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INTRODUCTION

Significant lower extremity trauma is an entity frequently encountered by orthopedic trauma 
surgeons. While the incidence of open long bone fractures in some reports is 12 per 100,000 
persons annually, 40% of all complex traumas occur in the lower limb and these tend to be more 
severe than open fractures in the upper extremities.[1,2] Complex open lower extremity trauma is 
often associated with extensive muscle and neurovascular damage. This injury pattern continues 
to pose a treatment challenge when deciding between a treatment course involving limb salvage 

ABSTRACT
Objectives: Lower limb trauma that involves severe soft-tissue injuries continues to pose treatment challenges 
when considering whether to perform an amputation or salvage the injured extremity. This study aimed to 
measure the perceived health burden of living with unilateral below-knee amputation (BKA). A secondary aim 
was to compare the health burden of living with BKA and single-eye blindness and/or double-eye blindness (SEB 
and DEB).

Methods: A web-based survey was utilized to establish the effectiveness of outcome scores for three health states 
(unilateral BKA, SEB, and DEB) in a sample of 116 participants recruited from the general population. The 
outcome measures included the time trade-off (TTO), standard gamble (SG), and visual analog scale (VAS) tests.

Results: The TTO, SG, and VAS scores for BKA were 0.75 ± 0.2, 0.78 ± 0.18, and 0.57 ± 0.16, respectively. These 
measures indicate that participants were willing to undergo a theoretical surgery that carries a 22% chance of 
mortality and trade 9 years of life to avoid a BKA. These were lower than the values of SEB VAS (P = 0.02) and 
TTO (P = 0.002) tests and the SG measure (0.8 ± 0.17, P = 0.09). Age, gender, race, income, and education were 
not statistically significant independent predictors of the utility scores for BKA.

Conclusion: When faced with a BKA, individuals in our sample population would choose to undergo 
reconstructive surgery with a hypothetical 22% chance of mortality. They would be willing to sacrifice 9 years 
of their life for such a surgery to avoid a BKA. These data can be beneficial to understand better how patients 
perceive their disability and help in patients’ counseling.
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or surgical amputation.[3,4] Over the past few decades, 
many studies have highlighted the clinical differences and 
consequences between these two options for patients. 
However, neither treatment option has proven superior with 
respect to long-term functional outcomes.[3-8] While there are 
some clearly defined indications where limb amputation is 
preferred over surgical reconstruction, the decision regarding 
the optimal treatment strategy is often a difficult one to make. 
The resulting loss of a limb can negatively affect a patient’s life 
as well as psychosocial well-being.[7] Objectively quantifying 
the perceived impact of the health burden of a lower 
extremity amputation offers help when counseling patients 
facing a decision between below-knee amputation (BKA) 
and limb-salvage surgery and is also important for insurance 
funding and health-care resource distribution. One means 
of objectively measuring a particular health state is through 
the use of validated utility outcome scores. Examples of such 
validated measures include the standard gamble (SG – that 
is, the mortality risk an individual would accept to obtain 
perfect health), the visual analog scale (VAS – scores range 
from 0 [death] to 1 [healthy]), and time trade-off (TTO 
– that determines the number of years of life an individual 
would relinquish to be perfectly healthy).[9-11] Outcome 
utility tools have helped provide a rationale for developing 
a standard of care models for many medical conditions.[12] 
Of these, preference-based measures are invaluable to allow 
for objective standardization of an individual’s health status. 
Utility scores are validated preference-based measures that 
were primarily established in the 1980s to determine health 
state preferences in health economics and epidemiological 
medicine.[9,13,14] This concept was then introduced in the 
plastic surgery literature and helped objectively measure the 
health burden of many disfiguring conditions.[12,15] Recently, 
utility assessments have been utilized in the orthopedic 
literature as well.[16-18]

Our primary aim in this study was to objectively measure 
the perceived health impact on an individual living with 
a unilateral BKA using utility outcome scores (TTO, SG, 
and VAS) in a sample from the general population. The 
secondary aims were to compare the perceived health state 
outcome scores for living with a BKA to those for single-eye 
and double-eye blindness (SEB and DEB) and to determine 
whether the utility scores for a unilateral BKA were 
influenced by age, gender, race, income, and education.

