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Abstract

Purpose—People with tetraplegia face substantial physical and financial hardships. Although 

upper-extremity reconstruction has been advocated for people with tetraplegia, these procedures 

are markedly underutilized in the United States. Population-based preference evaluation of upper-

extremity reconstruction is important to quantify the value of these reconstructive procedures. This 

study sought to establish the preferences for three health states: tetraplegia, tetraplegia with 

corrected pinch function, and tetraplegia with corrected elbow extension function.

Methods—A computer-based time trade-off survey was administered to a cohort of 81 able-

bodied second-year medical students who served as a surrogate for “the general public.” This 

survey instrument has undergone pilot testing and has established face validity to evaluate the 

three health states of interest. Utilities were calculated based on an estimated 20 years of 

remaining life.

Results—The mean utility for the tetraplegic health state was low. On average, respondents gave 

up 10.8 ± 5.0 out of a hypothetical 20 years for perfect health, for a utility of tetraplegia equal to 

0.46. For recovery of pinch function, respondents gave up an average of 6.5 ± 4.3 years, with a 

corresponding health utility of 0.68. For recovery of elbow extension function, respondents gave 

up an average of 7.6 ± 4.5 years, with a corresponding health utility of 0.74.

Conclusions—This study established the preferences for two upper-extremity surgical 

interventions: tetraplegia with pinch and tetraplegia with elbow extension. The findings from this 

study place a high value on upper limb reconstructive procedures with tetraplegia.
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In the United States, there are over 100,000 people living with tetraplegia (1, 2). Individuals 

with this condition cope with physical hardships that are often exacerbated by financial 

difficulties. The economic burden of tetraplegia is substantial; estimates of the direct 

lifetime cost for a person injured at age 25 ranges from $1.7–$3.0 million (2). Rehabilitation 

for people with tetraplegia focuses upon improving the patient’s ability to perform activities 

of daily living (ADL), which both enhances independence and lessens the cost-burden on 

society.

People with tetraplegia struggle to gain independence so an important goal for rehabilitation 

is to improve lost upper limb function (3). Tendon transfer procedures have been shown to 

restore basic upper limb movements (4); however, these procedures are markedly 

underutilized, and few patients actually receive optimum intervention (5). Although the 

majority of clinicians believe that upper extremity function is vital for this patient 

population, physician preconceptions and a lack of cross-specialty relationships appear to 

contribute to the underuse of these procedures (4, 6). The disparity in care has been shown 

for this vulnerable population, but one critical piece of information has been missing: How 

valuable is pinch and elbow extension function in the setting of tetraplegia?

To answer this question, preferences must be obtained and converted to discrete values 

using a health utility assessment. The utility score is measured as a single number that is 

expressed along a continuum extending from death (0.0) to perfect health (1.0) (7). It 

provides an aggregate value of the net change in health-related quality of life – the gains and 

losses of morbidity and mortality experienced with a particular intervention (8, 9). The 

utility measure has many advantages that make it a favorable econometric tool. First, it 

combines the positive and negative aspects of a health outcome into a single numerical 

value. Second, it reflects two important dimensions of a health state: duration and quality. 

These attributes allow the utility score to be expressed as an output known as quality-

adjusted life years (QALYs), which can be incorporated into economic evaluations (10).

Until now, population-preferences for upper extremity reconstruction in individuals with 

tetraplegia were unknown. The aim of our study is to establish the health preferences for the 

essential upper limb movements, namely pinch and elbow extension by using utility 

measures. This will provide a quantifiable value for limb functions that can be used for 

comparison with other interventions such as improvement of bowel and bladder function. In 

addition, these values can be incorporated into economic analyses of different rehabilitative 

options for this patient population (8). Ultimately, this information can be weighed against 

utility values obtained for other health state interventions (for example, medically managing 

cirrhosis) to assist with prioritization of resources for this population’s complex 

rehabilitative needs.

Methods

Survey Design

The purpose of our survey was to determine the health utility scores for three health states in 

the tetraplegia condition. The first health state is the global tetraplegia state, which was 

described as a spinal cord injury that affects function of both arms and legs. The second 
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health state is tetraplegia with corrected pinch function that would permit handling of items 

such as an ATM card or a fork. Finally, we asked about tetraplegia with corrected elbow 

extension function that would improve one’s ability to stabilize the arm in space to assist 

with eating, brushing hair, and reaching above the head. The questions were designed to 

represent the average results after upper extremity reconstructive procedures as 

demonstrated by a systematic review of the literature; we also solicited the viewpoint of an 

occupational therapist specializing in the care of people with tetraplegia to craft realistic 

scenarios for the utility survey (11).

