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A Discrete Choice Experiment Examining Graft Preference
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Background: Bone–patellar tendon–bone (BTB) and hamstring autografts are the most common grafts used for anterior cruciate
ligament (ACL) reconstruction. Patient preferences should be accounted for as a part of shared decision making.

Purpose/Hypothesis: The purpose of this study was to perform a discrete choice experiment that evaluated patient preferences
toward ACL autografts. We hypothesized that there would be no difference in patient preferences between groups.

Study Design: Cross-sectional study.

Methods: Patients aged 18 to 25 years who underwent shoulder arthroscopy at a single institution between 2013 and 2019 were
included in the study as a proxy for healthy controls. Patients with a history of ACL tear were excluded. A discrete choice
experiment was developed from a literature search and used the following data points as they pertain to BTB or hamstring
autograft: risk of developing a significant complication, return-to-play rate, risk of anterior knee pain with kneeling, and risk of
additional surgery due to graft failure. Included patients completed a custom survey in which they were asked to choose between
“surgery A” (hamstring) and “surgery B” (BTB).

Results: A total of 107 participants were included in the analysis. Of these participants, 39 (36.5%) chose surgery A (hamstring) and
68 (63.6%) chose surgery B (BTB). When comparing the hamstring group with the BTB group, there was no significant difference in
age, sex, body mass index, race, level of education, or employment status. However, 80.5% of self-reported athletes preferred
BTB (P ¼ .008). When controlling for age, sex, and body mass index, patients in the BTB group were more likely to rate return to
sport (risk ratio [RR]¼ 1.49 [95% CI, 1.18-1.98]; P¼ .001) and the risk of requiring additional surgery due to graft failure (RR¼ 1.26
[95% CI, 1.02-1.58]; P ¼ .037) as highly important. Conversely, they were less likely than patients in the hamstring group to rate
pain while kneeling (RR ¼ 0.65 [95% CI, 0.98-1.05]; P < .001) and complication risk (RR ¼ 0.75 [95% CI, 0.59-0.94]; P ¼ .013) as
important.

Conclusion: The study hypothesis was rejected, as patient values did affect ACL graft choice preference. Utilizing patient-selected
values in a quantifiable way can benefit the shared decision-making process before ACL reconstruction.
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More than 200,000 anterior cruciate ligament (ACL)
reconstructions are performed every year.24 When plan-
ning for ACL reconstruction, graft choice is a critical deci-
sion that should be discussed with the patient before
surgery. Although many factors affect outcomes after ACL
reconstruction, graft choice is one factor that has been stud-
ied in depth, as it is an easily modifiable surgical factor that
may directly affect outcomes such as re-rupture rate,
return to sports, donor-site morbidity, and risk of future
osteoarthritis. The 2 most commonly used autografts are
the bone–patellar tendon–bone (BTB) graft, which is

harvested from the middle third of the ipsilateral patellar
tendon, and the hamstring graft, which is harvested from
the semitendinosus and gracilis tendons.2,5 When compar-
ing BTB grafts with hamstring grafts, there is no clearly
superior choice. Each graft carries with it a unique perfor-
mance profile of which the pros and cons should be weighed
with the patient through shared decision making. For
example, BTB autografts are the historical gold standard
and offer a higher rate of return to sport, with some studies
demonstrating a lower failure rate compared with ham-
string autografts.5,19 However, BTB grafts carry significant
donor-site morbidity, such as anterior knee pain or pain
while kneeling.26 Although the risks and benefits of each
graft type extend beyond these few listed parameters, the
process of synthesizing complex, evidence-based literature
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to evaluate outcome probabilities in a way that is easy to
understand is a crucial element of shared decision making.6

During this process, taking the time to understand patient
values and preferences can help ensure that the goals of the
surgeon properly align with the goals of the patient.