MATERIALS AND METHODS

Open enrollment online classified ads were posted and 
hosted by McGill University in Canada to recruit a 
sample of volunteers from the general population over 
6  months. All subjects signed an electronic consent form 
before commencing a web-based survey, which collected 
anonymous demographic information in addition to 

providing questionnaires designed to determine the TTO, 
SG, and VAS utility scores for unilateral BKA, SEB, and 
DEB.  Our survey used three different utility tools (the 
TTO, SG, and VAS) to account for any potential weaknesses 
associated with a single tool.

Based on expert opinion, descriptive health state scenarios 
describing the potential limitations for an individual living 
with one of the three health states (SEB, DEB, or a unilateral 
BKA) were created. The amputation scenario included 
a clinical photograph of a patient with a unilateral BKA 
[Figure  1]. Subjects’ comprehension of the study objectives 
was initially assessed by asking participants to rate the 
perceived health impact of SEB and DEB using the TTO, SG, 
and VAS utility outcome measures. Individuals who gave DEB 
a higher utility score (indicating a health state closer to perfect 
health) than SEB were excluded from the study. A schematic 
of the website survey is illustrated in Figure 2. To decrease the 
occurrence of multiple entries, our inclusion for participation 
required a valid e-mail address. All three of the utility outcome 
tools were used for each of the three health states in the same 
fashion. The following is an example of how the assessments 
were structured for the unilateral BKA scenario.

The VAS assessment asked surveyors to imagine themselves 
as the person with a unilateral BKA in the provided scenario 
and then provides a value ranging from 0 (death) to 100 
(perfect health), rating the perceived health impact of this 

Figure  1: Photo of a patient with below-knee amputation 
that was shared with our clinical scenario.
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outcome. The utility health state score for unilateral BKA 
was determined by taking each participant’s rating (from 0 to 
100) and dividing it by 100.

The TTO was assessed by asking the study participants to 
imagine themselves as the person with the unilateral BKA in 
the scenario. Participants were then asked to decide between 
living for the next 36 years of their life like the patient in the 
scenario and receiving a theoretical treatment that would 
guarantee them perfect health for 35 years but would require 
them to sacrifice 1 year of their life. If patients were unwilling 
to trade any years of life for perfect health, they scored 0 
for this test. However, if an individual was willing to accept 
the loss of 1 year of life, up to six iterations of a sequentially 
alternating bisecting algorithm were used to determine an 
indifference point, which would represent the maximum 
amount of life years an individual would trade-off to have 
perfect health and avoid a BKA. For example, if a participant 
was willing to accept a loss of 1 year of life, they would then be 
asked if they would accept of loss of 17.5 (i.e., 35/2) life years 
for perfect health. If they dropped this option, they would be 
presented with an offer to lose 8.75 years of life (i.e., 17.5/2) 
for perfect health. This would continue for six iterations until 
the individual reached an acceptable trade-off in terms of life-
years sacrificed for perfect health (no BKA) or declined all 
further increases in life lost and was left with the initial 1-year 

sacrifice that they agreed to. The utility score was determined 
using the following formula: TTO = (number of years living 
with a BKA – number of years traded off at the indifference 
point)/number of years living with a BKA.

Regarding the SG utility score, surveyors were asked to select 
one of two options – to either remain in a current given 
health state (unilateral BKA) or take a chance on therapeutic 
management with some probability of success (perfect health) 
and some probability of failure (death). This gamble was 
initially presented to the participants, offering them a 99% 
chance of perfect health with a 1% chance of death. Patients 
that declined this option ended the gamble test. However, 
if individuals were willing to accept these risk/benefit 
parameters, they were offered treatments with increasing 
percent chances of death. Once a participant reached a level of 
risk whereby, they would not consider the treatment to avoid 
a BKA, the bisecting algorithm was again used to provide a 
decreasing chance of death associated with the treatment until 
an indifference point was reached whereby the participant was 
willing to accept the gamble (chance of death) to avoid the 
BKA health state. The SG utility score was determined using 
the following formula: Utility score = (1.00 –the risk of death at 
the point of indifference)/100. The online survey was concluded 
by asking the volunteers to rate their current health state 
using the TTO measure. The goal of performing a self TTO 
is to evaluate the current health state of the surveyors. Again, 
they were presented with the option of living in their current 
health state for 36 years or receiving a treatment, which would 
guarantee them perfect health but at the cost of 1 year of life. 
The algorithm was then executed in the same manner as 
previously described. Finally, we have utilized the STROCCS 
guidelines to help strengthen reporting this study.[19]