To obtain utilities for these health states, we used the time trade-off method (TTO) (12). In 

this method, subjects express the number of years they would give up to live in a better 

health state. Because the TTO portrays scenarios without the consideration of gamble, the 

TTO utility is more of a value score and tends to be lower than the utility score obtained 

from ‘standard gamble’ for the same health state (13, 14). The first question involved 

choosing to live 20 years with tetraplegia with no function of all four limbs, or living fewer 

years with perfect health. The second question involved choosing to live 20 years with 

tetraplegia or choosing to live for a shorter period of time with surgically corrected pinch 

function. The third question involved choosing to live 20 years with tetraplegia or choosing 

to live for a shorter time with surgically corrected ability to extend the arm at the elbow.

Twenty years of life expectancy was chosen because we felt this represented the average life 

expectancy of the average person with tetraplegia. We arrived at the twenty years life 

expectancy after considering three factors. First, the average life expectancy for a person 

with tetraplegia after injury is about 35 years (15). Next, 40% of the U.S. population of 

individuals with spinal cord injuries is over the age of 45. Finally, many people with 

tetraplegia have long standing injuries, with 25% of this population more than 20 years out 

from his or her time of injury (16). Considering that this unique demographic is an older 

population with longstanding injuries and slightly shortened life expectancy, we decided that 

20 years would be a close representation of the predicted life expectancy of the average 

person with tetraplegia in the US.

To establish the face validity and comprehension of the questionnaire, we pilot tested the 

survey on three heterogeneous groups of individuals: medical students, people with 

tetraplegia, and attending physicians. We had our respondents read the questions aloud using 

a concurrent think aloud technique to assure comprehension and then took feedback for 

content changes (17). Based upon the feedback from the pilot test, three rounds of major 

revisions were performed before the survey was deemed ready for administration.

The thirteen-item survey instrument was administered online via the ‘UM.Lessons’ survey 

engine, which was used in the past for establishing utilities for scaphoid fracture treatment 

(18). Computer based tools that use time trade-off to assess health states have been found to 

give comparable results as face-to-face interviews (19).

During the computer survey, we asked subjects demographic information and questions 

about general upper extremity health. Next, they completed a generic health-related quality 

of life measure, the Health Utility Index-3 (HUI-3) (20). The HUI-3 is a general health 
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related quality of life measure that encompasses eight attributes (vision, hearing, speech, 

ambulation, dexterity, emotion, cognition, and pain). It has been extensively tested in the 

community and for a wide variety of health states (21). The HUI-3 ratings provide a value to 

each subject’s health status at the time of the survey and generate a reference for how this 

study population compares to the general community.

The time trade-off questions were administered in an iterative fashion and began with two 

practice questions to assure that the respondent comprehended the TTO technique. The first 

test question addressed binocular blindness and the second monocular blindness. 

Respondents who comprehend the survey should give up more time to cure blindness in 

both eyes than blindness in only one eye.

The final question of the survey addressed the inconvenience associated with post-operative 

casting. Our discussions with hand surgeons involved in tetraplegia reconstruction suggested 

that patients may be concerned about loss of independence with casting, which might 

contribute to the underutilization of these procedures.

Study Subjects

The Institutional Review board at the authors’ academic university approved the study 

protocol. The objective of the survey was to ascertain community-based preferences, as 

opposed to patient-based preferences, for a range of health states as recommended by The 

Panel on Cost Effectiveness in Health and Medicine (22, 23). A sample of 150 first- and 

second-year medical students was chosen for the study from a total of 350 students. A 

random sequence generator was used for selection of the participants. Initial recruitment 

began with an email briefly explaining participation and a $20 payment as a token for their 

time. Two additional email reminders were sent to the selected group with the informed 

consent document attached. Once interest was acknowledged and consent was obtained, the 

internet address for the survey engine was provided. The surveys were anonymous. One 

hundred eighteen medical students of the 150 emailed responded to our recruitment email 

and submitted a survey. Out of this 118, 81 subjects produced fully completed and logically 

sound surveys which were subsequently used for analysis. These data were used as a proxy 

for able-bodied preferences (18). The final sample was 81 medical students.

Data Analysis

Data were downloaded from the UM.Lessons survey engine and calculations were 

performed to determine utility scores, including the mean value for each scenario and 

standard deviations for each outcome studied.