Although each patient presents a unique set of circum-
stances, understanding how the outcome preferences of
patients correlate with specific treatment regimens may
help bridge the gap between evidence-based medicine and
patient-centered care. The discrete choice experiment is a
commonly used method of eliciting patient preferences.20 In
this type of experiment, participants are given a set of data
points and asked to state their preferences.20 For example,
Hutyra et al10 surveyed a cohort of patients with osteoar-
thritis of the knee and presented them with a discrete
choice experiment designed to evaluate their preferences
for unicompartmental knee arthroplasty versus total knee
arthroplasty. To do this, they provided patients with out-
come data on factors such as complication risk, functional
ability, awareness of knee implant, and revision rate.
Patients were then asked to state their preferences based
on the data points provided.10

Discrete choice experiments are advantageous because,
by taking a realistic situation and asking participants to
perform a risk-benefit analysis, they enable researchers
to effectively quantify the decision-making process.20

Although there are many factors that play a role in deter-
mining success after ACL reconstruction, graft choice is a
significant part of the decision-making process. Further-
more, asking patients to assign a quantifiable value to
potential surgical outcomes is profoundly important; as
new data come to light and better fixation techniques or
grafts become available, studies such as these, which shine
a light on patient preferences, may allow surgeons to opti-
mize patient care by aligning high-quality data with the
goals of individual patients.

The purpose of this study was to perform a discrete choice
experiment to evaluate patient preferences with regard to
ACL graft choice. We hypothesized that there would be no
difference in patient preferences between groups.

METHODS

Study Population

Institutional review board approval was obtained prior
to initiation of the study. Patients undergoing ACL

reconstruction were not included as the primary study
population because physician counseling during the perio-
perative period would likely have influenced the responses
to the discrete choice experiment. As such, to survey a
population that broadly approximated the age range at
which the peak incidence of ACL tears occurred, patients
aged 18 to 25 years who underwent shoulder arthroscopy
(Current Procedural Terminology codes 29806, 29807, and
29822) at our institution between 2013 and 2019 were
included in the study as a proxy for healthy controls. All
patients were surveyed �2 years after they underwent
shoulder surgery.

Literature Review

The first step in creating the discrete choice experiment
was to perform a comprehensive literature review. This
was done by searching “anterior cruciate ligament
reconstruction” in combination with terms such as “return
to sport,” “revision,” and “infection.” Inclusion criteria
included (1) prospective randomized controlled trials or
meta-analyses of randomized controlled trials, (2) pub-
lished in 2015 or later, and (3) directly comparing BTB to
hamstring autograft. Thirteen studies met the inclusion
criteria.k Data regarding sample size, follow-up duration,
and postoperative outcomes were compiled from these 13
studies. Notably, only autograft data were included, as this
type of graft is most commonly used in the young, athletic
population broadly approximated by our survey
population.12,23

After this initial phase, 3 experts (fellowship-trained aca-
demic sports medicine orthopaedic surgeons, F.P.T., S.B.C.,
K.B.F.) reviewed the studies and selected data points to
include in the survey based on clinical expertise, study
quality, and sample size. The experts agreed on the follow-
ing 4 key decision-making variables to include in the sur-
vey: (1) risk of developing a significant complication
(defined by Rousseau et al17 as infection or thromboembo-
lism) within 3 months, (2) return-to-play (RTP) rate, (3)
risk of developing pain while kneeling, and (4) risk of addi-
tional surgery because of graft failure. Table 1 lists the
studies that were selected based on their representation
of these outcome parameters. We used in the survey those
studies with the highest level of evidence included in our
literature search for each reported outcome of interest. If
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�2 included studies with a similar level of evidence pro-
vided data on the same variable, the data from the study
with the largest sample size was used in the survey.

Data Collection

Patients meeting the inclusion criteria were contacted via
REDCap (Vanderbilt University)7,8 to complete a custom
survey. Demographic variables such as age, sex, race, and
body mass index (BMI) were collected from patient medical
records. In the survey, patients were asked about their
involvement in sport, level of education, employment sta-
tus, and history of ACL tear. Patients were then given the
discrete choice experiment, in which they were presented
with a table comparing “surgery A” with “surgery B” with
respect to the 4 decision-making variables gathered from
our initial literature review (Figure 1). Patients were
asked, “Based on the following information, if you were to
tear your ACL and required surgery to fix it, would you
prefer to get surgery A or surgery B?” Surgery A corre-
sponded to outcomes after ACL reconstruction using a ham-
string graft, and surgery B corresponded to the outcomes
after ACL reconstruction with a BTB graft.

