
Anterior cruciate ligament (ACL) reconstruction is being
performed with increasing frequency in the United States
as approximately 200 000 ACL injuries occur each year.13

With the increasing interest in sports participation and
physical fitness throughout adult life, as well as more
intense sports involvement at the pediatric level, the num-
ber of ACL injuries—and reconstructions—is likely to con-
tinue to grow.

The ACL has been acknowledged to consist of 2 distinct
functional bundles—the anteromedial and posterolateral—
since at least 1938,24 but reconstruction techniques have
traditionally focused on re-creating 1 bundle of the ACL, to
effectively act as a checkrein to anterior tibial translation
and tibial rotation. Recently, there has been growing inter-
est in double-bundle (DB) reconstruction to improve out-
comes after ACL surgery. The benefits of the DB technique
are thought to be more exact reproduction of knee kine-
matics and rotational stability,25,26,34,36 potentially leading
to a lower rate of revision surgery and possibly reducing the
risk of developing osteoarthritis over the long term.
A number of recent biomechanical19,34,35 and clinical stud-

ies6,20,25,26,30 have compared the DB-ACL reconstruction with a
traditional single-bundle (SB) ACL reconstruction technique.
While biomechanical data suggest that the DB reconstruction
has some advantages over SB reconstruction,19,34,35 the limited
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clinical evidence, to date, has not shown a clear difference in
terms of significant objective and/or subjective outcome meas-
ures between the 2 techniques.6,20,25,26,30 In the increasingly
cost-conscious healthcare environment, new technologies and
techniques may face economic as well as clinical scrutiny, par-
ticularly in the absence of any demonstrated clinical benefit. It
was our hypothesis that the DBmethod would add significant
potential cost, independent of surgeon expertise or other vari-
ables, due to the extra hardware and number of grafts neces-
sitated by this method. Therefore, the purpose of this study
was to assess the cost implications of transitioning from SB-
ACL reconstruction to the DB technique.

METHODS

A cost accounting net present value model was used to per-
form a cost minimization analysis of the implications of
transitioning to DB-ACL reconstruction (Table 1). Our
model includes assumptions about the number of ACL
reconstructions, the percentage of ACL reconstructions per-
formed using a DB versus an SB, the cost of allograft tissue
for ACL reconstruction, the cost of fixation devices, the per-
centage and timing of revision surgery, the cost of revision
surgery, and the discount rate for future expenditures.
Based on these assumptions, the model calculates the addi-
tional cost at the time of ACL reconstruction using the DB
technique compared to the SB technique. The model then
calculates the present value of the savings generated if the
DB technique reduces the revision rate compared with the
SB technique. The present value of a future revision (based
on the mean time to revision) is multiplied times the num-
ber of revisions (based on the assumed revision rate) saved
with the DB technique compared with the SB technique.
The reduction in revision rate necessary to offset the
increased upfront costs is calculated for each scenario.
We used a cost minimization model due to the complete

lack of clinical utility data on DB reconstruction and the
lack of clear demonstrated clinical differences between SB
and DB reconstruction to date.We reviewed public and pri-
vate data sources to determine the number of ACL recon-
structions performed in the United States on an annual
basis and the costs associated with surgical implants and

allografts. We assumed that 200 000 ACL reconstructions
occur in the United States per year.11,13

We ran the cost model under 5 progressive scenarios
depending on the percentage of ACL reconstructions con-
verted to the DB technique and the number of allografts
used. The first scenario assumed that 50% of ACL recon-
structions were converted to DB reconstruction using 1 addi-
tional method of fixation. For the purposes of this study, we
based our calculations on the use of the EndoButton device
(Smith & Nephew, Andover, Maryland) for femoral fixation
and 1 additional metal tibial interference screw compared to
an SB reconstruction. This scenario assumes the use of auto-
genous tissue only for DB reconstruction. The second sce-
nario also assumed 50% conversion to the DB technique, and
that a DB reconstruction would require 1 additional
EndoButton, 1 additional metal interference screw, and the
cost of an additional 30 minutes of operating room time com-
pared to an SB-ACL reconstruction. Thirty minutes was cho-
sen as a conservative estimate of the mean increase in
operative time necessitated by the DB technique taking into
consideration the learning curve involved with this method.
The third scenario also assumed 50% conversion to the DB

technique, and that a DB reconstruction would require one
additional EndoButton, 1 additional metal interference screw,
and 1 additional soft tissue allograft (tibialis anterior) com-
pared to an SB-ACL reconstruction. Under the fourth sce-
nario, also assuming 50% conversion to the DB technique, the
cost of 2 soft tissue tibialis anterior allografts plus similar
proximal and distal fixation was added for the DB technique.
The final scenario assumed that 100% of ACL reconstruc-

