including specific 

characteristics of the subjects and studies. The reviewed studies were classified into three of 

the 15 potential study designs (controlled trial, randomized controlled trial, and case-control 

designs) described by the AAOP Study Design Classification Scale (20). All three of the 

socket manuscripts represented experimental study designs, while the remaining three 

utilized observational designs. Clinical outcome measures reported in the reviewed 

publications included duration of care, perceived function, prosthetic satisfaction, clinical 

gait outcomes, time to prosthetic delivery, and number of visits. Economic outcomes 

reported in the reviewed publications included cost of prosthetic fabrication, prosthetic 

maintenance, prosthetic provision, amputation or limb reconstruction surgical costs, and 

total care costs.

Economic Study Quality

All six studies were trial designs, so there were no modeling designs. All included studies 

represented the perspective of the provider, facility, and system with only the exception of 

the Datta et al. (25) study, which included elements from the patient perspective (e.g., travel 

considerations). Time horizon was reported in the Care Model (two years) and Prosthetic 

Treatment papers (40 months to two years). No time horizon was reported in the Prosthetic 

Socket papers. Conversely, follow-up periods were reported or discernable in every case. 

Criteria 5 (statistical and sensitivity analyses) and 6 (incremental cost comparison) were the 

least included criteria of the involved studies. Normann et al. (27) was the only study that 

included methods to address uncertainty, which was not addressed in any of the other 

studies. The conduct of incremental analyses between alternative interventions was not done 

in any of the included studies (i.e., all were cost-identification or cost-consequence trial 

designs). Generally, positive attributes of the studies included clear and measurable 

presentation of objectives, use of detailed methodology for data extraction, and appropriate 

utilization of primary outcome measures. Other positive attributes of the included studies 

included the use of reliable and well justified measures, the measurement of appropriate 

costs, the inclusion of descriptions of assumptions and study limitations, and conclusions 

that were generally based on study results. Overall, five of the studies were rated as fair 

quality. The remaining paper, Mackenzie et al. (23), was rated as high quality according to 

the QHES (Table 2).
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Internal and External Validity

Threats to internal validity included lack of blinding, not addressing fatigue and learning, 

and not reporting effect size. Areas needing improvement for internal validity were issues 

with attrition and statistical analyses. Use of robust outcome measures was among the 

stronger criteria bolstering internal validity. Two studies had low, three had moderate level, 

and one study had high internal validity. Conversely, all of the studies had high external 

validity according to the AAOP rating tool. Bias risk from a research funding perspective 

was low given the majority of studies were unfunded.

Economic Data

Key cost comparisons and outcomes are extracted into Table 1. Regarding Care Models, the 

average labor cost per patient was 27% less costly in the public sector and was coupled with 

an improvement (p < 0.001) in patient satisfaction relative to the private sector care model.

For Prosthetic Treatment, when limb salvage was the comparator, two different studies 

yielded mixed results. Mackenzie et al. reported no practical difference in length of hospital 

stay between all average limb salvage scenarios (17.9 days) and TTA (17.4 days). However, 

their analysis concluded that two-year costs were 6% higher ($4,928) for TTA versus limb 

salvage. Importantly, the nature of the limb trauma and type of limb salvage procedure are 

factors, and, in some limb salvage situations, two-year costs may be as much as 5% higher 

than TTA. In a study of those with Charcot foot and other comorbidities, one-year total care 

costs (i.e., hospitalization, device) were compared between those undergoing limb salvage 

versus TTA. In this specific population, the limb salvage surgery and the total cost of care, 

including hospitalization, device provision, therapy, etc., were reportedly more costly with 

limb salvage than TTA. The average cost increase for limb salvage was $7,461 or a 13% 

increase even with the added expense of the prosthesis for the TTA cases.

Three studies supported the Prosthetic Socket topic. Two of the studies compared specific 

weight-bearing (PTB) sockets with forms of total-contact sockets (hydrostatic design (HSD) 

and total surface bearing (TSB)). Both studies conclude that provision costs of PTB sockets 

are 60% (p < 0.01) of those of total-contact alternatives. The tradeoff for the reduced 

provision costs associated with PTB sockets are increased provision time (three-fold 

increase; p < 0.05) and more visits (p < 0.05) necessary to achieve a proper fit. Clinical 

outcomes were similar between socket designs and preference was for the newer socket 

regardless of which design it was. Also within the Prosthetic Socket Topic was a comparison 

of a direct fabrication technique compared with traditional plaster casting methods. The 

direct manufacturing method was associated with 32% higher provision costs (p < 0.01) but 

had the benefit of 58% faster delivery (p < 0.01) and 1.5 fewer visits.