Patients were instructed to rate each of the 4 variables as
not important at all, somewhat important, important, very
important, or extremely important. Finally, they were
asked whether they would choose to undergo their selected
procedure if they were given the option. The full survey can
be found in the Appendix.

Statistical Analysis

All continuous data were analyzed using Mann-Whitney U
tests, and categorical data were analyzed using chi-square
tests. The possible responses to the decision-making ques-
tions were consolidated into binomial variables, in which
the responses not important at all, somewhat important,
and important were grouped and labeled as “less
important” and the responses very important and extremely
important were grouped and labeled as “highly important.”
When analyzing these decision-making variables, we per-
formed Poisson regression analysis to control for age, sex,
and BMI. The statistical analyses were conducted utilizing
R Studio (Version 3.6.3, Vienna, Austria).

A post hoc power analysis generated a sample size of 182.

RESULTS

Overall, 118 patients agreed to participate in the study.
Eleven patients reported a history of ACL tear and were
excluded from the analysis, leaving 107 patients who met
the inclusion criteria. Of those, 39 (36.45%) chose surgery A
(hamstring) and 68 (63.55%) chose surgery B (BTB). There
was no significant difference between the groups in age,
race, sex, BMI, level of education, or employment status.
Among the patients who reported that they were currently
employed, there was no significant difference in the num-
ber who self-reported working a physically demanding job.
However, the number of individuals who reported that they
currently play or participate in a sport differed significantly
between groups. Of the 41 self-reported athletes, 8 (19.5%)
chose surgery A (hamstring) and 33 (80.5%) chose surgery
B (BTB) (P ¼ .008). Among this subgroup of athletes, there
was no difference in the number of individuals reporting
participation in a contact sport (P � .999). Table 2 presents
complete patient descriptive characteristics.

When comparing the importance of each variable from
the discrete choice experiment, we found significant differ-
ences between groups. Patients from the BTB group were
more likely to rate the risk of graft failure requiring revi-
sion (P ¼ .002) and the rate of RTP (P < .001) as highly
important. Individuals from the hamstring group were

TABLE 1
Characteristics and Key Findings of the Included Studiesa

Lead Author (Year) Study Design Sample Size Follow-up Key Finding

Rousseau (2019)17 Prospective cohort study 811 patients 2 y General complications: 4.8% (hamstring), 7%
(BTB)

DeFazio (2020)5 Meta-analysis 20 studies (2348
athletes)

Minimum 1 y Return-to-sport rate: 70.6% (hamstring), 81%

(BTB)
Zhao (2020)26 Meta-analysis of randomized

controlled trials
15 RCTs (1298

patients)
5-18 y Postoperative kneeling pain: 21% (hamstring),

27.7% (BTB)
Kaeding (2015)11 Prospective cohort study 2683 patients 2 y Graft failure rate: 4.6% (hamstring), 3.2% (BTB)

aBTB, bone–patellar tendon–bone; RCT, randomized controlled trial.

Figure 1. Discrete choice experiment provided to patients in
the survey. Patients were asked, “Based on the following
information, if you were to tear your ACL and required surgery
to fix it, would you prefer to get surgery A or surgery B?” ACL,
anterior cruciate ligament.
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more likely to rate the risk of developing a significant com-
plication within 3 months (P ¼ .001) and the risk of devel-
oping pain while kneeling (P < .001) as highly important
(Table 3).

Results from the Poisson regression analysis indicated
that patients from the BTB group were more likely to rate
RTP (risk ratio [RR] ¼ 1.49 [95% CI, 1.18-1.98]; P ¼ .001)
and revision (RR ¼ 1.26 [95% CI, 1.02-1.58]; P ¼ .037) as
more important. Conversely, they were less likely to rate
pain while kneeling (RR ¼ 0.65 [95% CI, 0.98-1.05];
P < .001) and complication risk (RR ¼ 0.75 [95% CI, 0.59-
0.94]; P ¼ .013) as important (Table 4).