tions were performed with the DB technique and added the
cost of an additional 30 minutes of operating time as well as
2 tibialis anterior allografts and proximal and distal fixation.
We used actual costs (in 2008 US dollars) from our insti-

tution (an academic medical center in the central United
States) (Table 2). We reviewed the actual hospital costs for
all ACL revision surgeries during the latest 2-year period
with data available for the 2 senior authors (R.W.W.,M.J.M.)
(composed predominantly of a mix of SB bone-patellar ten-
don-bone [BTB] allografts and contralateral BTB auto-
grafts). We had complete cost information available for 42 of
44 ACL revisions performed during this period. The mean
cost per revision, including surgeon and anesthesiologist
fees, for these 42 cases was $21 429.04 ± $5836.28, and the
median cost per revision was $20 501.93. The range of cost
per revision was $14 420.72 to $51 211.13.We elected to use
$20 000 per revision as the cost estimate for our model.
Based on a systematic review of the literature regarding

TABLE 1
The Cost Model Used for All Calculationsa

X (cost differential) = XDB – (XDBR – XSBR )
XDB = Additional cost of DB technique = Number of ACL
reconstructions × Percentage converted from SB to DB technique ×
Additional cost per DB surgery

XDBR – XSBR = Savings from reduction in revision rate with DB
versus SB technique

XDBR = No. ACL reconstructions converted to DB technique ×
Revision rate DB × Cost DB revision (present value $20 000 plus
additional cost DB technique discounted 4 years at 5% per year)

XSBR = Number of ACL reconstructions converted to DB technique
× Revision rate SB technique × Cost SB revision (present value
$20 000 discounted 4 years at 5% per year)

aDB, double-bundle; DBR, double-bundle reconstruction; SBR,
single-bundle reconstruction; SB, single-bundle; ACL, anterior
cruciate ligament.

TABLE 2
Cost Assumptions Based on Current
Data From the Authors’ Institutiona

Item Cost

Revision ACL reconstruction $20 000
Tibialis anterior allograft $1500
30 minutes’ OR time $600
EndoButton $220
Metal interference screw $142

aACL, anterior cruciate ligament, OR, operating room.
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outcome of arthroscopic SB-ACL reconstructions using
accepted graft insertion sites and modern fixation meth-
ods,29 we assumed a revision rate of 4% for the SB tech-
nique. The estimated time to revision surgery was set at 4
years, based on the mean time to revision from the available
literature on revision ACL surgery.† For all 5 scenarios, we
assumed that revision of DB-ACL reconstructions would
also use the DB technique and require the use of 2 tibialis
anterior allografts. Therefore, we added the appropriate
costs to DB revision surgery.We estimated that revision of a
DB reconstruction would also occur at an average of 4 years
after the index surgery due to the fact that there are cur-
rently no published data on revision of DB reconstructions.
The costs of revision surgeries were converted to a present-
day value using a 5% discount rate.
We calculated the additional upfront costs associated with

the DB reconstruction under each of the 4 scenarios.We then
calculated the reduction in the rate of revision surgery after
DB reconstructions that would be necessary to offset the addi-
tional upfront cost of this technique. Finally, as a sensitivity
analysis, we ran the scenarios under different assumptions
regarding the discount rate (10%), mean time to revision sur-
gery (2 years), and cost of revision surgery ($40 000).

RESULTS

The DB technique was found to significantly increase the
cost of ACL reconstruction (Table 3). In scenario 1, assuming

only half of all ACL reconstructions were done with the DB
technique (added cost of only 1 proximal and 1 distal fixa-
tion device) there will be $36.2 million per year in addi-
tional direct costs. To offset the added cost under these
assumptions, the DB technique would have to reduce the
revision rate from 4% to 1.5%. Under scenario 2 with the
cost of 30 minutes’ additional operating room time per case
plus the cost of additional fixation, $96.2 million in cost is
added each year. This cost would be offset by a reduction in
the revision rate from 5.9% to 0%.Adding the cost of 1 allo-
graft (scenario 3) and converting to the DB technique for
half of all ACL reconstructions will increase surgical costs
$186.2 million per year. The revision rate would have to
drop from 11.4% with the SB technique to 0% with the DB
technique to offset this increase in cost. Including the cost
of 2 soft tissue allografts plus fixation for each DB recon-
struction (scenario 4) leads to an increase of $336.2 million
in annual costs. The revision rate would have to drop from
20.5% to 0% to offset this increase in cost. Finally, includ-
ing the cost of distal and proximal fixation, 2 allografts,
and an additional 30 minutes of operative time for the DB
technique and assuming 100% adaptation of the DB tech-
nique (scenario 5), there is an increase in costs of $792.4
million per year. This would require a reduction in the revi-
sion rate from 24.1% to 0% to be cost neutral.
Varying our assumptions did not change the overall

effect of our analysis (Table 4). Higher discount rates
require a more significant reduction in the revision rate to
offset the higher cost of the DB technique. Even under the
assumption that revisions cost $40 000, the DB technique
still has to generate significant reductions in the revision
rate to offset the higher initial costs.