Evidence Statements

Five EESs (Table 3) were synthesized from the results within the three topical areas 

previously identified. Four of the statements were supported by a single study resulting in an 

insufficient level of confidence. One statement from the Prosthetic Socket topical area had 

two studies with moderate and fair quality, respectively, from their validity and economic 
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assessment, resulting in moderate confidence in the statement from both the clinical science 

and economic perspectives.

DISCUSSION

One purpose of this scoping review was to formulate evidence statements and determine cost 

efficacy using economic evaluations of interventions provided to patients with TTA. Three 

topical areas, Care Models, Prosthetic Treatment, and Prosthetic Sockets, were identified, 

yielding synthesis of five evidence statements. The first statement addresses public versus 

private care models at the point in care when an interim prosthesis is utilized by patients 

(22). Under the public model, a prosthetist was employed to provide prostheses, whereas 

patients were referred out to external private practice prosthetists for artificial limb provision 

under the private care model. Briefly, clinical outcomes were determined to be similar 

between the models, yet patient satisfaction was higher and costs were approximately 29% 

lower per patient when care was received from the public sector compared with the private 

sector care model. In this case, payors received the added value of cost savings in addition to 

higher patient satisfaction with comparable clinical outcomes. The evidence statement is 

supported by a single study that has high internal and external validity and fair quality as 

rated by the QHES (Tables 2 and 3), thus providing high confidence in the clinical outcomes 

and moderate confidence in the economic analysis. However, despite generally favorable 

scientific and economic quality ratings from a single study, this is insufficient to support the 

statement until further studies can confirm the findings. Another consideration for this 

statement is that the study represents the single country of Australia. While other countries 

have socialized medical models, various nations’ approaches to the provision of socialized 

health care differ considerably. For comparison, the Veterans Affairs Amputation System of 

Care (VA ASoC) is a U.S. government (i.e., public) sector health care system charged with 

providing care for the unique population of military service Veterans with limb loss (28). 

The VA ASoC’s mission differs considerably from socialized models charged with care 

provision for an entire country’s population, and there is no clear private sector alternative to 

compare outcomes within the U.S. Therefore, further study is needed to determine if results 

of this study (22) are repeatable in other nations or sectors.

The second topical area was Prosthetic Treatment. This topical area yielded two EESs. Both 

statements compared limb salvage with TTA. Factors included were surgical costs, device 

provision, and associated costs. The first statement involved patients who experienced lower 

limb trauma requiring either limb salvage or TTA. Their hospitalization times were similar 

regardless of the choice of surgical procedure. However, the average two-year costs were 6% 

higher for those undergoing TTA compared to those undergoing limb salvage. This higher 

cost of TTA with associated care is not always the case. For instance, in some limb salvage 

situations, the extent of the limb trauma and type of limb salvage procedure can necessitate 

up to 5% higher costs compared with TTA (23). This EES is supported by a single study that 

has low internal and high external validity and high quality as rated by the QHES, thus 

providing moderate confidence in the clinical outcomes and high confidence in the 

economic analysis. Nevertheless, the single study supporting this statement has 

disagreement within it about costs relative to the specific levels of amputation and certain 

types of limb salvage procedures. Therefore, additional evidence is needed to support this 
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EES given that only a single study supports the statement and the fact that costs differ 

depending upon so many factors. Further, both amputation and limb salvage result in 

neuromusculoskeletal deficit, which can lead to pain and loss of strength, power generation, 

range of motion, and sensation. These impairments can impact function and quality of life. 

Clinical outcomes following amputation have been compared to those following limb 

salvage (29). A definitive advantage to either has not been identified (30–33). This further 

confirms the autonomy that practitioners must have when discussing options with patients 

facing this decision due to an inability to empirically identify clear functional or economic 

advantages related to either decision given currently available data.