Finally, the percentage of patients who answered “yes” to
the question, “If given the option, would you choose to
undergo this procedure?” did not significantly differ
between groups. Among patients in the BTB group, 95.6%
said that they would be willing to undergo their selected
procedure, compared with 87.2% of the patients in the ham-
string group (P ¼ .138).

DISCUSSION

The primary finding of this study was that patients who
preferred BTB autograft were more likely to rate the risk
of additional operation because of graft failure and the RTP
rate as highly important, whereas individuals who pre-
ferred hamstring autograft were more likely to rate the risk
of developing pain while kneeling and the risk of developing
a significant complication within 3 months as highly impor-
tant when controlling for age, sex, and BMI. The risk ratio
from the return-to-sport variable was particularly striking,
as patients from the BTB group were 49% more likely to
rate RTP as highly important. Because significant differ-
ences between groups in patient preferences were found,
the hypothesis was rejected.

Discrete choice experiments examining patient prefer-
ences in the setting of orthopaedic procedures have been
studied previously in the orthopaedic literature. A discrete
choice experiment by Hutyra et al10 sought to evaluate
patient decision making in the setting of knee arthroplasty.
However, the methodology of the study differed from that of
the present study in several key ways. First, they surveyed
patients with osteoarthritis of the knee who were consid-
ered potential future candidates for knee arthroplasty. Sec-
ond, they divided patients into 2 cohorts (based on Oxford

TABLE 2
Comparison of Patient Characteristics Between the Study

Groupsa

Surgery A
(Hamstring;

n¼ 39)
Surgery B

(BTB; n¼ 68) P

Age, y 27.2 ± 2.80 26.3 ± 3.58 .171
Race .943

White 35 (89.7) 58 (85.3)
Asian 1 (2.56) 2 (2.94)
Black 1 (2.56) 1 (1.47)
Not reported/unknown 2 (5.13) 5 (7.35)
Multiple 0 (0.00) 2 (2.94)

Sex .872
Male 25 (64.1) 46 (67.6)
Female 14 (35.9) 22 (32.4)

Body mass index 25.0 ± 5.10 26.3 ± 4.42 .195
Currently play a sport .008

No 31 (79.5) 35 (51.5)
Yes 8 (20.5) 33 (48.5)

Currently play a contact sport >.999
No 5 (62.5) 18 (54.5)
Yes 3 (37.5) 15 (45.5)

Highest level of education .325
High school 5 (12.8) 15 (22.1)
College 25 (64.1) 34 (50.0)
Graduate school 9 (23.1) 19 (27.9)

Employment status .409
Full-time 35 (89.7) 52 (76.5)
Part-time 2 (5.13) 6 (8.82)
Unemployed 2 (5.13) 9 (13.2)
Retired 0 (0.00) 1 (1.47)

Physically demanding
employment

.465

No 20 (54.1) 37 (63.8)
Yes 17 (45.9) 21 (36.2)

aData are reported as n (%). Boldface P value indicates a sta-
tistically significant difference between groups (P < .05). BTB,
bone–patellar tendon–bone.

TABLE 3
Importance of Outcome Factors in Patient Decision

Makinga

Surgery A
(Hamstring;

n ¼ 39)
Surgery B

(BTB; n ¼ 68) P

Return-to-play rate < .001
Less important 32 (82.1) 26 (38.2)
Highly important 7 (17.9) 42 (61.8)

Risk of revision surgery .002
Less important 27 (69.2) 25 (36.8)
Highly important 12 (30.8) 43 (63.2)

Kneeling pain < .001
Less important 11 (28.2) 59 (86.8)
Highly important 28 (71.8) 9 (13.2)

Risk of complication .001
Less important 20 (51.3) 57 (83.8)
Highly important 19 (48.7) 11 (16.2)

aData are reported as n (%). Boldface P values indicate a sta-
tistically significant difference between groups (P < .05). BTB,
bone–patellar tendon–bone.

