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Introduction

The incidence rate of ACL rupture has recently 
been reported to be between 36.9 and 60.9 per 
100,000 persons/ year (1, 2). In the United States, 

approximately 200,000 ACL ruptures occur annually (3). 
Historically, ACL reconstruction has been a successful 
operation, with satisfactory outcomes in 75% to 97% 
of patients (4, 5). However, with the number of primary 
procedures being performed increasing each year, the 
absolute number of graft failures after ACL repair is also 
rising. 

No universally accepted definition for failure of an 
ACL reconstruction exists. It may be easier to reach 
a definition of ACL reconstruction failure based on 
instability, but there are other factors to consider as 
well. The surgery may be considered to have failed 
when objective laxity or patient perception of instability 

develops in a previously ACL-reconstructed knee, or 
when postoperative pain and/or stiffness occur in a 
stable ACL-reconstructed knee. Extensor mechanism 
dysfunction and infection can also result in failure (6,7). 
A very detailed definition of ACL-reconstruction failure 
has been published by Noyes and Barber-Westin (8).  
Their indications for revision surgery are: (1) a complete 
graft tear with  > 6 mm of anterior tibial displacement 
as compared to healthy knee; (2) a positive pivot shift 
test graded +2 or +3 compared to the healthy knee, with 
or without knee pain or inflammation, or subjective 
sensation of instability or functional limitations for daily 
life and/or sports activities. Alford and Bach reported 
that more than 3 mm difference in anteroposterior 
knee laxity compared to healthy knee or an absolute 
displacement of >10 mm assessed through the KT-
1000 arthrometer (MEDmetric, San Diego, California) 

Corresponding Author: Michael W. Moser, Team Physician, 
Department of Orthopaedics and Rehabilitation, 3450 Hull 
Road, University of Florida, Gainesville, FL 32607 
E-mail: mosermw@ortho.ufl.edu 

CURRENT CONCEPT REVIEW

Received: 18 February 2015   Accepted: 12 July 2015

Failure of Anterior Cruciate Ligament
 Reconstruction

Abstract

The present review classifies and describes the multifactorial causes of anterior cruciate ligament (ACL) surgery 
failure, concentrating on preventing and resolving such situations. The article particularly focuses on those causes 
that require ACL revision due to recurrent instability, without neglecting those that affect function or produce persistent 
pain. Although primary ACL reconstruction has satisfactory outcome rates as high as 97%, it is important to identify the 
causes of failure, because satisfactory outcomes in revision surgery can drop to as much as 76%. It is often possible 
to identify a primary or secondary cause of ACL surgery failure; even the most meticulous planning can give rise to 
unexpected findings during the intervention. The adopted protocol should therefore be sufficiently flexible to adapt to 
the course of surgery. Preoperative patient counseling is essential. The surgeon should limit the patient’s expectations 
for the outcome by explaining the complexity of this kind of procedure. With adequate preoperative planning, close 
attention to details and realistic patient expectations, ACL revision surgery may offer beneficial and satisfactory results 
for the patient.
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represented valid signs of ACL graft rupture with a 99% 
sensitivity (9).

Failure of ACL reconstruction is of great concern to 
orthopaedic surgeons.  ACL reconstruction is an effective 
surgery with 75% to 90% of patients reporting good or 
excellent outcomes (10, 11). Yet, a significant number of 
patients (10% to 15%) will require a revision. Clasically 
literature showed that ACL-reconstruction failures are 
primarily caused by technical mistakes (estimated at 
around 70%), chronic or acute traumatisms, and biologic 
causes (10,11). A recent Multicenter ACL Revision Study 
(MARS) Group developed a multi-surgeon, multicenter 
prospective longitudinal study to allow multivariable 
analysis and determine predictors of clinical outcome 
in revision ACL (12). The MARS cohort (460 patients) 
showed that mode of failure, as deemed by the revising 
surgeon, was traumatic (32%), technical (24%), biologic 
(7%), combination (37%), infection (<1%), and no 
response (<1%) (12).

The purpose of this article is to review the current 
knowledge about ACL reconstruction failure, describe 
in detail its multifactorial etiology, discuss current 
treatment options and show potential prevention 
strategies.  Special attention will be given to elements 

that can be controlled by the orthopaedic surgeon, such 
as graft selection, graft fixation methods and tunnel 
placement (13).

Preoperative planning
The preoperative planning for the revision of a previous 

ACL reconstruction is based on a thorough medical 
history, including information on the primary surgical 
procedure, the physical exam, the imaging studies, and 
technical considerations of the surgical technique. Most 
of the factors that should be considered during the initial 
approach to a patient with ACL graft failure are shown in 
[Table 1] (6, 8, 14). Laboratory tests are not included in 
our table but may be also helpful in some cases to detect 
infectious or inflammatory processes (15-28).