Utility Calculations

The TTO method determines the utility of various health states by comparing living longer 

in less-than-perfect health versus a specified shorter but perfectly healthy life. For example, 

a respondent who feels that 6 years of life without tetraplegia (giving up 4 years) is equal to 

10 years with tetraplegia, means the utility of the tetraplegia health state would be 0.6. 

(Below is the calculation for utility scores, Calculation 1).
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Calculation 1

U = Utility

LE = Life expectancy with health state in question

Y = Number of years given up for perfect health

For the specific health states in tetraplegia regarding both grip and pinch function, both 

utilities were calculated and then averaged(Calculation 2).

Calculation 2

U(s) = Utility of tetraplegia with one particular upper extremity deficit surgically 

corrected

N = Number of years the subject is willing to trade for cure of the impairment

U(t) = Utility of the tetraplegic health state.

Results

Survey Response

A total of 118 of the 150 medical students submitted surveys. Of these 118 data sets, 37 

were excluded due to missing data and logical inconsistencies. Therefore, 81 surveys were 

ultimately included in the final analysis. The final cohort consisted of 37 males (46%), 44 

females (54%). The initial response rate was 78% with 69% of the returned surveys used in 

the final analysis. The age of respondents ranged from 21–30, with an average age being 

23.2 years and standard deviation of 1.7. All respondents answered the practice questions 

concerning hypothetical monocular and binocular vision loss correctly, which gives 

confidence that all the responders understood the TTO strategy.

The mean summary score for the HUI-3 scores for this study sample was 0.9. According to 

the Institute of Medicine, the average HUI-3 for a healthy 20–29 year-old living in the 

United States was 0.91(22). Based on this standard, our participants had a very high health 

related quality of life (0.88 with 1.0 meaning perfect health) and thus represent a healthy 

control group (20).

For the first health state, the utility of tetraplegia, the respondents traded a mean of 10.8 ± 

5.0 years out of a hypothetical 20 years to gain perfect health. This means that the utility for 

tetraplegia was very low at 0.46. The utility scores for tetraplegia are presented in Figure 1. 

For restoration of pinch function, respondents gave up an average of 6.5 years ± 4.3, years, 

with a corresponding health utility of 0.68. Figure 2 graphs the utility scores for pinch. For 
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elbow extension function, the respondents gave up an average of 7.6 years ± 4.5 years, with 

a corresponding health utility of 0.74. Figure 3 presents the utility scores for elbow 

extension. Blank spaces in our figures indicate a preference score of ‘0’ or death. In other 

words, some subjects felt that death is preferable to living with tetraplegia, in some cases, 

even with restored upper extremity function.

Finally, we asked the survey respondents to indicate how many weeks they would tolerate in 

a cast after surgery to improve upper extremity function (from 0 weeks up to 8 weeks). Two 

participants preferred to decline surgery rather than be casted longer than four weeks; all 

others indicated that they would be willing to be casted for 8 weeks. In our study sample, 

time in cast did not appear to be a barrier to surgery.

Discussion

Utility measures are important for understanding health economics, healthcare utilization, 

and evaluation of healthcare priorities. Utilities have been calculated for many medical 

conditions, but as of yet, few upper limb health states preferences have been quantified (23). 

Utility scores provide information on patient preferences and are a particularly critical 

component of the health economic approach because they can be converted to quality 

adjusted life years (QALYs). This study calculated utilities for two critical basic upper limb 

states for people with tetraplegia: pinch function and elbow extension.

Utilities are such powerful tools because they allow for comparisons between very different 

health states. These comparisons can be used for the prioritization and rationing of care (24). 

For example, the Oregon Health Plan used health utilities in construction of their list of 

medical conditions and their treatments. The rank on this list was then to be used to 

determine what treatments the state insurance plan would cover (25). Currently, large 

databases such as the cost effectiveness analysis registry provide utility weights for a wide 

variety of diseases and their treatment (26). Table 1 provides a sampling of utility scores to 

establish some frame of reference for different health states. This table shows a wide range 

of responses for different health states and that the type of surveyed subjects impacts health 

preference values. For example, physicians tend to undervalue disease states and place a low 

utility for AIDS, which in contrast to patients who, in general, place higher utilities for their 

health states, as is demonstrated by the higher utility of the patient on dialysis (27).

