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Abstract
The Multicenter Anterior Cruciate Ligament (ACL) Revision Study (MARS) group was formed to
study a large cohort of revision ACL reconstruction patients. The purpose of this subset analysis
study of the MARS database is to describe specific details of femoral tunnel malposition and
subsequent management strategies that surgeons chose in the revision setting. The design of this
study is a case series. The multicenter MARS database is compiled from a questionnaire regarding
460 ACL reconstruction revision cases returned by 87 surgeons. This subset analysis described
technical aspects and operative findings in specifically those cases in which femoral tunnel
malposition was cited as the cause of primary ACL reconstruction failure. Of the 460 revisions
included for study, 276 (60%) cases cited a specific “technical cause of failure.” Femoral tunnel
malposition was cited in 219 (47.6%) of 460 cases. Femoral tunnel malposition was cited as the
only cause of failure in 117 cases (25.4%). Surgeons judged the femoral tunnel too vertical in 42
cases (35.9%), too anterior in 35 cases (29.9%), and too vertical and anterior in 31 cases (26.5%).
Revision reconstruction involved the drilling of an entirely new femoral tunnel in 91 cases
(82.1%). For primary reconstruction, autograft tissue was used in 82 cases (70.1%). For revision
reconstruction, autograft tissue was used in 61 cases (52.1%) and allograft tissue in 56 cases
(47.9%). Femoral tunnel malposition in primary ACL reconstruction was the most commonly
cited reason for graft failure in this cohort. Graft selection is widely variable among surgeons.
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Anterior cruciate ligament (ACL) reconstruction has become the standard of care for
patients who sustain an ACL tear and wish to return to their preinjury activity levels.1

Failure of primary ACL reconstruction has been noted in ~0.7 to 10%.2-11 As ACL
reconstruction failure occurs infrequently, and few surgeons perform large numbers of ACL
revision surgery, the Multicenter ACL Revision Study (MARS) group was formed.12 The
purpose of the MARS group is to prospectively collect data to help to identify independent
variables and predictors of outcomes to guide treatment strategies for both primary and
revision ACL reconstruction.

Review of the literature has shown technical errors to be a major cause of ACL
reconstruction failures with various studies reporting rates of 24 to 64%.13-18 Specifically,
femoral tunnel malposition has been implicated as the primary cause of failure in 60 to 79%
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of patients.17,19-22 We hypothesize that MARS surgeons will also identify femoral tunnel
malposition at the time of the prior ACL reconstruction as the most common reason for graft
failure. The purpose of this subset analysis study of the MARS database is to describe the
specific details of femoral tunnel malposition and the subsequent management strategies that
surgeons chose in the revision setting.

Methods
MARS is an 87 surgeon, 52 site group enrolling revision ACL reconstructions in a
prospective longitudinal cohort.18 The MARS database was compiled from a 48-page
questionnaire completed and returned by surgeons who performed revision ACL
reconstruction, but may or may not have performed the primary ACL reconstruction for
each case submitted. The questionnaire included data related to the cause of primary ACL
reconstruction failure and subsequent surgical intervention by the surgeon performing the
revision reconstruction. These data include surgical details for both the previous ACL
reconstruction and the revision ACL procedure.

Cases in the database were stratified according to the cause of failure for the prior ACL
reconstruction as judged by the surgeon performing the revision surgery. We identified the
cases with a “technical cause of failure,” as opposed to trauma or biological failure of the
graft. These patients were further subdivided to identify those with femoral tunnel
malposition as the cause of failure. A cohort was identified for which surgeons cited
“femoral tunnel malposition alone” as the cause of failure by excluding cases that involved
femoral tunnel malposition in combination with other technical errors.

Details of those cases that had “technical cause of failure” cited and “femoral tunnel
malposition alone” make up the study group for this descriptive statistical analysis. Data
were examined regarding surgical technique and approach, graft selection, and tunnel
position for the prior ACL reconstruction. Further data were analyzed regarding surgical
technique and approach, tunnel preparation, graft selection, and bone grafting at the time of
revision ACL reconstruction.

