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Introduction

Reconstruction of the anterior cruciate ligament (ACL) 
is one of the most common sports procedures performed 
accounting for 120,000 cases per year (1). With the increase 
in the number of primary ACL reconstructions, subsequent 
need for revision ACL reconstruction (ACLR) is also 
increasing (2). A recent systematic review of Level-I and II 
prospective studies with a minimum duration of five years 
follow-up demonstrated that the ACL graft rupture rate 
ranged from 1.8% to 10.4%, with a pooled percentage of 
5.8% (3). Other studies have shown failure rates of up to 
15% in select patient populations (4). Revision surgery can 
be necessary due to a wide spectrum of causes, however 
technical errors and recurrent trauma are the leading 
etiologies of ACL graft rupture. Identification of the cause 
of failure is paramount and the management necessitates a 
systemic approach. 

For a successful revision ACL surgery, the preoperative 
evaluation must include a detailed history, physical 
examination, and appropriate radiographic imaging. Also 

previous operative reports and imaging studies, including 
arthroscopic images, should be reviewed. Moreover, 
position and size of the previous bone tunnels should be 
critically evaluated to decide whether the patient will be 
treated with a single-stage or 2-stage revision. The revision 
of a failed ACL surgery is technically challenging and 
there is the potential for unexpected findings. The surgeon 
must have several technical tricks, tools, and innovative 
techniques for dealing with the obstacles of malpositioned 
or enlarged tunnels.

Etiology of ACL failures

The successful revision of a failed ACL surgery cannot be 
achieved without understanding the specific etiology and 
mode of failure. General causes of failure can be divided 
into four groups: technical errors, repeat trauma, failure 
of the graft incorporation, and failure to address the co-
existent laxity in secondary restraints or limb malalignment, 
which places the graft at risk (5). The multicenter ACL 
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revision study (MARS) group reported the distribution 
of these causes, as deemed by revising surgeon, as trauma 
(32%), technical (24%), biologic (7%) and combination of 
these factors (37%) (6). We should recognize that there is an 
inherit bias in attributing failures to trauma when evaluating 
one’s own patients. Revising surgeons often deemed the cause 
of graft failure to be multifactorial and deemed technical 
error to be a contributing cause 48% of the time (7).

The most common technical error is thought to be 
incorrect tunnel position placed outside of the native ACL 
footprints. Femoral tunnel malposition was rated as the 
most common technical failure by far (80%), followed by 
tibial tunnel malposition (37%) (6). It is clearly described 
that malpositioning of either the femoral or tibial tunnel 
generates excessive stress in the graft as the knee moves 
through its arc of motion, resulting in graft failure (8). 
Historically, transtibial ACLR techniques led surgeons to 
place femoral tunnels vertical and more anterior than the 
native ACL origin because the femoral tunnel position 
is restricted by the angulation of the tibial tunnel in the 
coronal plane. Vertical tunnels may restore anteroposterior 
stability, but produce a rotational instability with a positive 
pivot shift test (9). Furthermore locations and angles of 
tunnels are thought to correlate with tunnel enlargements 
because of windshield-wiper or bungee-cord motion of the 
graft, which may be enhanced by changing tension in the 
graft due to tunnel malposition (10).

Although the exact etiology of tunnel widening is 
still unknown, different tunnel enlargement shapes such 
as linear, cavitary, mushroom, and conical support the 
multifactorial etiology of tunnel widening (11). The degree 
to which mechanical (e.g., graft position, fixation method) 
and biologic (e.g., increased cytokine levels, synovial fluid 
propagation) factors contribute to tunnel widening remains 
unclear (12). We have noted that tibial tunnel expansion can 
be greater than femoral tunnel expansion, perhaps because 
of the effect of gravity. Several published studies report 
that femoral tunnel enlargements were greater with more 
anterior, more proximal, and more vertical femoral tunnels 
(13,14). Independent drilling of the tibial and femoral 
tunnels have been developed to overcome the limitations 
of the transtibial technique and improve the accuracy of 
tunnel placement. Recently introduced flexible reamer 
systems allow for accurate femoral tunnel placement within 
the anatomic ACL footprint without the need for knee 
hyperflexion, accessory portals, or a notchplasty (15). With 
the evolution of arthroscopic ACLR techniques, graft failure 
in the setting of proper tunnel positions using accessory 

portals, flexible reamers or double bundle reconstructions 
should be further investigated.