TABLE 4
Results of Poisson Regression Analysis Using “Surgery B”

as the Reference Value

Risk Ratio (95% CI) P

Return-to-play rate 1.49 (1.18-1.98) .001
Risk of revision surgery 1.26 (1.02-1.58) .037
Kneeling pain 0.65 (0.98-1.05) <.001
Risk of complication 0.75 (0.59-0.94) .013
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Knee Scores) before survey administration: a “good
function” cohort and a “poor function” cohort. This was done
to assess the effect of current knee function on the decision-
making process. Overall, the purpose was to determine
what factors were important for patients when deciding
between total knee arthroplasty and unicompartmental
knee arthroplasty, and the authors concluded that compli-
cation and revision rates were the most important factors to
patients in both cohorts. However, patients in the good
function cohort tended to prefer unicompartmental knee
arthroplasty, and patients in the poor function cohort
tended to prefer total knee arthroplasty.10

Although our study surveyed a population that served as
a proxy for healthy controls and did not divide participants
based on functional status, the results strongly suggest
that patient preferences may play a larger role in ACL graft
choice selection than in knee arthroplasty selection.
Although the decision-making process for ACL graft choice
is multifactorial, this study shows that participation in
sport may play a large part in graft decision making and
that patient preferences differ based on the treatment
option of choice. Surgeon preferences are heavily predictive
of the graft used,15 but patient preferences may not align.

A recent meta-analysis by DeFazio et al5 pooled data
from 20 articles studying a total of 2348 athletes and found
that RTP rates were higher in patients who received a BTB
graft than in those who had received a hamstring graft.
Furthermore, a study by the Multicenter Orthopaedic Out-
comes Network Knee Group analyzed revision rates in ath-
letes specifically and found that within a cohort of 839 high
school and college-aged athletes, patients who received a
BTB graft were less likely to require a revision than
patients who received a hamstring graft (7.1% vs
13.0%).15 Interestingly, this study also evaluated the vari-
ables predictive of graft choice during primary reconstruc-
tion. Surgeon preference had, by a large margin, the
strongest influence on graft choice (a finding that was also
demonstrated by Salminen et al18). Other variables that
were studied included competition level, age, high-grade
knee laxity, BMI, baseline Marx, sex, and sport.15 Interest-
ingly, patient goals or values were not analyzed. The impor-
tance of these findings is highlighted by the findings from
the present study, as 81% of all self-reported athletes
expressed a preference for the BTB graft; this can likely
be attributed to the fact that these patients highly valued
RTP as an outcome parameter.

Patients who expressed a preference for the hamstring
graft tended to value the fact that this option offered a
lower risk of developing pain while kneeling.26 Given the
relatively small number of athletes in this group, this out-
come suggests that nonathletes may tend to value pain-
free, quality-of-life metrics instead of return-to-sport or
revision rates. Given these differences, athletes (including
recreational athletes) and nonathletes should be thor-
oughly counseled on the outcome variables that they are
most likely to value. In athletes, these factors may include
return-to-sport rate, and in nonathletes, this may include
quality-of-life factors such as the risk of developing pain
while kneeling.

Despite the differences that existed between the ham-
string group and the BTB group, it is worth noting that
many descriptive variables, such as age, sex, BMI, race,
level of education, and employment status, did not signifi-
cantly differ between groups. These findings suggest that
the previously discussed variables are applicable to a broad
population. In addition, excluding individuals with a his-
tory of ACL tear was crucial because it is possible that
patient counseling during the perioperative period may
have biased patient preferences. After sustaining an actual
ACL tear, these patients likely had a different perspective
on the discrete choice experiment than patients with no
history of ACL injury.

The current paucity of literature on patient graft choice
preferences highlights a need for further research. Previ-
ous studies have demonstrated that surgeon preference is
the strongest factor when deciding what type of graft to use
for ACL reconstruction,15,18 but little work has been done to
highlight how patient goals and values may be associated
with specific treatment options. To our knowledge, there
has not been a study that weighs patient preferences to
determine which outcome parameters specific patient
groups are most interested in. This study demonstrates
that summarizing the current body of literature into sev-
eral key data points might provide an opportunity to more
decisively elucidate patients’ preference of graft choice,
thus strengthening the connection between evidence-
based medicine and patient-centered care. Although there
is no clear-cut algorithm for this, understanding patient
values and goals for surgery can assist surgeons in making
decisions that are most beneficial to patients. The larger
question is determining whether graft preference is a fixed
value or whether it changes over time or when patients are
confronted with an actual ACL injury. Further research
will help to define these trends.