Etiologic Classification of Failure of ACL Recon-
struction 

Johnson and Fu identified the three primary clinical 
signs and symptoms that lead us to consider an ACL 
reconstruction as a failure: instability, stiffness, and pain 
[Figure 1] (6). A deficient postoperative rehabilitation 
program alone can result in an ACL-graft failure despite 
a correct primary surgery. Additionally, even when 

Table 1. Relevant history data for the preoperative planning

PRIMARY PROCEDURE

Injury: date, mechanism of injury, symptoms

Surgery: date, surgical technique, graft choice, fixation methods, associated injuries, other surgical procedures

Postoperative: complications, rehabilitation, return to sports

Recurrence: date, mechanism of injury, signs and symptoms (instability/pain/stiffness/knee effusion)

PHYSICAL EXAM

Inspection: scars, swelling, muscle atrophy, lower limb alignment, gait

Palpation: temperature, knee effusion, trigger points, catching, locking, crepitation

Function: range of motion, knee strength

Special tests: anteroposterior stability (Lachman test, anterior drawer), rotational stability (pivot shift sign test), and mediolateral stability 
(valgus-varus test), meniscal tests

IMAGING STUDIES

Plain radiographs (standing anteroposterior view, lateral view at 30º of knee flexion, axial view at 45º of knee flexion [Merchant’s view], standing 
posteroanterior view at 45º of knee flexion [Fick’s view], functional radiographs): assess lower limb alignment, position of tunnels, tunnel 
widening, fixation methods, degree of knee osteoarthritis and associated instabilities 

MRI: assess knee effusion, graft preservation, tunnel preservation, cartilage damage, and meniscal injuries

Bone scintigraphy Tc99: degree of knee arthropathy, complex regional pain syndrome, infection

CT scan: bone abnormalities, previous tunnels size

TECHNICAL CONSIDERATIONS

Graft choice: allograft versus autograft, soft tissue tendons versus bone-tendon grafts, ipsilateral versus contralateral graft

Surgical technique: all-arthroscopic versus outside-in, single-bundle versus double-bundle, transtibial versus anatomic.

Removal of hardware: fluoroscopy, universal set of instruments

Other procedures: high tibial osteotomy, treatment of cartilage injuries, meniscectomy vs meniscal repair, meniscal transplant, posterolateral 
corner injuries, medial collateral ligament
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there is no identifiable cause, an ACL reconstruction 
can be considered a relative failure when the outcomes 
– as indicated by patient-based outcome measures 
– do not correspond with the patient’s expectations. 

This   generally corresponds with the practice of an 
athletic activity or sport. The possible causes of ACL 
reconstruction failures are listed and discussed below in 
[Table 2].

Instability 
Recurrent instability is defined as failure of the 

reconstructed ligament to provide adequate anterior 
and/or rotatory stability to the knee. Various etiologies 
of recurrent instability have been identified [Table 2].  
Additionally, they can be divided into two main groups 
regarding the onset: early (<6 months) or late (>6 
months) instability (7).

Instability secondary to abnormal mechanical loads
Well positioned or not, abnormal mechanical loads may 

damage an ACL graft, through either an acute traumatic 
event (traumatic rupture) or chronic repetitive micro-
traumatisms (non-traumatic ruptures). Instability after 
ACL reconstruction can be precipitated by an acute 
rupture or loosening of the graft, stresses of daily life, 
or a sports accident.  These can occur in patients with 
adequate or inadequate graft function.

Traumatic failure of ACL reconstructions has been 
estimated to occur in between 5% and 10% of cases 
(28).  However, the true incidence is probably higher, 
as shown above with the MARS cohort (12). Other 
authors have reported as high as 43% of cases of ACL-
reconstruction failure were a consequence of an acute 
traumatic event (22-29). 

Harner et al. included early and aggressive rehabilitation 
as causes of traumatic failure of ACL reconstruction 
(30). Clancy observed in animals that the graft is 
undergoing intense biological bone incorporation and 
vascularization between 6 and 12 weeks, thus aggressive 
rehabilitation and/or increased physical activity in this 
early postoperative phase may increase the risk of injury 
of the graft (31).  Indeed, this has been supported in 
human patients as well. During the first year after the ACL 
reconstruction, the strength and resistance of the graft are 
only 30% and 50% of the original ACL, respectively (31, 
32). Excessive loads in this period may induce a plastic 

Figure 1. Etiologic factors of the failure of ACL reconstruction.