Concomitant ligament injuries, such as collateral 
ligament or posterolateral corner injuries can compromise 
ACL graft stability if left untreated (16). The malalignment 
of a lower extremity is an important pathologic condition 
regarding ACL failure. Varus malalignment can increase the 
stress in the ACL graft and may warrant a valgus producing 
osteotomy to reduce the risk of graft failure (17). Recently, 
excessive posterior tibial slope was reported as a risk factor 
for early graft failure after ACLR (18). Besides concomitant 
injuries, failure of fixation, tensioning and poor choice of 
graft may all lead to graft failure. Infection is relatively 
rare with the incidence of septic arthritis following 
ACLR reported as less than 1% (6). In the setting of graft 
failure without any identifiable surgical technical error or 
subsequent trauma, biological failure should be considered 
high on the differential etiologic cause list (19).

History and physical examination

A comprehensive history and physical examination is 
crucial for a successful revision ACL reconstruction. The 
history should begin with the mechanism of primary injury, 
assessment of function following initial reconstruction, 
rehabilitation program, and the history of re-injury after 
the reconstruction. Asking the patient if he or she “trusts 
the knee” can be valuable because it is often difficult for 
patients to verbalize instability symptoms. The timing 
and symptoms associated with failure of a primary ACL 
reconstruction may be helpful to predict the etiology 
behind the failure. Early failures (<3 months) are usually 
related to loss of fixation and infection. Midterm failures 
(3–12 months) are often due to errors in surgical technique, 
aggressive physical therapy and unrecognized concomitant 
ligament injuries. Late failures (>12 months) are usually 
related to repeat trauma and often occur in the setting of a 
previously well-functioning knee. Reviewing the operative 
notes, imaging studies and arthroscopic images can provide 
important information about the previously used technique, 
fixation methods and implants used, complications during 
surgery and additional procedures performed such as 
meniscectomy or extraarticular reconstructions; which can 
compound the clinical presentation in the revision setting.

Physical examination starts with evaluating prior skin 
incisions, swelling and range of motion. Prone examination 
may allow identification of subtle flexion contractures that 
may not be seen in the supine position. The Lachman test 
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is a very sensitive examination to determine the degree 
of anterior tibial translation and laxity compared with 
the normal contralateral knee (20). Knee laxity can be 
objectively evaluated by measuring the tibial translation with 
commercially available instruments (e.g., KT1000/2000 
arthrometer, MEDmetric, San Diego). Anterior-posterior 
tibial translation difference of more than 3 mm is commonly 
used criterion to quantify failure of ACL reconstruction (21). 
The degree of rotatory instability can be elucidated by pivot 
shift test, but it is often difficult to perform this clinical 
maneuver in the office (22). Concomitant ligamentous 
injuries such as posterolateral and posteromedial instability 
can be evaluated with the Dial test and Slocum’s test, 
respectively (23,24). New devices to measure rotation are 
on the horizon but not universally available at this point (25). 
The posterior drawer test and sag sign are helpful to assess 
posterior cruciate ligament insufficiency (26). Through 
a comprehensive knee examination, the alignment of the 
entire extremity and gait pattern should be noted because 
ACL deficient patients may exhibit abnormal rotational or 
varus/valgus thrusts with ambulation (27). This can give 
insight in subtle modes of graft failure that might require 
intervention at the time of revision surgery.

Finally, if there is any concern of infection at the 
operation site, then systemic inflammatory markers, 
including white blood cell count, C-reactive protein and 
erythrocyte sedimentation rate should be obtained. If 
any of these laboratories are concerning, cell count and 
microbiological examination of synovial fluid aspirate 
should be studied rapidly.