Statistical Analysis
As the treatment strategies employed for each of the cases in this study were chosen on an
individual basis guided by surgeon preference rather than a uniform decision-making
algorithm, the data do not lend itself to hypothesis testing or inferential statistics. For this
reason, purely descriptive statistics were employed in this report.

Results
At the time of this review, 460 revision ACL reconstructions were identified in the
prospectively gathered MARS database. The MARS questionnaire evaluated the presumed
cause of failure of ACL reconstruction in two separate questions: first, the “surgeon’s
opinion on cause of failure,” which could be answered “traumatic,” “technical error from
prior surgery,” “biologic failure to heal (i.e., tissue stretching),” “combination of above,”
“infection,” and “other”; and second, the “cause of technical failure,” which could be
answered “femoral tunnel malposition,” “tibial tunnel malposition,” “malalignment (in any
plane),” “femoral fixation,” “tibial fixation,” “autograft source,” “allograft source,”
“posteromedial laxity,” “posterolateral laxity,” “none,” and “other” (to be answered at the
surgeon’s discretion). As both questions were obligatorily answered by filling out the
questionnaire (an answer of “technical error from prior surgery” on the first question not
requisite for answering the second), the authors elected to focus on the second question, as it
appeared more precise for the purposes of this study.
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Of the 276 revisions in which a specific technical cause of failure was cited, failure of the
primary reconstruction was attributed to femoral tunnel malposition alone in 122 cases
(44.2%) or in association with another cause of technical failure in 102 cases (37.0%),
combined with “tibial tunnel malposition” in 82 cases (29.7%), “allograft source” in 13
cases (4.7%), “femoral fixation” in 8 cases (2.9%), “malalignment (in any plane)” in 5 cases
(1.8%), “posteromedial laxity” in 4 cases (1.4%), and “posterolateral laxity” and “tibial
fixation” in 1 case each (0.4%). Of the 122 cases in which femoral tunnel malposition alone
was cited as the technical cause of failure, 117 cases consistently defined the tunnel position
as abnormal. In the other five cases, the surgeons had judged femoral tunnel malposition to
be the cause for failure, but later described the femoral tunnel placement as either “ideal” (n
= 3) or did not select an answer choice for this question (left blank; n = 2). These cases were
excluded from analysis because of inconsistencies in the data as noted above. A detailed
outline of the femoral tunnel malposition cohort stratification is given in Fig. 1. The final
cohort for this subset analysis included 117 subjects (68 males and 49 females) with a mean
age of 28.7 (range 15 to 57) years.

For the 117 cases of femoral tunnel malposition alone, primary reconstruction involved a
one-incision arthroscopic single-tunnel approach in 102 cases (87.2%), a two-incision
arthroscopic single-tunnel approach in 14 cases (12.0%), and a traditional arthrotomy in 1
case (0.9%) (Fig. 2). For the 102 primary cases in which a one-incision single-tunnel
approach was used, preparation of the femoral tunnel for revision ACL reconstruction
involved a one-incision arthroscopic transtibial approach in 41 cases (40.2%), a one-incision
arthroscopic anteromedial portal drilling technique in 42 cases (41.2%), a two-incision
approach in 18 cases (17.6%), and a traditional arthrotomy in 1 case (1.0%). For the 14
cases in which a two-incision approach had been used, preparation of the femoral tunnel for
revision ACL reconstruction involved a one-incision arthroscopic transtibial approach in
five cases, a one-incision arthroscopic anteromedial portal drilling technique in five cases, a
two-incision approach in four cases, and a traditional arthrotomy in one case. For the one
primary case that used a traditional arthrotomy, preparation of the femoral tunnel for
revision ACL reconstruction involved a two-incision approach (Fig. 2).