Statistical analysis

Paired t-test was used to compare the mean values for the 
utility scores. In addition, linear regression analysis was 
utilized to assess whether age, gender, race, income, and 
education were independent predictors for the utility scores. 
Statistical significance was set at P < 0.05. SPSS version 20.0 
(SPSS Inc., Chicago, IL, USA) was used to perform these 
calculations.

RESULTS

The survey was completed by 132 prospective subjects. 
Sixteen were excluded, either because they rated the SEB 
test with a lower utility score than the DEB test or they did 
not complete the survey. The remaining 116 volunteers were 
included in the statistical analysis. The basic demographic 
information is demonstrated in Table 1.

The TTO, SG, and VAS scores for a unilateral BKA were 0.75 
± 0.2, 0.78 ± 0.18, and 0.57 ± 0.16, respectively. These were 

Utility assessment of
below knee
amputation

Consent form

Introduction

Utility scores assessment
of single eye blindness and

double eye blindness

Posttest survey:
1-Utility assessment of self.

2-Participants’ demographics

Figure 2: The scheme of the online survey. The volunteers were first 
presented with a general description of the study and then presented 
with an online consent form to read and sign electronically. 
The survey was continued only if the participants agreed to the 
terms and conditions found in the consent form and signed it 
electronically. The study then continued with the online clinical 
scenarios to determine the utility scores. The study was completed 
with a post-test survey.
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significantly higher (P < 0.0001) than the corresponding 
scores for DEB (TTO = 0.57 ± 0.26, SG = 0.58 ± 0.24, and 
VAS = 0.31 ± 0.17). In addition, the utility measures for a 
unilateral BKA were significantly lower than the SEB TTO 
(0.79 ± 0.19, P = 0.002) and VAS (0.61 ± 0.16, P = 0.02) tests, 
but not for the SG measure (0.8 ± 0.17, P = 0.09). The self-
rated TTO (0.92 ± 0.16) was significantly higher (P < 0.0001) 
when compared with the BKA TTO utility score (0.75 ± 0.2). 
The results of utility scores are summarized in Table 2.

The unilateral BKA scores for the TTO (0.75 ± 0.2) and SG 
(0.78 ± 0.18) utility measures indicate that patients were 
willing to undergo a theoretical procedure with a 22% 
chance of mortality and trade 9 years of life to avoid a BKA. 
Regression analysis revealed that age, gender, race, income, 
and education were not statistically significant independent 
predictors of the utility scores for unilateral BKA.

DISCUSSION

Our results objectively measure the perceived impact that a 
unilateral BKA can have on an individual (TTO 0.75 ± 0.2, 
SG 0.78 ± 0.18, and VAS 0.57 ± 0.16). These BKA scores 
were significantly higher than scores for DEB (TTO 0.57 ± 
0.26, SG 0.58 ± 0.24, and VAS 0.31 ± 0.17), indicating that 
participants in the study felt that complete blindness had a 
more significant impact on an individual’s health-related 
quality of life than a unilateral BKA. Conversely, the TTO 
scores (0.79 ± 0.19) and VAS (0.61 ± 0.16) for SEB were 
significantly higher than the BKA scores indicating that the 
participants in the study perceived a unilateral BKA to have 
a more detrimental impact on a person’s health status than 
being blind in one eye.