Imaging

The preoperative radiographic evaluation of the failed ACL 
reconstruction is critical to determine not only the potential 
cause for failure and concomitant pathology, but also the 
current state of the tunnels. Previous tunnel positions, 
enlargement/widening of tunnels and hardware type can 
be assessed on plain anterior-posterior (AP) and lateral 
views. Weight-bearing posteroanterior (PA) radiographs are 
helpful to evaluate the presence of joint space narrowing 
and intercondylar notch configuration. Should the clinical 
exam be concerning for collateral ligament involvement, 
then varus and valgus stress radiographs are particularly 
useful to identify and objectively quantify the collateral or 
corner injuries (28,29). A full-length standing AP view is 
also recommended if any varus or valgus malalignment is 
appreciated on clinical exam. Magnetic resonance imaging 

is a valuable tool to determine the position of tunnels and 
status of the graft; however, is not able to verify whether the 
clinically injured or elongated graft is functional. Therefore, 
some authors suggest the use of MR-arthrography to 
improve the diagnostic power of this modality (30). 
Moreover, MRI is not suitable for the assessment of bone 
graft incorporation. Although metal induced artifacts may 
complicate its effectiveness, MRI is a useful to evaluate 
meniscal, chondral, and concomitant ligament injuries. 
Excessive tunnel osteolysis may compromise rigid fixation 
of the new graft during revision procedures. If there is 
any concern about tunnel osteolysis, it is helpful to obtain 
CT scan preoperatively. CT scans with/without 3D 
reconstructions may provide further information regarding 
the amount of lysis as plain films may underestimate the 
problem. Recent studies demonstrated CT scans are the 
most reliable imaging modality for evaluation of ACL 
bone tunnels when compared to MRI and radiographs, 
with superior intra- and inter-observer reliability (31,32). 
Furthermore, the degree of osteolysis is crucial in the 
determination of whether a 2-stage repair with bone 
grafting is required. 

Single versus 2-stage revision ACLR: evolving 
technical considerations

In the setting of massive osteolysis, which is most often 
described as greater than 14 mm of tunnel widening; 
tunnel convergence that would compromise future graft 
fixation; or a relatively poor biologic milieu for tendon-
bone healing, serious consideration should be given to 
staging the revision ACLR until the above-listed factors 
have been addressed. In general, tunnel placement can 
be defined as anatomic, indicating the ACL tunnels are 
within its anatomic footprint; non-anatomic, indicating 
the ACL tunnels are completely outside the footprint; 
or overlapping, where there is partial placement of the 
tunnel within the native anatomic footprint. The latter 
many times being the most difficult to remedy in a revision 
situation. With the advent of newer surgical techniques, 
including independent femoral tunnel drilling, revision 
ACL reconstruction algorithms have needed to evolve given 
previous non-anatomic trans-tibial approaches routinely 
allowed completely native, divergent femoral tunnels to 
be drilled at the time of revision surgery; yet, more recent 
anatomically placed femoral tunnels potentially compromise 
this ability to perform a single stage revision, regardless of 
if osteolysis is present or not. The largest volume of tunnel 
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osteolysis routinely occurs in the femur more often than 
the tibia; however, the etiology for its development is not 
concrete (33). While mechanical and biologic causes likely 
both contribute to the development of the radiographic 
finding, there has been no literature to date that correlates 
the presence of widening tunnels with the subjective 
or objective finding of graft failure (33-37). Regardless 
of the etiology, it is an entity that must be recognized 
preoperatively in the revision setting so that the success of 
the revision surgery is optimized.

Graft selection

Allograft tissue for primary ACLR has not only shown 
higher rates of failure in the young active population, but 
also higher rates of failure in the revision setting (36,38-41).  
While hybrid constructs with low dose irradiated tissue 
have shown dramatically higher failure rates, non-irradiated 
hybrid allograft autograft constructs at the time of primary 
ACLR have recently shown promising results and have 
similar failure rates as do autograft constructs (42-45). When 
possible, the senior author prefers to use autograft tissue for 
intra-articular revision cruciate ligament reconstructions. 
This could include tripling a semitendinosus autograft to 
make a 5 stranded graft if the tendon length allows or even 
prepping out the contralateral limb to obtain hamstring or 
bone-patellar tendon-bone (BPTB) autografts as well, with 
supporting literature not only showing that MRI evidence 
exists for hamstring tendon regrowth but also with little to 
no gross donor site morbidity with very limited changes in 
knee flexion or extension strength differences compared 
to preoperatively (46-49). Quadriceps tendon soft tissue 
graft, with or without bone plug, is also an option and can 
be a useful graft given its relatively large depth at harvest 
with reported satisfactory outcomes in the literature (50). 
While literature does exist for the re-harvesting of BPTB 
autograft in the ipsilateral leg at the time of revision surgery 
or in harvesting a quadriceps tendon with bone block, the 
senior author recommends prudence in doing so to limit a 
stress riser with the resultant devastating complication of a 
patellar fracture post-operatively (51).