With respect to tunnel malposition, the surgeon judged the femoral tunnel too vertical in 42
cases (35.9%), too anterior in 35 cases (29.9%), too vertical and anterior in 31 cases
(26.5%), and compromised due to both position and size in 9 cases (7.7%). Revision
reconstruction involved the drilling of an entirely new femoral tunnel in 91 cases (82.1%),
the same compromised femoral tunnel aperture in 2 cases (1.7%), a coalescence of a new
femoral tunnel with the original (blended) in 16 cases (13.7%), and an added second femoral
tunnel in 5 cases (4.3%). Revision reconstruction in the setting of femoral tunnel
malposition involved the use of the same optimal tibial tunnel aperture in 60 cases (51.3%),
drilling of the same compromised tibial tunnel in 2 cases (1.7%), an entirely new tibial
tunnel in 19 cases (16.2%), a “blended” new tibial tunnel aperture in 23 cases (19.7%), and
an added second tibial tunnel for a double-bundle revision in 5 cases (4.3%).

Revision reconstruction included the use of autograft in 61 cases (52%) (bone-patellar
tendon-bone, BTB, autograft in 29 cases [24.8%]; hamstring [semitendinosus + gracilis]
autograft in 22 cases [18.8%]; and hamstring [semitendinosus] autograft in 6 cases [5.1%])
and the use of allograft in 56 cases (BTB allograft in 25 cases [21.4%] and hamstring
[semitendinosus] allograft in 1 case [0.9%]). For primary reconstruction, 82 cases (70.1%)
had used autograft tissue, 31 cases (26.5%) had used allograft tissue, and 4 cases (3.4%) had
used a combination of autograft and allograft tissue. Of the 82 primary autograft cases, 43
revisions (52.4%) used some form of autograft tissue and 39 revisions (47.6%) used
allograft tissue. Of the 31 primary allograft cases, 18 revisions (58.1%) used autograft tissue
and 13 revisions (41.9%) used allograft tissue.
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For primary reconstruction, BTB autograft had been used in 61 cases (52.1%), hamstring
(semitendinosus + gracilis) autograft in 20 cases (17.1%), BTB allograft in 14 cases
(11.5%), and soft tissue allograft in 4 cases (3.4%). Of the primary cases utilizing BTB
autograft, revision reconstruction involved the use of autograft tissue in 33 cases (54.1%)
and allograft tissue in 28 cases (45.9%): hamstring (semitendinosus + gracilis) autograft in
15 cases (24.6%), BTB allograft in 14 cases (23.0%), BTB autograft in 11 cases (18.0%),
tibialis anterior allograft in 10 cases (16.4%), hamstring (semitendinosus) autograft in 5
cases (8.2%), Achilles allograft in 3 cases (4.9%), quad BTB autograft in 2 cases (3.3%),
and tibialis posterior allograft in 1 case (1.6%) (Fig. 3).

Of the 20 primary cases utilizing hamstring (semitendinosus + gracilis) autograft, revision
involved the use of autograft tissue in 10 cases (50%) and allograft tissue in 10 cases (50%):
BTB autograft, hamstring (semitendinosus + gracilis) autograft, BTB allograft, and tibialis
posterior allograft in 4 cases (20.0%) each, as well as tibialis anterior allograft in 2 cases
(10.0%), and quad BT autograft, other autograft, and other allograft in 1 case (5.0%) each
(Fig. 4).

Of the 14 primary cases utilizing BTB allograft, revision reconstruction involved the use of
autograft tissue in 8 cases and allograft tissue in 6 cases: BTB autograft in 7 cases, BTB
allograft in 5 cases, and hamstring (semitendinosus) and hamstring (semitendinosus +
gracilis) autograft for 1 case each (Fig. 5).

Of the 4 primary cases utilizing soft tissue allograft, revision reconstruction involved the use
of autograft tissue in 1 case and allograft tissue in 3 cases: hamstring (semitendinosus +
gracilis) autograft, Achilles allograft, tibialis anterior allograft, and tibialis posterior allograft
in 1 case each.

Revision reconstruction included use of bone graft on the femoral side as a single-staged
technique in five cases and dual-staged in nine cases. Of these, 11 cases were in the setting
of drilling an entirely new femoral tunnel, while 2 were used with a blended new femoral
tunnel, and 1 was used for an added second femoral tunnel. Likewise, revision
reconstruction included use of bone graft on the tibial side as a single-staged technique in
one case and dual-staged in nine cases.