This study found the utility of the tetraplegic condition to be 0.46, which is similar to the 

finding (0.52) of a previous patient-based study (28). A utility value of 0.46 is very low, and 

comparable to the utility assigned to a major stroke (0.2–0.5) (23). We found a large gain 

(utility gains of 0.22 to 0.28) simply with providing these critical functions through the 

surgical procedures to restore pinch and elbow extension. To put this change of health states 

into perspective, the differences between tetraplegia and tetraplegia with improvement in 

one upper limb function is comparable to the difference physicians see between 

compensated and uncompensated cirrhosis (29). These values suggest that our respondents 

would sacrifice roughly 25% of their remaining life expectancy for improvement in either 

pinch or elbow extension. The results of our study indicate a strong preference for treating a 

major upper-extremity deficit in those with tetraplegia.
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The importance of the upper limb function in tetraplegia has been studied with other more 

traditional methodologies. A survey by Snoek et al. showed that 75% of people with 

tetraplegia found hand function to be very important for their independence and their quality 

of life (30); small gains in upper extremity function were found to be extremely beneficial 

(31, 32). In addition, case series on surgical reconstruction for tetraplegia have shown that 

these interventions improve patients’ abilities to groom, self-feed, self-catheterize, lift 

objects, write, swim, and drive (4, 33). This study further supports the conclusions drawn 

from previous studies, which indicate that the lack of upper limb function is a very 

concerning feature of tetraplegia, and correction of this deficit adds substantial value to the 

tetraplegic health state.

One controversy exists when establishing utilities for people with disability. Who should 

generate these health preferences, the people with the condition or the general population? 

We chose to survey medical students as proxies for the general population and not people 

with tetraplegia. This was based on recommendations generated by the Panel on Cost 

Effectiveness in Health and Medicine, which maintains that population-based preferences 

are preferable to patient-based preferences (34) (22). The rationale behind this is that 

utilities are a component of cost-effectiveness analyses, which compare interventions from a 

societal perspective. These analyses can direct allocation of limited funds within a system 

with competing needs. Given that utilities are used to determine what is cost-effective for 

the general public, these values should be based upon the general community’s values and 

not those of those who are experiencing the disease (35).

Yet, it is easy to imagine a case in which the general population fails to appreciate the true 

sense of daily life for individuals living with disabilities and subsequently undervalues a 

certain health state. Cost effective analyses lack compassion and this is a recognized 

limitation. Studies exploring this problem have found that patients adapt to their disability 

and indeed place a higher value on their health states than the general population (27, 36). 

Therefore, future work may compare the health preferences for upper extremity 

reconstruction between our estimates from medical students to those of people with 

tetraplegia.

Limitations to this study include the basic difficulties of obtaining utility scores. First our 

study population was medical students. Medical students are a unique group and likely have 

different attitudes towards medical conditions; these factors may limit the generalizability of 

our findings. However, many utilities have been generated using health professionals and 

our results can be used in comparison to these studies(23). Preferences generated in this 

study were based on a holistic approach with subjects imagining hypothetical health state 

scenarios and assigning values to different health outcomes. These scenarios emphasize the 

important aspects of the health condition of interest, and encourage the participant to reflect 

on the physical, psychological, and social consequences of real or imagined health states and 

outcomes. However, opinions vary widely among individuals, and subjective views are 

difficult to capture by generic utility scales such as the TTO. Alternative measuring scales 

exist, but we chose the time trade-off technique because other tools such as the rating scale 

and standard gamble have been shown to suffer measurement bias and be less reflective of 

individuals’ true health-state preferences, respectively (37, 38). An additional concern is that 
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survey respondents can be heavily influenced by subtle variations in the questionnaire (39–

41). To try to minimize this bias, our scenarios portrayed concrete outcomes that were 

representative of the results of upper extremity surgical reconstruction for tetraplegia (42).

This study establishes the value of two current upper-extremity functions in the setting of 

tetraplegia: pinch and elbow extension. The results indicate that subjects would give up a 

substantial amount of time for recovery of pinch and elbow extension and quantifies the 

value of these two health states.
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Appendix 1

Sample TTO Question. Subject is asked to choose between Options A, B, or “Point of 

Indifference.”
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Figure 1. 
Health Preferences for Tetraplegia
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Figure 2. 
Health Preferences for Tetraplegia with Restored Grip
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Figure 3. 
Health Preferences for Tetraplegia with Restored Elbow Extension
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Figure 4. 
Comparison of Health Utility States

*Present study results

+ Physician perspective

# Patient Perspective
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Table 1

Health Utility Index (HUI) – 3

Mean Score

HUI summary score 0.884

Vision 0.989

Hearing 1.0

Speech 0.999

Ambulation 1.0

Dexterity 1.0

Emotion 0.991

Cognition 0.998

Pain 0.937
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