Table 2. Etiologic classification of failure of ACL reconstruction

1. INSTABILITY

Abnormal mechanical loads Acute traumatic event

Chronic repetitive movement

Inappropriate accelerated 
rehabilitation postoperatively

Non-anatomical tunnel placement Anterior femoral tunnel

Posterior femoral tunnel

Anterior or posterior tibial tunnel

Vertical femoral tunnel

Medial or lateral tibial tunnel

Misdiagnosed associated injuries Medial collateral ligament

Posterolateral corner

Posterior cruciate ligament

Failure of graft fixation Failure of fixation method

Failure of graft tension

Failure of graft isometry

Failure of graft selection

Failure of graft incorporation

Failure of graft due to infection

2. STIFFNESS

Primary

Secondary Inappropriate rehabilitation 
postoperatively

Deficient surgical technique

Surgery at acute phase of injury

Infection

Complex regional pain syndrome

Synovitis and hematoma

3. PAIN

Patello-femoral pain

Donor site pain Patellar tendon

Hamstrings

Femoro-tibial osteoarthritis

Residual meniscal tears

Synovial disease

Neuroma

Complex regional pain syndrome
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the surgeon to a more anterior aspect of the femoral 
ACL footprint (6, 28, 29, 45). The drilling of a poorly 
placed anterior femoral tunnel may also result from an 
insufficient visualization of the posterior wall, or its 
confusion with the “resident’s ridge”, which separates 
both fascicles of the native ACL. Even small changes in 
the placement of the femoral tunnel towards the tibial 
center of rotation may impact the kinematics of the 
knee (42, 46-48). A graft fixed at knee extension in a 
femoral tunnel drilled too anteriorly may: (1) lead to 
a very tightened graft when the knees flexes, reducing 
the range of knee flexion, or (2) lead to graft stretching 
and resultant laxity of the graft (36, 49, 50). If the 
graft is fixed and tightened at knee flexion, then the 
graft will be loose at knee extension.  Furthermore, 
if the tibial tunnel is excessively anterior, additional 
impingement of the graft into the superior aspect of 
the inter-condylar groove may occur. Nonetheless, 
a recent study found that failure due to excessively 
anterior tunnel placement is a predictor of a better 
result in the subsequent ACL-revision reconstruction, 
as avoiding tunnel overlap becomes easier to achieve 
during surgery (44) [Figure 3]. 

When the femoral tunnel is too posterior, the graft may 
tighten in knee extension and have laxity on flexion; 
this may cause eventual weakness. If the graft does not 
break, then the knee may adapt to this circumstance 
by creating a knee flexion contracture with a deficit of 
complete extension. The biomechanical effect of this 
could impair the gait and cause anterior knee pain due 
to overload of the patello-femoral joint. In this case, graft 
fixation can be done in extension to compensate for the 
tunnel malposition, but the deficit of knee flexion may 
still develop (47).

Originally, less importance was given to the position 
of the tibial tunnel with respect to its contribution 
to postoperative outcomes because of a wide area of 
isometry in the sagittal plane (37-40). The orientation 

deformity and a lengthening of the graft.
Chronic repetitive micro-traumas may cause graft 

loosening that leads to failure. According to a review 
by Karmath et al., the cause of failure in 24% to 100% 
of cases was repetitive trauma (7). The failures are due 
to chronic repetitive micro-traumatisms, often related 
to inadequate surgical technique and non-anatomical 
tunnel placement (29, 33-35). 

 
Instability secondary to non-anatomical tunnel 
placement

The influence of non-anatomical tunnel placement 
on knee stability has been clearly identified (36-43). 
Karmath et al. reviewed the literature regarding results 
after revision ACL reconstruction and reported that 
technical errors accounted for 22% to 79% of failure 
cases and 70 to 80% of these may involve non-anatomical 
tunnel placement (3, 7).

Inadequate reproduction of the native ACL anatomical 
footprints of either the femoral, tibial or both tunnels 
may increase graft stress and produce modifications 
in graft length and tension. From the MARS cohort, 
femoral tunnel malposition was reported to be the most 
common technical failure (80%), followed by tibial 
tunnel malposition (37%)(12). Note the denominator is 
> 100% because surgeons were instructed to ‘‘check all 
that apply’’ (43). 

Errors in sagittal plane
The placement of the femoral tunnel too anterior in 

the sagittal plane is the most common technical mistake 
related to bone drilling that may cause a failure of ACL 
reconstruction [Figure 2] (44).

Some authors have postulated that the transtibial 
drilling technique may lead to non-anatomic femoral 
tunnel placement because the tibial tunnel drives 

Figure 2. Excessive anterior femoral tunnel location (MRI sagittal 
view).

Figure 3. Suitable femoral tunnel positioning leaving 2 mm of 
posterior wall (arthroscopic intraoperative view).
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of the tibial tunnel in the sagittal plane should allow the 
fibers of the ACL graft to be parallel to Blumensaat’s line 
when the knee is in extension [Figure 4]. 

To achieve this orientation, it has been suggested that 
the tibial tunnel should be placed in the anteromedial 
fibers of the native ACL footprint (30, 37-39, 51, 52). 
However, other authors defend the placement of the 
tibial tunnel in the posterolateral fibers of native 
ACL footprint to prevent the risk of impingement on 
extension and/or contracture on knee flexion (30, 38, 
39, 41, 51, 53) [Figure 5].