Discussion
The MARS database represents a benchmark for the study of ACL revision surgery.
Longitudinal prospective pooling of data by experienced surgeons at multiple centers holds
the potential for tremendous insight into the most current trends in the management of failed
primary ACL reconstruction, including revision surgery outcomes and predictors of
success.12

This report provides a descriptive analysis of the perceptions of a group of experienced
surgeons regarding the mode of primary ACL reconstruction failure. It also outlines their
treatment strategies when faced with ACL reconstruction failure in the setting of femoral
tunnel malposition.

Choices made in regard to transtibial technique versus anteromedial portal drilling, tunnel
position, and graft selection are all important factors to consider. Several authors have
recognized that the most common mode of ACL reconstruction failure is technical error with
reported rates of 24 to 64%.13-18 In particular, femoral tunnel malposition has been
implicated as the primary error in 60 to 79% of patients.17,19-22 This study found that
femoral tunnel malposition was judged the reason for failure in almost 50% of the primary
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ACL revision cases studied. Of primary interest is the means by which surgeons chose to
revise ACL reconstructions that had failed as a result of femoral tunnel malposition.

Approach and Technique
Surgeons faced with femoral tunnel malposition were nearly equally distributed between
utilizing the transtibial approach compared with anteromedial portal drilling technique for
the femoral tunnel. This bimodal distribution illustrates that while many surgeons have
modified their approach to use an anteromedial portal drilling technique, many others still
feel that the transtibial tunnel technique for femoral tunnel drilling is a viable option in
revision surgery.

Although controversial, both transtibial and anteromedial portal femoral tunnel drilling
techniques are currently used by surgeons. The anteromedial portal drilling technique has
been touted as a more consistent method to create an anatomic femoral tunnel position.23,24

A direct comparison study of 859 primary ACL reconstructions failed to provide strong
evidence to support the superiority of one technique over the other.25 These techniques have
not been compared thus far in the revision setting, although decision-making in this regard is
likely guided by surgeon preference, the degree and type of femoral tunnel malpositioning,
and the method of tunnel preparation chosen. The data in this subset analysis suggest that
surgeons support a role for either technique when confronted with femoral tunnel
malposition.

Femoral Tunnel Placement
In this study, the most common reason for femoral tunnel malposition is vertical and/or
anterior misplacement of the tunnel: too vertical occurred in approximately one-third, too
anterior in approximately one-third, and a combination in approximately one-third of cases.
As noted previously, in the revision setting, there was a nearly identical distribution of
transtibial tunnel and anteromedial portal drilling techniques for the creation of the new
femoral tunnel.

Failure to position, the tunnel in the optimal anatomic position has been noted to cause graft
impingement. A tunnel positioned too vertically can also impinge on the PCL, altering
native tension and force profiles.26,27 Osseous landmarks have been identified to aid in
discerning the anatomic location of the femoral footprint, including the lateral intercondylar
ridge (running proximal to distal) and the lateral bifurcate ridge (between anteromedial and
posterolateral bundle attachment sites).28 These landmarks offer reliability as a target for
tunnel position on the femoral side with both single-bundle and double-bundle ACL
reconstruction techniques, but may be less apparent when performing revision surgery.

Revision Tunnel Preparation
Revision reconstruction in this series involved the drilling of an entirely new femoral tunnel
in over 80% of the cases. In the opinion of most MARS surgeons, a malpositioned primary
femoral tunnel often necessitates the drilling of an entirely new tunnel.

We also found that in this subset analysis of 117 cases of femoral tunnel malposition, ~50%
of the time, surgeons used the same tibial tunnel aperture. This demonstrates that in at least
50% of these particular cases, the tibial tunnel was felt to be in the correct position. This
subset analysis did not specifically address tibial tunnel position, and therefore the authors
cannot comment further on these elements of the data.
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Graft Selection
Based on the MARS data, graft selection for primary ACL reconstruction and revision ACL
reconstruction is highly variable among surgeons. The most common graft sources for
primary ACL reconstruction used for these 117 cases involved autograft in two-thirds of
cases and allograft in the remainder.