TABLE 3
Cost Implications of Adopting DB Reconstruction Techniquea

Additional Cost

% Conversion Per Reduction in Revision Rate Necessary
Scenario (additional costs included in model) From SB → DB Surgery Total to Offset Increased Cost

1- Additional proximal and distal fixation 50% $362 $36.2 million 4% → 1.5%
2- Scenario 1 + 30 minutes’ extra operating room time 50% $962 $96.2 million 5.9% → 0%
3- Scenario 1 + 1 allograft 50% $1862 $186.2 million 11.4% → 0%
4- Scenario 1 + 2 allografts 50% $3362 $336.2 million 20.5% → 0%
5- Scenario 3 + 30 minutes’ extra operating room time 100% $3962 $792.4 million 24.1% → 0%

aSB, single-bundle ACL reconstruction; DB, double-bundle ACL reconstruction.

TABLE 4
Sensitivity Analysis

Reduction in Revision Rate Necessary to Offset Increased
Cost Under Different Assumptions From the Base Model

Scenario (additional costs included in model) 10% Discount Rate 2 Years to Revision Cost of Revision $40 000

1- Additional proximal and distal fixation 4% → 1.1% 4% → 1.7% 4% → 2.6%
2- Scenario 1 + 30 minutes’ extra operating room time 7.1% → 0% 5.4% → 0% 3% → 0%
3- Scenario 1 + 1 soft tissue allograft 13.7% → 0% 10.3% → 0% 5.7% → 0%
4- Scenario 1 + 2 soft tissue allografts 24.7% → 0% 18.6% → 0% 10.3% → 0%
5- Scenario 3 + 30 minutes’ extra operating room time 29.1% → 0% 21.9% → 0% 12.1% → 0%

†References 2, 3, 7, 10, 12, 14, 15, 21-23, 27, 31, 32
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DISCUSSION

This study confirms that DB-ACL reconstruction has the
potential of adding considerable cost to the healthcare sys-
tem for no demonstrated clinically relevant benefit to date.
Even if orthopaedic surgeons could perform a DB recon-
struction without adding any operative time compared
with the SB technique, converting to widespread use of the
DB technique has the potential to add hundreds of millions
of dollars in direct cost to the healthcare system. To offset
this added cost, the DB technique would need to drasti-
cally reduce the rate of revision surgery. While the rate of
revision surgery after SB-ACL reconstruction has been
reported to vary from 1.5%5 to 23%1 in the literature, sys-
tematic reviews usually put this rate at 5% or less.8,29 The
potential added clinical benefit of the DB technique is
unlikely to reduce this rate enough to offset the costs of
widespread conversion to the DB reconstruction.
Some recent studies have questioned whether DB recon-

struction offers an advantage over the SB technique.A recent
study of computer-navigated ACL reconstruction in 20 male
subjects reported no difference in anteroposterior tibial dis-
placement and internal and external rotation of the tibia
between SB and DB reconstruction using autologous ham-
string grafts.6 If the in vivo kinematic differences between SB
and DB reconstructions are shown to be negligible, the DB
technique is unlikely to reduce the rate of revision surgery
enough to justify the additional cost of this technique.
Furthermore, it is unlikely the DB technique could reduce the
revision rate to 0 for ACL reconstruction considering the mul-
tiple causes of graft failure, including the risk of additional
trauma and the failure of graft incorporation.The model does
not include the possibility of an increased rate of revision dur-
ing the learning curve for this technique as surgeons convert
to the DB method, which could drive costs even higher.
However, this is likely to be a temporary effect that will lessen
over time as themajority of surgeons becomemore adept with
the DB technique.A recent prospective series of 100 DB-ACL
reconstructions reported a failure rate of 8% and a revision
rate of 7% at 2-year follow-up.9 These data suggest that the
DB technique may not be able to offset the increased cost of
implants and allografts by reducing the revision rate, even in
the hands of a surgeon experienced with this technique.
One potential advantage of the DB technique could be a