Tunnel osteolysis

As previously mentioned, in the setting of prior anatomic 
or non-anatomic tunnel placement, greater than 14 mm 
of tunnel osteolysis is a general set point for determining 
whether to stage the revision procedure or not (52). These 

grossly expansile, non-uniform lesions can make graft 
hardware fixation and bone tendon healing difficult to 
optimize. Previous studies have provided a classification 
schema as to the shape of the osteolytic defect (53). The 
senior author recommends obtaining a CT scan to quantify 
the amount of osteolysis present in multiple orthogonal 
views given CT provides better definition than plain 
radiography (Figure 1).

Should a 2-stage procedure be required secondary to 
tunnel widening for anatomic and overlapping tunnels, 
then all previous metallic hardware should be removed. 
A guide wire can be placed in the same location as the 
previous femoral tunnel or by using routine standard tip 
or elbow aiming guide for the tibial tunnel. The tibial 
tunnel angle can be measured preoperatively on sagittal 
CT scan, which can be used as a rough reference point 
intra-operatively as well for setting the tibial guidewire 
placement. If the hardware was absorbable, then the guide 
wire can be drilled through it if not removed. Reaming over 
the wire allows visualization of the tunnel. In the setting of 
gross osteolysis, which relegates the surgeon to providing 
a 2-stage procedure with bone grafting as a first stage, it is 
vital to debride all soft tissue and remnant graft material out 
of the tunnel. Often the previous tunnels can be identified 
by probing to localize the defect. A curette can be used to 
remove soft tissue and then a tunnel dilator, usually much 
smaller than the planned reaming, can be inserted into 
the defect to center a guide pin for further reaming. Serial 
reamers can be used, starting a size smaller than anticipated 
after sizing, to sequentially ream the prior tunnel and gain 
adequate circumferential bony bed/walls. Standard femoral 
and tibial ACL set reamers can be used to a point, but for 
the more massive cavitary defects, using intramedullary 
reamers from a trauma or total joint arthroplasty set can 
be helpful given their increasing diameter sizes larger 
than the standard ACL set allows. When determining 
the appropriate bone graft, there are multiple choices, to 
include: allograft chips, allograft bone dowels, or allograft 
femoral head; commercially available bone substitutes; or 
autogenous bone graft by iliac crest bone graft. For the 
reproducibility of bone fill, the senior author routinely uses 
allograft cylindrical bone dowels, which come prepackaged 
as different lengths, 15–30 mm, and diameters, ranging 
from 10–20 mm. These can be inserted by arthroscopic 
assisted techniques and can even be stacked for adequate 
length (54) (Figure 2). Routinely these bone dowels are 
partially cannulated, are drilled to completion so that they 
easily slide over a 3/32nd wire or beath pin and are inserted 
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with the use of a cannulated bone tamp.
Some investigators have suggested upsizing the graft 

by 1 mm so that a more press fit purchase can be gained; 
however, we have found that the allograft bone dowels 
can be brittle at times and reaming line to line can aid in 
their safe delivery and impaction without compromising 
stability (55) (Figure 3).

We routinely obtain a CT scan at approximately  

4 months to assist in surgical planning and the revision 
ligament reconstruction is not entertained until satisfactory 
bone consolidation is present, roughly between 4–6 months 
(Figure 4). A recent prospective study assessing autogenous 
bone graft incorporation in the tibia by CT scan prior to 
revision ACL reconstruction showed higher occupying 
ratios, union ratios, and bone mineral density scores at  
24 weeks than at the 12 week point postoperatively (56).

Figure 1 Note the non-uniform defect size and shape within the tibial tunnel, which measured 18.44 mm at its widest point orthogonal to 
the axis of the tunnel.