Surgeon preference for the revision setting was also highly variable. In cases that utilized a
BTB autograft for primary reconstruction, the most common revision graft sources were
hamstring autograft (24.6%) and BTB allograft (23%). In cases that utilized a hamstring
autograft for primary reconstruction, surgeon preference was equally divided (20%) for BTB
autograft, BTB allograft, soft tissue allograft, and contralateral hamstring autograft. In cases
that utilized a BTB allograft for primary reconstruction, surgeon preference was for BTB
autograft in 50% of cases, and repeat BTB allograft in 35.7%. In cases that utilized a soft
tissue allograft for primary reconstruction, surgeon preference was equally divided (25%)
between hamstring autograft, Achilles allograft, tibialis anterior allograft, and tibialis
posterior allograft.

A recent meta-analysis29 of clinical outcomes of primary ACL reconstruction comparing
autograft versus allograft demonstrated no significant difference in outcomes in the short
term between either source. Most of the included studies investigated BTB graft sources,
limiting generalization to the myriad graft sources observed in the MARS database. Also,
the studies included in this meta-analysis did not stratify their cohorts or evaluate data in a
multivariate model to assess the effects of any confounding variables. More recently,
Borchers et al demonstrated higher failure rates with the use of soft tissue (tibialis anterior)
allograft in young high-demand athletes.30

Bone Grafting
Revision reconstruction included the use of bone grafting on the femoral side in only 12% of
the cases in this subset analysis—single-staged in five cases and dual-staged in nine cases.
While low in general, this rate is higher than previously reported (≤4%).17,31 The specific
reason for adding bone graft to tunnels was not elucidated as a result of the questionnaire’s
design, and therefore, we cannot comment on the factors that led to this choice on the part of
the revising surgeon. One reason may be that a severely malpositioned tunnel allows
creation of an entirely new femoral tunnel without the need for bone grafting. It is also
possible that with modern methods of secure graft fixation, the use of bone graft in the
revision setting may become even less frequent.

Strengths and Weaknesses
The strengths of this article include that data were obtained from the largest prospectively
gathered multicenter database regarding ACL revision reconstruction to the authors’
knowledge. In addition, the MARS surgeons were recruited based on expertise and
experience in ACL reconstruction surgery, and we believe that the data compiled can
therefore be considered expert opinion. Furthermore, the database is highly detailed,
incorporating many facets of revision ACL reconstruction technique.

A weakness of this article includes its descriptive statistical analysis based on surgeons’
subjective perceptions of the cause of failure. Subsequent management strategies were based
on individual surgeon preference and decision-making and not on any uniform treatment
algorithm. The goal of this article is not to provide the reader with a single best management
strategy, but simply to inform the reader of current trends in ACL revision reconstruction in
the pool of surgeons participating in the MARS group. The time from primary
reconstruction to revision reconstruction was not cataloged in the portion of the study
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questionnaire provided for analysis. This information would have added much to the
understanding of the relationship of femoral tunnel malposition as the cause of technical
failure compared with other causes available as answer choices in this questionnaire.

Conclusion
This descriptive, subset analysis of revision ACL reconstruction reveals that graft selection
is widely variable among surgeons. The MARS database identifies technical error as the
most common reason for primary ACL reconstruction failure and femoral tunnel
malposition as the most common technical error. Surgeons prefer drilling of an entirely new
femoral tunnel in the vast majority of revision procedures using both transtibial and
anteromedial portal techniques. These observations underscore the importance of
understanding the ACL femoral footprint anatomy and the technique of femoral tunnel
placement at the time of primary ACL reconstruction.
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Figure 1.
(A) Reason for primary reconstruction failure. (B) Femoral tunnel malposition only cohort.
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Figure 2.
Breakdown of surgical approaches and techniques at primary and revision ACL
reconstruction.
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Figure 3.
Graft selection for revision ACL reconstruction after primary BTB autograft (n = 61).
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Figure 4.
Graft selection for revision ACL reconstruction after primary hamstring (semitendinosus +
gracilis) autograft (n = 20).
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Figure 5.
Graft selection for revision ACL reconstruction after primary BTB allograft (n = 14).
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