Also within the Prosthetic Treatment topic, EES 3, which addresses patients with Charcot 

foot arthropathy and multiple comorbidities such as diabetes and obesity, was synthesized. 

In this study, patients reportedly experienced up to 13% increased one-year costs (including 

hospitalization, device provision, and therapy) if limb salvage was selected as opposed to 

TTA. This is a different clinical situation than that described in EES 2 due to the etiology 

and comorbidities of the respective patients. The statement is supported by a single study 

that has low internal and high external validity and fair quality as rated by the QHES. 

Clinical outcomes were not reported. Therefore, evidence supporting this statement is also 

insufficient due to a lack of data to confirm support. Unlike the previous scenario, in which 

trauma drives the decision to surgically salvage or amputate, authors in this study 

unanimously report increased cost associated with limb salvage in the obese diabetic patient 

with Charcot arthropathy. This warrants further consideration, as obesity has not been shown 

to significantly impair ambulation or prognosis with a prosthesis (34).

Prosthetic Sockets represent the third topical area in the review. This topic also resulted in 

the synthesis of two evidence statements. The first statement in this topic (EES 4) states that 

provision of specific weight-bearing PTB sockets for patients with TTA cost 40% less than 

total-contact socket alternatives. However, PTB sockets require up to three times longer to 

achieve a proper fit with no clinical performance differences among the alternatives. 

Therefore, according to the included studies (25,26), there is no cost reduction or clinical 

performance difference between the interventions. Although the PTB sockets have a lower 

initial cost, the additional clinic visits, which require increased time commitments and travel 

costs as well as the risk of potential complications, ultimately increase latent costs. 

Conversely, provision of the more costly (initial cost) total-contact alternative sockets results 

in fewer of these additional expenses and visits. Thus, the interventions appear to be 

economically equivalent when viewed from all stakeholder perspectives in the short term. 

This fourth EES is supported by two studies, both with moderate internal validity and high 

external validity (25,26). Both are rated as fair quality studies according to the QHES. This 

evidentiary support provides moderate confidence in the clinical outcomes and fair 

confidence in the economic analysis. In contrast to these studies, a recent systematic review 

suggests that use of gel-lined sockets, as opposed to traditional PTB sockets, results in 

numerous clinical benefits, including decreased walk aid dependence, improved suspension 

options, improved load distribution, decreased pain, and increased comfort (35). This 

systematic review of clinical studies suggests gel-lined sockets offer clinical improvements 

relative to PTB sockets and is supported by Level 1 evidence. Thus, if clinical outcomes are 

improved with total-contact sockets, users may realize greater value through their use 
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relative to PTB alternatives. This particular topic and EES also point out the importance of 

considering all perspectives in an economic analysis. A limitation of this EES is the time 

horizon. It is unclear if there are potential functional or cost differences over the long term 

between specific weight-bearing and total-contact socket alternatives.

The second statement (EES 5) within the Prosthetic Socket topic addresses traditional 

plaster casting fabrication with direct manufacturing methods of providing prosthetic sockets 

for patients with TTA. Direct fabrication methods of socket delivery reportedly have 32% 

higher initial provision costs but are delivered to patients up to 58% faster and in fewer 

visits. This EES is supported by a single study with moderate internal validity and high 

external validity. It is rated as fair quality according to the QHES. This evidentiary support 

provides moderate confidence in the clinical outcomes and fair confidence in the economic 

analysis. Again, further studies are needed to strengthen confidence in EES 5. Additionally, 

authors were unable to locate data to support widespread adoption of direct manufacturing 

techniques for TTA socket provision.

A second purpose of this scoping review was to determine if further review and analysis is 

indicated based on the current state of the economic science relative to care for the patient 

with TTA. It seems that further analysis of economic comparison studies is less of an issue 

compared with the need for further primary economic comparison research, input, and 

guidance from the profession relative to a strategy to further develop this area of research. 

Additionally, multiple manuscripts were excluded from this analysis of economic 

comparisons that alternatively provide descriptive economic information relative to care for 

persons with TTA. These excluded narrative economic papers merit further review and 

analysis and are currently being evaluated by the authors.