Figure 2 Note the stacked dowels to adequately fill not only the diameter of the defect but the tunnel length.
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Overlapping ACL tunnels and convergence

Tunnel convergence with the expansion or overlapping 
of newly drilled tunnels into previous tunnels, either 
expectedly or unexpectedly, can present the surgeon with 
a unique intraoperative decision given the existence of 
convergence can compromise graft/implant fixation. This 
can occur in the setting of anatomically placed tunnels, but 
it more often seen in overlapping tunnels given the pre-
existing tunnel’s aperture and trajectory is to be partially 
included in the newly drilled tunnel. Upon it’s recognition, 
staging the immediate revision ACL reconstruction and 
proceeding with bone grafting with a return to the operating 
room (OR) for definitive revision ACL reconstruction 
once graft incorporation is confirmed is always an option. 

However, without significant tunnel osteolysis and with an 
acceptable aperture on the femoral or tibial side, then there 
are different techniques that can be used to help ameliorate 
the situation of tunnel convergence or overlap. Prior to 
drilling the new tunnel, adjustments can be made to provide 
divergent tunnels (funnel technique), which maintain the 
same anatomic aperture. On the femoral side, using a 
2-incision outside-in drilling technique can provide a new 
divergent angle for the tunnel but keep the existing femoral 
aperture. Changing the guide angle or start point on the 
proximal tibia can also allow divergence of the tunnels in 
the hopes of only communicating at the tibial articular 
aperture. Sometimes maintaining the previous titanium 
hardware in place can be used as a void filler and when a 

Figure 3 The femoral and tibial bone defects have been bone grafted successfully by allograft bone dowels and confirmed as stable with 
placement upon probing.

Figure 4 Note the excellent integration of allograft to host bone with excellent fit and fill with incorporation.
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stainless steel reamer is used to create the new femoral or 
tibial tunnel, a new tunnel adjacent to the previous tunnel can 
be created given titanium is softer than stainless steel (57).

Should this be recognized after the new tunnel has 
been drilled, then an additional option includes stacking 
screws, which can be used in the setting of poor bone 
quality or if previous aperture fixation was used. The old 
screw can be removed and replaced after the new tunnel 
is drilled, with a new screw placed directly adjacent to 
the old screw to gain satisfactory aperture graft fixation. 
The senior author’s preference is to use an allograft bone 
dowel, similar to a 2-stage approach as described above 
for massive osteolysis. The previous tunnel can be reamed 
to debride remnant graft and to freshen its edges and 
then a cannulated allograft bone dowel is impacted into 
the previous tunnel. A guidewire can then be placed in 
standard fashion, as would be performed as a primary ACL 
reconstruction, and over-reamed per routine. The reamed 
dowel serves as a new wall for stability for the newly 
placed revision ACL graft (Figure 5).

Should satisfactory bone tunnels be present after 
reaming, then standard fixation can be placed. Should 
a significant amount of tibial tunnel convergence be 
unavoidable, despite attempts made at new drilling 
angles or start sites or the above listed techniques, recent 
laboratory biomechanical data provides guidance as to the 
best techniques for graft fixation in a single stage setting (58). 
These would include filling the tunnel with a press fit bone 
plug or a bioabsorbable screw and not a dilatation technique 

or leaving the previous tunnel empty. As always, the same 
single stage bone graft techniques as described in the above 
paragraph can be utilized where the previous tunnel can be 
reamed, filled with an allograft dowel plug and new tunnel 
drilled directly adjacent to it with the bone dowel serving 
as a stabilizing wall to the newly placed revision ACL 
graft. Standard fixation can be used as the primary fixation; 
however, regardless of the fixation used, additional backup 
fixation should be used as well given the above listed study’s 
findings (Figure 6).

Graft fixation techniques

To optimize the healing process and success rates of 
revision ACL reconstructions, secure graft fixation is 
paramount. Should new femoral and/or tibial tunnels be 
obtained without gross convergence and in the setting of 
no gross osteolysis, then routine primary graft fixation 
methods can be employed. However, should the surgeon 
have any question with regard to the stability of the graft/
bone/fixation interface, then additional fixation types 
can be utilized to secure the graft and back-up the repair. 
Extended sized cortical buttons as suspensory fixation or 
tying the graft sutures over a post screw can be a useful 
technique used during outside-in 2 incision techniques or 
should slight cortical posterior wall blow out be suspected 
on the femoral side. As mentioned above, double-stacked 
screws can also provide satisfactory fixation, more routinely 
used on the femoral side. For the tibial side, routinely 

Figure 5 Note the failed prior allograft bone plug at the previous femoral tunnel site. Given adequate tibial bone graft incorporation, a 
decision was made preoperatively to provide a local single stage bone grafting to the femoral defect, ream the desired new revision ACL 
tunnel, and use the allograft as a new wall.