As stated before, a tibial tunnel too anteriorly placed 
may produce an impingement between the graft and 
the superior aspect of the inter-condylar notch when 
the knee is in extension. Consequently, the increased 
tension may interfere with the biological incorporation 
of the graft, may cause a cyclops syndrome or may 
cause a loss of knee extension (26, 37, 39, 51, 54-
59). A tibial tunnel overly posterior may result in 
impingement against the posterior cruciate ligament 
and cause an excessive knee laxity in flexion and knee 
stiffness in extension. However, in patients with “genu 
recurvatum,” the placement of a more posterior tibial 
tunnel than usual may be indicated. This may also 

necessitate additional reaming of the superior aspect 
of the inter-condylar notch to achieve a complete range 
of motion and prevent the impingement of the graft in 
extension (37, 55, 60).

Errors in the coronal plane
With regards to the coronal plane, a centered and 

vertical femoral tunnel (near 12 o’clock instead of 10 or 
1 o’clock position) may restore anteroposterior stability 
but produce a rotational instability with a positive pivot 
shift test (61,62) [Figure 6]. A tibial tunnel placed too 
medially may produce an impingement of the graft with 
the medial femoral condyle and the posterior cruciate 
ligament. On the other hand, an excessively lateral 
position of the tibial tunnel may generate an impingement 
of the graft with the internal aspect of the lateral femoral 
condyle and create a rotational instability. Both of these 
occurrences may produce injuries to the tibial plateau 
cartilage when the drilling is performed (13, 34, 38, 51, 
63, 64). Table 3 summarizes the most common mistakes 
in the placement of both femoral and tibial tunnel and 
the consequences on the graft.

An anatomic reconstruction that restores normal 
knee function may deliver better results and decreased 

Figure 4. Posterior location of the tibial tunnel showing ACL 
reconstructed fibers non-parallel to the Blumensaat line.

Figure 5. Intraarticular guide pin exiting at the anteromedial 
aspect of the ACL tibial footprint (arthroscopic intraoperative 
view from AL portal).

Table 3. Summary of common mistakes in femoral and tibial tunnel placement and its consequences on the graft

Tunnel Position Consequences on the graft

Femoral

Anterior Excessive tension in flexion or stiffness in extension

Posterior Excessive tension in extension or laxity in flexion

Central/Vertical Rotational instability

Tibial

Anterior Excessive tension in flexion or impingement against intercondylar notch in extension

Posterior Excessive tension in extension or impingement against the posterior cruciate ligament

Medial Impingement against the medial femoral condyle or against the posterior cruciate ligament

Lateral Impingement against the lateral femoral condyle
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rates of instability. Some surgeons argue that a 
double-bundle reconstruction of the ACL restores 
native knee biomechanics more effectively,  although 
there is still no consensus over the technique of 
choice. Both cadaveric and in vivo studies have 
demonstrated greater rotational knee stability with 
the double-bundle technique compared to the single-
bundle ACL reconstruction (65-67). However, these 
results have not been consistently reproduced in all 
studies and the overall additionally, overall functional 
differences between the techniques have not been 
clearly identified (66). A recent meta-analysis found 
a potential benefit in adding a posterolateral bundle 
to ACL reconstructions (68). This is suggested by 
statistically significant differences between single- and 

double-bundle reconstruction for anterior-posterior 
laxity, as measured by KT arthrometer and Lachman 
test, and for rotational laxity, as measured by manual 
pivot-shift test (65). However, no significant differences 
in outcome measures were found among techniques 
when validated patient-reported outcome measures 
were used (68). Potential pitfalls of the double-bundle 
ACL reconstruction are the greater complexity of the 
surgical technique, the greater likelihood of mistakes 
in the tunnel placement, the lack of consensus on the 
tension of both fascicles, or the rupture of the bone 
bridge between tunnels. When a patient has a tibial 
or femoral ACL insertion site of less than 14 mm in 
diameter, a double-bundle reconstruction can present a 
challenge, and thus a single-bundle reconstruction may 
be indicated. The size of the harvested tendon dictates 
the tunnel size, and could potentially limit the option 
for double-bundle reconstruction. Other indications for 
single-bundle reconstruction are open physes, severe 
bone bruising, a narrow notch, arthritic changes, and 
multiple ligamentous injuries (69). The use of double-
bundle ACL reconstruction makes the revision surgery 
of failed reconstructions difficult because of the greater 
number of tunnels and because of the widening of the 
tibial ACL footprint. Also, it is questionable whether 
double-bundle ACL reconstruction protects the menisci 
and reduces the development of knee osteoarthritis 
more than the anatomic single-bundle reconstruction. 
All these issues argue against the systematic use of the 
double-bundle ACL reconstruction. 

Instability secondary to misdiagnosed associated 
injuries

When the ACL ruptures, an assessment of the rest of 
the ligaments of the knee cannot be omitted. Associated 
lesions can compromise the future of the graft due to 
residual instability. Lesions in structures such as the 
medial collateral ligament (MCL), lateral collateral 
ligament (LCL), posterolateral corner (PLC), posterior 
cruciate ligament (PCL) or the posterior capsule must be 
ruled out.  In addition, procedures such as meniscectomies 
(especially involving the posterior horn of the medial 

Figure 6. Verticalized femoral tunnel using transtibial technique 
for ACL reconstruction (coronal sequence on MRI).
Special consideration: Double-bundle ACL reconstruction technique.