In addition, the previous studies that have examined the 
health burden of various disease states indicate that living 
with a unilateral BKA (TTO 0.75) is comparable with living 
with bilateral mastectomy defects (TTO 0.70),[20] living 
with severe facial disfigurement (TTO 0.68),[21] Type  1 
diabetes mellitus (TTO 0.67),[22] and patients with Stage-4 
renal disease after renal transplantation (TTO 0.78).[23] 
Moreover, these types of interdisciplinary comparisons have 
the potential to influence healthcare resource allocation by 
allowing for a measurement of the perceived health burden 
of a particular disease state.

Traumatic injuries are the second most common cause of 
amputations after dysvascular etiologies. Although patients 
prefer limb reconstruction at the time of injury, studies have 
suggested that the majority of failed limb reconstruction 
patients would pursue early amputation if they were able 
to repeat their decision.[8,24] Although limb reconstruction 
is often an alternative to amputation, it is not without its 
own set of drawbacks. A  recent review reported that the 
length and cost of rehabilitation are higher for limb-salvage 
procedures and require more frequent reoperations and 
rehospitalizations.[8] Moreover, there appears to be no long-
term functional benefit to limb reconstruction with high 
rates of disability and pain reported for both limb-salvage 
and amputation patients.[8] Given that participants in our 
study would be willing to undergo a procedure with a 22% 
chance of mortality and sacrifice 9  years of life to avoid a 
BKA, it is possible that patients have unrealistic expectations 

Table 1: Surveyors demographic data (n=116).

Mean age (years) 24±5
Gender

Females 62
Males 51
Not reported 3

Race
African‑American 3
Asian 24
Caucasian 54
Hispanic 1
Other 12
Prefer not to answer 22

Education
Some college 9
College graduate 41
Graduate or professional degree 37
Medical education 6
High school 7
Prefer not to answer 16

Income
<$10,000 47
$10,000–25,000 26
$25,000–50,000 4
$50,000–100,000 1
>$100,000 1
Prefer not to answer 37

Table 2: Mean utility score for all subjects including VAS, TTO, and SG to evaluate living with the burden of SEB, DEB, and BKA.

Utility scores
Test SEB DEB Below‑knee amputation P‑value (SEB vs. BKA) P‑value (DEB vs. BKA) Self

VAS 0.61±0.16 0.31±0.17 0.57±0.16 0.02 <0.0001
TTO 0.79±0.19 0.57±0.26 0.75±0.2 0.002 <0.0001 0.92±0.16
SG 0.8±0.17 0.58±0.24 0.78±0.18 0.09 <0.0001
VAS: Visual analog scale, TTO: Time trade‑off, SG: Standard gamble, SEB: Single‑eye blindness, DEB: Double‑eye blindness, BKA: Below‑knee amputation
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regarding the outcomes of limb salvage and may choose 
this route because of the perceived health impact of a 
BKA. Our results highlight the importance of counseling 
patients regarding the risks, expected functional outcomes, 
discussing realistic expectations, and offering psychosocial 
support when choosing between amputation and limb-
salvage surgery.

Limitations of this study include using a sample of relatively 
healthy participants as evidenced by the high self-rated TTO 
(0.92 ± 0.16). Although there are advantages to extracting 
utility scores from patients themselves to reflect the actual 
health burden, previous research has suggested that most 
patients become habituated to their health condition 
and experience a decreased health burden over time.[25] 
Moreover, it is difficult to design a study that can effectively 
obtain utility scores from a representative number of patients 
afflicted with uncommon health conditions at a specific 
time point. Consequently, extracting the utility scores from 
a general population sample is optimal and cost-effective in 
such cases.[26,27] In addition, despite our large sample size, 
selection bias may exist in the study participants as they 
were predominantly younger (mean age 24 ± 5) with higher 
education levels.

CONCLUSION

We have demonstrated that the utility outcome scores for 
living with a unilateral BKA are lower than for SEB but 
higher than DEB. In addition, the objective TTO (0.75 ± 0.2), 
SG (0.78 ± 0.18), and VAS (0.57 ± 0.16) scores for a unilateral 
BKA will allow future comparisons to be made between other 
orthopedic conditions. These types of analyses provide a 
better understanding of how patients perceive their potential 
disability and can provide insight when making decisions 
regarding healthcare allocation and funding resources.
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