Limitations

Many subjects in this report were patients of limb salvage procedures selected for 

comparison to TTA cases. Unfortunately, many individual aspects of transtibial prosthetic 

intervention are not represented or are under-represented in the health care economic 

literature. Currently, economic evaluations in any area of transtibial patient care are limited. 

There were no cost-benefit, cost-effectiveness, or cost-utility analyses identified in this 

search, as all available studies were cost-identification or cost-consequence studies. No 

economic modeling was identified. Further, described services and interventions were not 

quantifiably connected directly to health measures. Therefore, more sophisticated and 

comprehensive economic evaluations are needed with regard to transtibial interventions to 

better understand the potential value of certain interventions for the patient with TTA. One 

possible solution is to incorporate outcomes conducive to economic analysis and modeling 

as part of prosthetic oriented clinical trials (35). While total prosthetic care has some 

representation, discrete topics of interest to the prosthetic clinical community were not 

represented, including topics such as prosthetic suspension, feet, newer socket designs (i.e., 

elevated vacuum), and others. Finally, this body of literature is biased to include 

predominantly the perspective of the care provider, their practice facility, or a care system. 

These are limited because cost burden to society, the patient, or the payor are not accounted 

for.
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CONCLUSIONS

The comparative economic literature in transtibial prosthetics is presently insufficient for 

further review, conclusion, and policy guidance. Six cost-identification or cost-consequence 

articles were eligible for scoring in three topical areas: Care Models, Prosthetic Treatment, 

and Prosthetic Sockets. From these, five evidence statements were synthesized, with one 

supported by sufficient evidence to provide moderate confidence regarding comparable cost 

between total-contact and specific weight-bearing socket designs when clinic visits, 

adjustments, and initial costs are considered in the short term. Further and more 

sophisticated economic analyses of transtibial prosthetic interventions are needed in order to 

determine value related to device provision and maintenance, outcomes, and health. Where 

further primary comparative economic analyses of TTA prosthetic care are needed, analyses 

of narrative economic reports relative to TTA care may be sufficient to warrant further 

review. Finally, guidance from the profession may be useful in devising a strategy for how to 

assure economic analyses are a routine element of prosthetic science in the future.
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Figure 1. 
Flow diagram.
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Table 3

Empirical Evidence Statements

Category Empirical Evidence Statement (EES) Supporting
Studies

Care Models (EES 1) In socialized healthcare systems, patients
with unilateral transtibial amputation may experience

similar clinical outcomes from the interim to definitive
prosthetic stages of rehabilitation with lower average
per-patient labor costs and higher satisfaction when

managed in a public sector care model compared with
a private sector care model.

High/Fair(22)

Prosthetic
Treatment

(EES 2) Patients having experienced lower limb
trauma requiring limb salvage or transtibial
amputation will likely experience similar

hospitalization duration regardless of the choice of
surgical procedure. However, the two-year costs, on
average, will be approximately 6% higher for TTA
versus limb salvage. In some situations, the limb
trauma and type of limb salvage procedure can

necessitate up to 5% higher costs compared with
TTA.

Moderate/High
(23)

Prosthetic
Treatment

(EES 3) Patients with Charcot foot arthropathy and
multiple comorbidities will likely experience up to 13%

increased one-year costs (including hospitalization,
device provision, therapy) if limb salvage is selected

as opposed to transtibial amputation.

Moderate/Fair
(24)

Prosthetic
Sockets

(EES 4) Provision of patella tendon bearing (PTB)
sockets for patients with transtibial amputation costs

40% less than total contact socket alternatives
however PTB sockets require up to three-times longer

to achieve a proper fit with no clinical performance
differences between the alternatives.

Moderate/Fair
Two studies

(25,26)

Prosthetic
Sockets

(EES 5) Compared with traditional plaster casting
fabrication, the direct manufacturing method of
providing prosthetic sockets for patients with

transtibial amputation have 32% higher provision
costs but are delivered to patients up to 58% faster

and in fewer visits.

Moderate/Fair
(27)

Supporting Studies rated by AAOP tool/QHES. The Level of Confidence for EESs 1–3 and 5 is Insufficient based on limited evidence (i.e. a single 
study per topic). The fourth statement (EES 4) is supported by sufficient evidence to support a Moderate level of confidence in the statement.
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