Figure 7.  A. Guide pins showing anatomic insertion points during MCL reconstruction with Achilles tendon allograft.  B. Tibial tunnel drilling 
during MCL reconstruction with Achilles tendon allograft.  C. Final fixation and tensioning at 30ª angle for MCL reconstruction with Achilles 
tendon allograft. The flexible guide is used for interference screw insertion. Anteriorly, the other half of the Achilles tendon allograft is shown 
exiting from the tibial tunnel created during the ACL concomitant reconstruction.
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meniscus) can alter knee biokinetics, which can increase 
the total load over the ACL.

Percentages reported in the literature vary, but it is 
estimated that more than 15% of ACL reconstruction 
failures may be a result of missing a diagnosis of an 
associated ligament, meniscus or cartilage lesion at the 
time of surgery. In 1995, Getelman et al. published a study 
of 26 cases of failed ACL revisions and reported that 
15% (4/26) were due to accompanying posterolateral 
and anteromedial instabilities (33).

Medial collateral ligament 
The association of ACL and MCL injuries (anteromedial 

instability) calls for a simultaneous action on both 
structures, as a failure of the MCL implies an increase 
in the tension on or loads of the ACL.  The reported 
incidence of ACL failure after a missed collateral 
instability or malalignment is between 3% and 31% 
(43). Possible treatment options for MCL reconstruction 
are multiple and include the use of auto or allograft. 
The preferred technique for the senior author at our 
insitution is to reproduce the MCL anatomy through 
a medial knee approach centered over the medial 
femoral epicondyle with tendon allograft. The tunnels 
for the ACL reconstruction should be drilled first; the 
graft should then be fixed in the femur. The MCL is 
then addressed before tensioning and tibial fixation 
of the ACL reconstruction. MCL fixation to the medial 
epicondyle is executed, then the isometric point of the 
MCL is placed at the anteromedial surface of the tibia.  A 
tunnel is drilled in the tibia for the graft to pass through 
and be anchored [Figure 7]. 

The MCL technique can also be varied, such as using a 
double-stranded semitendinosus autograft reconstruction 
technique for the MCL. The semitendinosus distal insertion 

is left attached to the tibia, and dissection is carried 
directly down to bone in the femoral footprint to allow for 
placement of a fully threaded cancellous screw and spiked 
washer or an interference screw fixation system. If severe 
anteromedial instability is present and the patient has 
previously undergone a medial menisectomy, an internal 
meniscal transplant may be considered (52).

Posterolateral corner
Posterolateral instability is probably the associated 

injury that is overlooked the most often. Gersoff and 
Clancy estimated that the incidence of posterolateral 
instability in patients with chronic ACL deficit is 10-
15% (70). When the ACL and the posterolateral corner 
both fail, a simultaneous reconstruction is advised. The 
surgical treatment could include a primary repair of 
acute lesions or a delayed reconstruction of the LCL and 
popliteal tendon [Figure 8]. 

Occasionally, when an extreme varus deviation and 
a lateral thrust are present, a valgus tibial osteotomy 
could be indicated to avoid a failure of the ACL graft from 
chronic repeated elongation (52, 71).

Posterior cruciate ligament
ACL and PCL injuries seldom present together and 

require careful decision-making when they do. Generally, 
it is best to reconstruct the PCL first and return the 
tibia to its anterior position; reconstruction of the ACL 
may be achieved in a subsequent surgery [Figure 9]. 
If by mistake, the ACL was fixed first in a posteriorly 
displaced tibia, it would predictably lead to ACL failure. 
The main reason to adopt this staged surgery is that the 
rehabilitation for ACL and PCL reconstructions differ.  The 
PCL requires a slow rehabilitation concerning motion; 
the predominant work is on the quadriceps muscle.  The 
ACL reconstruction benefits from early rehabilitation 

Figure 8. Posterolateral corner reconstruction using Achilles tendon 
allograft. The distal graft is seen exiting through the anterolateral 
aspect of the proximal tibia. 

Figure 9. Arthroscopic intraoperative view of a monofascicular 
reconstructed PCL using Achilles tendon allograft.  
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with specific work on the ischiotibial muscles, which 
are ACL agonists. However, some authors have reported 
satisfactory results with simultaneous ACL and PCL 
reconstructions (72-74).

Instability secondary to failure of graft fixation
Failure of the fixation method [Figure 10]

Kurosaka et al. established that the weakest point 
of a fixation is the weakest link during the immediate 
postoperative period (75).  For this reason, a solid 
fixation is essential to prevent changes in the position 
of the graft inside the tunnel, keeping in mind that bone-
bone integration happens faster than soft tissue-bone 
integration (52).