reduction in the development of osteoarthritis after recon-
struction as a result of improved knee kinematics and
decreased rotational instability. Several studies suggest that
SB reconstruction does not reduce the risk for osteoarthritis
after ACL injury.4,16,18,33 A recent study with 11-year follow-
up after ACL injury reported a 42% incidence of osteoarthri-
tis in patients who underwent SB-ACL reconstruction
compared with a 24% incidence of osteoarthritis in patients
who were treated nonoperatively.16 If DB reconstruction
results in superior functional knee stability and knee kine-
matics such that the risk for meniscal injury, chondral dam-
age, and subsequent osteoarthritis is reduced, the technique
could be worth the additional cost. Thus far, there is no long-
term proven clinical benefit of this method over the SB tech-
nique in terms of either return to sports or a reduced rate of
osteoarthritis.The cost analysis may not change significantly
since a reduced rate of morbidity and need for a total knee

replacement over a 10- to 20-year horizon does not generate
significant cost savings due to the large economic discount
applied to longer term cost savings.This would require a sep-
arate analysis taking into consideration other factors such as
the cost of conservative treatment of osteoarthritis, the cost
of implants,medical co-morbidities, and other, as yet, uniden-
tified treatment methods for osteoarthritis that may reduce
the need for total knee replacement.
Another important issue is that the DB technique may

be beneficial in specific patient cohorts. In a retrospective
case series review of primary ACL reconstructions using a
tibialis anterior allograft, Singhal et al28 reported a 35%
rate of revision surgery in patients age 25 and younger
compared with a 13% revision rate in patients older than
age 25. In young patients playing contact, pivoting sports
with a high risk of rerupture, the DB technique may prove
to be cost effective, assuming the technique can be shown
to reduce the risk for revision surgery. As of yet, there is no
literature specifically addressing this issue.
A major limitation of this study is the necessity of mak-

ing assumptions regarding cost, hardware used, added
operative time, rate of revision, and time to revision. All
assumptions were made as conservatively as possible with
regard to the added cost of DB reconstruction. For exam-
ple, the model ignores many secondary costs of ACL revi-
sion surgery such as physical therapy and time loss from
work. The sensitivity analysis demonstrates that the
results are robust to variance in these underlying assump-
tions. A number of unknowns that could have large impli-
cations for this analysis were excluded, however, because
they could be construed as too speculative. For example,
revision of DB reconstruction could be more likely to
require a 2-stage revision for large bone defects if osteoly-
sis is more likely and/or more substantial with 2 tunnels,
particularly if the original tunnels were placed incorrectly.
Another issue that may affect results from DB reconstruc-
tion relates to the concern over higher failure rates
with allograft reconstructions.17,28 It is unclear how the use
of allograft versus autograft will affect the clinical outcome
of DB reconstructions. Secondly, less expensive methods of
graft fixation could have been used in our calculations (ie,
simple screw and washer for proximal fixation) rather
than the method we used (the EndoButton device).
However, this less expensive hardware is not currently
used by proponents of the method, and it is associated with
its own technical concerns such as a larger lateral incision
that may make it a less appealing option. Thirdly, the cost
assumptions were made without regard to insurance dis-
counts and other issues influenced by third-party payers.
We based this economic analysis on 2008 actual costs
derived directly from the tissue banks and implant compa-
nies our hospital system uses without regard for preferred
rates or other factors influenced by volume-derived dis-
count pricing. The actual charges assumed by a patient (or
insurance carrier) for a DB reconstruction may, in actual-
ity, be less. However, this variable would equally affect
both SB and DB reconstruction costs, and therefore, would
not change the fact that the DB method markedly
increases the economic burden to the healthcare system.
This study is not intended to diminish the importance of

evaluating the DB technique of ACL reconstruction or the
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growing emphasis on anatomic ACL reconstruction. Nor
should it suggest that cost should be the primary motivation
for or means of assessing new orthopaedic devices or proce-
dures. However, the results of this cost analysis support the
conclusion that DB reconstruction should not be accepted as
the new standard for ACL surgery without evidence of better
kinematic and clinical results. Evaluation of DB-ACL recon-
struction should be performed as part of prospective, con-
trolled trials assessing validated outcome measures in
addition to cost comparisons. In the increasingly cost-con-
scious healthcare environment, there is a responsibility to
practice cost-effective medicine. The use of more expensive
techniques without evidence of better results is not in the best
interest of the patient or the healthcare system.While further
research is warranted to determine if there are other benefits
from this technique, widespread adoption of DB-ACL recon-
struction does not appear to be cost-effective at this time.
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