Strengths and Limitations

One strength of this study is its relatively large sample size.
However, the study also has several limitations. First, pre-
vious studies have documented a significantly higher inci-
dence of ACL tears in women than in men.16,22 However,
66.4% of the participants in our study were male. This was
likely reflective of the demographics of the patient popula-
tion that was surveyed (Current Procedural Terminology
codes 29806, 29807, and 29822). Within the age range of
interest, shoulder arthroscopy tends to be performed more
frequently in male patients.4 Second, choosing a graft for
ACL reconstruction is a complex decision, during which
multiple patient-specific factors should be weighed. Consol-
idating this information into a table for use in the discrete
choice experiment may represent an oversimplification.
However, we did this deliberately to ensure that as many
patients as possible found the table easy to understand,
regardless of the level of health literacy. To this point,
although we included studies with a high level of evidence
as the basis of our discrete choice experiment, there are
certain topics for which the data are still poorly defined in
the literature. In addition, patients might have had a diffi-
cult time interpreting the implications of minor differences
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in probability toward an adverse outcome. Another limita-
tion is that this study assumes that all surgeons are equally
comfortable with multiple techniques, whereas this may
not always be the case. Finally, we chose to survey patients
aged 18 to 25 years undergoing shoulder arthroscopy who
were �2 years removed from surgery as a proxy for healthy
controls, but unidentified variables within this population
might have biased the results. For example, there is the
potential for bias depending on the patients’ operative
experience.

CONCLUSION

The study hypothesis was rejected, as patient values did
affect the preference for ACL graft choice. Using patient-
selected values in a quantifiable way can benefit the shared
decision-making process before ACL reconstruction.
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APPENDIX
Study Surveya

1. Do you currently play or regularly participate in a sport?
(a) Yes
(b) No

2. What sport do you play?
(a) Baseball
(b) Basketball
(c) Cross-country
(d) Field hockey
(e) Football
(f) Golf
(g) Gymnastics
(h) Hockey
(i) Lacrosse
(j) Rowing
(k) Soccer
(l) Swimming
(m) Track and field
(n) Volleyball
(o) Wrestling
(p) Other

3. Is this a contact sport?
(a) Yes
(b) No

4. What level of sport do you currently participate in?
(a) Recreational
(b) High school
(c) College
(d) Semiprofessional
(3) Professional

5. What is the highest level of sport that you can realistically see yourself participating in?
(a) Recreational
(b) High school
(c) College
(d) Semiprofessional
(e) Professional

6. What is the highest level of education that you have completed?
(a) Elementary school
(b) High school
(c) College
(d) Graduate school

7. Which of the following most accurately represents your employment status?
(a) Full-time (�40 hours per week)
(b) Part-time (<40 hours per week)
(c) Not employed
(d) Retired

8. Do you consider your job to be physically demanding?
(a) Yes
(b) No

9. Have you ever torn your ACL?
(a) Yes
(b) No
(c) Unsure

(continued)
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APPENDIX (continued)

Please answer the following questions even if you have never had a knee injury

10. Based on the following information, if you were to tear your ACL and required surgery to fix it, would you prefer to get surgery A or surgery B?
(a) Surgery A
(b) Surgery B

11. How important was the risk of developing a significant complication at 3 months in your decision-making process?
(a) Not important at all
(b) Somewhat important
(c) Important
(d) Very important
(e) Extremely important

12. How would you rate the importance of being able to return to sport in your decision-making process?
(a) Not important at all
(b) Somewhat important
(c) Important
(d) Very important
(e) Extremely important

13. How important was the risk of developing pain while kneeling in your decision-making process?
(a) Not important at all
(b) Somewhat important
(c) Important
(d) Very important
(e) Extremely important

14. How important was the risk of requiring an additional surgery due to failure of the initial ACL repair in your decision-making process?
(a) Not important at all
(b) Somewhat important
(c) Important
(d) Very important
(e) Extremely important

15. If given the option, would you choose to undergo this procedure?
(a) Yes
(b) No

aACL, anterior cruciate ligament.
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