The resistance of the fixation depends on the type 
of graft and fixation used and on the quality of the 
bone. The fixation of bone-patellar tendon-bone (BTB) 
is more secure and presents fewer problems than 
hamstrings fixation; however, the ideal placement of 
the bone plugs can present a technical challenge. For 
the BTB fixation, the interference screws have proven 
to be more effective than staples, posts or other devices 
(75,76).  Yet, screws can pose problems at the time of 
fixation, such as being driven into the tunnel, divergence 
caused by the screw, rupture of the bone plug or screw, 
damage of tendinous fibers, among others. Usually, 
extra-cortical suspensory systems are employed for the 
fixation of the quadruple reconstruction of hamstrings, 
although interference screws and staples could also be 
used.

Failure of graft tension and isometry
An inadequate tension on the reconstruction at the time 

of fixation, either too much or too little, could be a reason 
for its failure. The ideal tension of the reconstruction at the 
moment of fixation depends on various factors including 
length, flexibility and elasticity of the graft, as well as on 
the preconditioning of the graft and the position of the leg 
during fixation (29). Along these lines, knee flexion angles 
that are not between 0˚ and 30˚ have a greater influence 
over the final strength of the graft than the applied tension 
from the surgeon (49, 77). 

Yoshiya et al. in their experimental study on dogs, 
observed that, when increased tension diminished 
vascularization and incorporation of the graft was 
delayed, myxoil degeneration resulted (78). Another 
study measured the tension of ACL reconstructions 
after several cycles of knee flexion and found a 
significant early loss of graft tension despite a thorough 
preconditioning protocol (79). A lack of tension 
can result in a residual instability (52). Conversely, 
excessive tension on the reconstruction, especially 
with BTB technique, can increase articular pressure. 
The patient may interpret this as stiffness and pain; 
increased articular pressure may even lead to the 
development of arthritis

An ideal intra-operatory tension has yet to be defined 
(17).  However, a recent meta-analysis found adequate 
evidence to suggest the ideal amount of tension for an 
ACL reconstruction, using hamstring–polyester graft, 
is 80 N. For reconstructions using semitendinosus-
gracillis tendon (ST-G) or patellar tendon grafts, no 
consensus exists for the ideal graft tensioning (80). 
Jaureguito and Paulos recommend a tension of 2.3 - 4.5 
kg (5-10 lbs.) for the BTB technique, at a knee flexion 
of 10˚-15˚(25). Hamstrings are fixed with a greater 
tension 4.5 - 6.8 kg (10-15 lbs.) with the knee at 20˚-30˚ 
of flexion. With an even more practical approach, Howe 
et al. established that the tension applied to the graft at 
the moment of fixation should be enough to eliminate 
the anterior displacement of the tibia while allowing 
complete knee motion (17).

Once the graft is fixed to the femur, repeated flexing-
extending cycles of the knee must be done in order 
to preinstall the graft before the fixation (81). This 
reduces the elongation of the graft after fixation and 

Figure 10. AP view Xray showing different fixation methods in a 
patient with a previous history of multiple ACL reconstructions. 
In the femur, a metallic interference screw and a variation of 
suspensory cortical device is demonstrated. Fixation devices 
visualized on the tibia are a metal staple and a screw-post system 
with a spiked head.

Figure 11. Autologous hamstrings tendons prior to preparation 
and inmediately after extraction.
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allows the surgeon to verify that the graft does not have 
any movement at the tibial exit, proving that it is at an 
isometric position. Before tibial fixation, the tension of 
the graft is tested with the probe under arthroscopic 
control and the surgeon’s perception must be that the 
tension is the same or very close to the one felt with a 
normal ACL.

Regarding the double-bundle techniques, the dynamic 
role of the anteromedial and posterolateral bundles 
in stability at different angles of flexion is not clear. 
The anteromedial bundle has a constant tension from 
complete extension to 90˚ of flexion, whereas the tension 
of the posterolateral bundle decreases at greater angles 
of flexion (82). 

Instability secondary to failure of graft selection
Recently, systematic reviews on randomized 

prospective studies that compare the hamstrings 
with BTB grafts have suggested that the type of graft 
is not the main determining factor for success in ACL 
reconstructions. These studies confirm that the use of 
hamstrings prevents anterior knee pain, while patellar 
tendon grafts offer more stability (83).

Since most of the failures are a result of technical 
errors and not of graft choice, the surgeon’s technical 
experience is of most importance. The autograft BTB 
technique has been the gold standard for many years; 
nevertheless, the use of the quadruple ST-G graft has 
gained popularity [Figure 11; Table 4]. shows the pros 
and cons of each type of autograft. Other possibilities, 
though used less often, are the quadriceps tendon and 
iliotibial band. 

Among the advantages of the autograft are faster 
integration to bone and no risks of disease transmission or 
immune reactions. Nonetheless, the morbidity at the site 
of extraction as well as the potential limitations of the size 
of the graft are worth discussing. Additionally, the use of 
autografts imposes a limitation in the chance that revision 

surgery is required. In these cases, ipsilateral BTB grafts 
are often the choice if it has not been previously used in 
the primary surgery; if it has, the contralateral BTB can 
be used (84,85). The repeat use of BTB or of quadruple 
ST-G have also succeeded, although there are doubts 
about the mechanical properties of the re-extracted 
autograft.  For this reason, reuse is not advised (52, 84, 
86-90).  Yet Rubinstein et al. have used re-extracted auto-
graft without encountering greater complications (91). A 
history of patello-femoral problems in the patient should 
cause the surgeon to consider options other than the BTB 
autograft for ACL revision (45, 87, 92). 