Failed dowel

Planned tunnel 
location

Grafting 
with dowel

New tunnel
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cavitary osteolysis and the relatively poor bone quality of 
proximal tibial metaphyseal bone provide the difficulty in 
obtaining satisfactory fixation. In addition to routine screw 
or screw and sheath constructs, staples, screw and spiked 
washer constructs or even extended sized cortical buttons 
can be used to gain graft fixation. In fact, extracortical 
fixation specifically is required to resist the load to failure 
for graft fixation when undersized screws are placed for 
aperture fixation, which can occur in implant to tunnel size 
mismatches secondary to tunnel widening, convergence or 
osteolysis (58). Double graft fixation in the revision ACL 
reconstruction setting is routinely recommended and the 
surgeon should have a low threshold to consider it should 
there be any concern of graft stability for incorporation.

Additional considerations

When assessing any failed cruciate ligament reconstruction 
for potential revision surgery, close attention to the 
postoperative course from the index procedure, the 
mechanism of original injury, the mode of most recent 
failure, surgical technique used, and any baseline underlying 
mechanical axis or joint line abnormalities should be critically 
reviewed and evaluated. Causes of early and late failure need 
to be defined. Failure to do so could jeopardize the outcome 
of the future revision ACL reconstruction. Recently, there 
has been interest and focus on the anterolateral ligament 
(ALL) and its contribution to rotational stability to the 

knee. While clinical and biomechanical studies have 
shown the benefit of its reconstruction at the time of ACL 
reconstruction and its influence on the pivot shift test, other 
studies have shown concern with over-constraining the knee 
and its lack of functional influence until excessive anterior 
tibial subluxation is gained, only seen in ACL deficient 
knees (59-62). In the setting of a referral revision practice, 
it is vital to review the patients’ clinical exam for subtle 
differences in the posterolateral corner (PLC) either from 
the acute injury or from chronic attenuation with associated 
varus malalignment, the presence of a varus thrust, or 
excessive tibial slope. All of which can predispose the graft 
to excessive loads and failure (63-65). Consideration should 
be given to the need for PLC reconstructions or high tibial 
osteotomy, in these situations, respectively, as a single stage 
procedure presuming the patient can maintain postoperative 
precautions and therapy compliance. Any concern for the 
lack thereof, then high consideration should be given to 
staging the procedures.

Clinical outcomes

In the setting of revision ACLR, it is imperative to discuss 
with the patient realistic expectations with regard to 
timelines to recovery, likelihood of return to sport and 
sporting level, associated intra-articular pathology, as well 
as graft re-rupture rates. Clinical findings show that rates of 
return to sporting activities, Marx activity levels and other 

Figure 6 Note the placement of the femoral screw in between the allograft wall support and new bone-patellar tendon-bone (BPTB) 
autograft revision anterior cruciate ligament (ACL) reconstruction.
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patient reported outcomes are lower in the revision setting 
compared to baseline and in comparison to the index ACLR 
(66-68). Revision graft re-rupture rates are reported as 
3–4 times higher than primary ACLR, with a systematic 
review reporting a 13.7% rate of graft failure in revision 
cases (69). In addition to this finding, patients undergoing 
their third or more revision ACL reconstruction were  
4.7 times more likely to undergo additional surgeries and 
were 25.8 times more likely to suffer a subsequent ACL 
graft re-rupture (38). At the time of revision surgery, the 
importance of graft choice cannot be overstated with the 
selection of autograft resulting in patients being 2.78 times 
less likely to sustain a graft re-rupture in comparison 
to allograft use and with autograft predicting better 
scores on patient reported outcome measures at the 
2-year follow up (38). As stated above, should no further 
autograft choices be viable from the injured limb, then it is 
the senior author’s recommendation that contralateral limb 
harvest should be highly considered for autograft use as 
the sole graft choice; however, recent data from the MARS 
cohort suggests that hybrid grafts in the revision setting 
are still better than only allograft tissue when used in the 
reconstructive process (38).
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