Incrasingly, allografts are being used in revision and 
primary surgeries. Among the potential graft choices 
are Achilles tendon [Figure 12], tibialis anterior, 
tibialis posterior, patellar tendon, quadriceps tendon, 
iliotibial band and hamstrings. They offer advantages 
such as decreased morbidity, absence of complications 

Figure 12. Achilles tendon allograft exiting through the tibial 
tunnel during ACL reconstruction. Tibial fixation was achieved 
using two 8-mm metal staples.

Table 4. Fundamental differences classically associated to the use of BTB or ST-G autografts

Pros Cons

BTB

- Fixation with osseous plug
- Greater revascularization capacity
- Less failure
- Greater tensional strength
- Better flexion
- Faster and more vigorous return to sports
- Better Tegner Score

- Anterior knee pain
- Late arthritis, specially patellofemoral
- Kneeling difficulty
- Knee flexion and extension difficulty
- Less strength at extension (first 6 months)
- Patellar tendon shortening
- Sensation reduction in medial region
- More demanding technique
- Skeletal immature patients

ST-G
- Extension ease
- Less anterior knee pain
- Less kneeling pain

- Reduction in flexion strength (first 6 months)
- Posterior knee pain
- LCA agonist muscles weakening
- Bone-soft tissue fixation
- Tunnels widening
- Internal saphenous neuromas
- Hematomas



FAILURE OF ACL RECONSTRUCTION
THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR

VOLUME 3. NUMBER 4. OCTOBER 2015

)229(

at the graft extraction site, shorter surgical time 
and more options for sizing and shaping of the graft. 
Among the worries are the biologic integration, the 
risk of transmitting diseases, the adjustment of the 
size to the receptor, and the availability and cost (93-
99). Possible transmission of diseases is one factor 
that discourages the extended use of allografts, as 
the risk involved in fresh frozen allografts has not 
been completely extinguished. It is estimated that 
the infection risk is 1/1,000,000 cases, as long as 
the guidelines of the American Association of Tissue 
Banks are strictly followed. To eliminate this risk, a 
secondary sterilization with gamma ray radiation at 
3 mrads may be of benefit; however, this dose may 
also weaken the mechanical properties of the graft, 
the integration rate and immunogenesis (93-97). For 
this reason, after sterile extraction, the allograft is 
quickly frozen at -80˚C (-112˚F); this eliminates the 
cellular viability but maintains mechanical properties 
of the tissue (100,101). Several studies have failed to 
identify significant differences between autografts and 
allografts at one-year follow-up (33, 34, 102-104). 

Therefore, because no graft has been shown to be ideal 
in all situations, each case must be individually evaluated. 
Factors such as the previous use of the graft, the condition 
and width of tunnels, the presence of patello-femoral 
symptoms, the presence of scars on the skin, and the 
patient’s preference, among others, should be taken into 
account. Rehabilitation should be individualized keeping 
differences in biologic behavior and integration times of 
the autografts and allografts in mind (52).

While popular in the 80s, artificial ligaments like 
Dacron and Gore-Tex have been discarded due to the 
great number of complications they developed, such as 
loosening and mechanical failure, synovitis, osteolysis, 
persistent pain and infections (92, 102, 103, 105-107). 
If one of these artificial ligaments must be removed, it 
should be done in whole.  Remaining artificial ligaments 
could produce an inflammatory response resulting in 
widening of the tunnels and cartilage degeneration, 
possible necessitating a synovectomy. A staged 
procedure is frequently necessary, especially when there 
is an accentuated osteolysis and widening of the femoral 
tunnel (52).

Instability secondary to failure of graft incorporation
In the absence of surgical technical errors or 

subsequent trauma, when a knee with either an 
autograft or allograft ACL reconstruction becomes 
unstable, it is considered have a biologic failure of 
graft integration (45). It is well known that, once 
implanted, any auto or allograft undergoes biologic 
processes such as graft necrosis, revascularization, 
cellular repopulation, deposition of collagen fibers and 
remodeling, a process that is known as ligamentization 
(30, 54, 108). A delay in revascularization of the graft, 
due to excessive tension, inadequate postoperative 
immobilization, infection or immune reactions, 
postpones graft integration (76,108,109).

During the ligamentization phase the graft is particularly 
sensitive, requiring very careful rehabilitation; this is 

especially true when allografts are used (93, 110). In 
animal models, the ligamentous graft integration is 
slower than the BTB ones, although this has not been 
proven clinically (111).

Instability secondary to failure of graft due to infec-
tion

Infections should be classified under the category 
of biologic failure, though technical factors during 
the surgery or postoperative period could have an 
influence. Infection is rare in this surgery, with a 0.5% 
rate of occurrence, but it can be devastating when it 
occurs. The persistence of clinical signs such as fever 
higher than 38˚-39˚C (100˚-102˚ F), elevated laboratory 
results (leukocytosis, high C-reactive protein (RCP) 
and erythrocyte sedimentation rate (ESR)), pain at 
the subquadricipital pouch and/or a knee effusion 
of infectious or inflammatory characteristics, should 
signal the immediate need for abdundant joint 
irrigation.  Arthroscopic lavage and debridement with 
associated wide-spectrum empiric antibiotic therapy 
should be started while waiting for culture results. 
The decision to remove the graft should be made on 
an individual basis, although early lavage is often 
sufficient to resolve the issue. Factors for consideration 
include the extension of the infection, causal organism, 
type of graft (especially artificial) and the type of 
fixation. In cases of an irreversible deterioration of the 
graft, the revision surgery should not be considered 
until 6 weeks have passed, the laboratory values have 
returned to normal, and the signs and symptoms of 
infection have subsided (82, 112-114).

Stiffness
The most common complication after an ACL surgery 

is stiffness, with an incidence between 5.5% and 24%.  
Stiffness can result in deficits of knee motion (loss of 
flexion, extension or both), which could range from a few 
degrees to complete stiffness (24, 115,116).

Generally, the loss of extension produces functional 
problems, mainly because of secondary overload of 
the patello-femoral joint due to a flexed gait.  Also, 
loss of extension makes it difficult to gain quadriceps 
strength, which worsens patello-femoral problems 
(24,  115).  Depending on the patient’s lifestyle , a side-
to-side extension deficit of more than 5° may lead to 
complications (117). A lack of flexion would only become 
significant during certain activities such as climbing 
stairs, crouching, sitting or kneeling.

There are two accepted causes of motion deficit and the 
subetiologies that originate from them. These two main 
groups, primary arthrofibrosis (adhesive capsulitis) and 
secondary arthrofibrosis, are discussed below (20, 24, 114).

Primary arthrofibrosis
Adhesive capsulitis or arthrofibrosis has been defined 

as a scarring process that occurs with the formation 
of adherences and fibrous tissue secondary to an 
inflammatory process or an intra-articular effusion 
of any etiology. Knees with adhesive capsulitis are 
very painful and have persistent inflammation, 
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flexion or extension motion deficits (losses range 
between 10˚ in extension and 25˚ in flexion), patellar 
motion alterations, and low patella and infra-patellar 
contracture syndrome (20, 23, 26, 117).

Primary arthrofibrosis, by definition, does not have an 
identifiable cause. Histologically, primary arthrofibrosis 
is seen as an exaggerated endothelial proliferation 
and a disorganized disposition of the protein matrix 
caused by an activation and proliferation of fibroblasts. 
Additionally, a dense collagen deposition is common.  

Secondary arthrofibrosis
Unlike primary arthrofibrosis, secondary arthrofibrosis 

has a specific cause that limits the motion of the knee 
and triggers an exaggerated scarring response.

Inappropriate rehabilitation postoperatively
Either excessive postsurgical immobilization or post-

operative pain with repeated effusions could play 
an important role in the origin of arthrofibrosis. A 
soft, painless rehabilitation with avoidance of a large 
inflammatory reaction is advised. Ideal goals for short-term 
rehabilitation have not been defined, but postoperative 
knees should achieve complete extension and flexion of 
at least 90˚ by the fourth week, considering that the graft 
fixation allows a rapid complete extension.  Otherwise, 
extension exercises should be increased over time.

Deficient surgical technique
As it was described in detail above, tunnel malposition 

can lead to extension and/or flexion deficits, or worse, 
lead towards progressive loosening of the graft (6, 28, 
29, 45). Common causes for impingement are cyclops 
lesion, anterior tibial tunnel, inadequate trochleoplasty 
and large grafts (24, 53, 54, 115).

The Cyclops lesion consists of the anterolateral 
interposition of fibrous tissue in front of the tibial 
insertion of the new ligament, which will work as 
an end point during extension, thus limiting the last 
degrees of motion. Its formation can be minimized by 
carefully cleaning the rest of the cruciate ligament or 
by debridement during surgery.  Adequate positioning 
of the tunnels will prevent the anterior impingement 
that could damage some fibers of the graft and form a 
Cyclops lesion (55).

MRI is indicated to evaluate a possible impingement 
on the graft (29, 47, 51). The grafts that remain friction 
free will appear with a homogenous low-intensity 
signal similar to tendons, whereas impinged grafts 
demonstrate an irregular increase of the signal and a 
narrowing of their inner substance (51). To avoid friction 
in the trochlea, milling of the notch must be adequate, so 
that complete flexion-extension can be achieved without 
contact with the graft.

 
Surgery at acute phase of injury

ACL surgery performed too soon after the injury 
(less than 4 weeks) is thought to increase the rate of 
arthrofibrosis. However, a study by Mayr et al. implicated 
a pre-existing inflammatory reaction of the knee or 
the previous articular balance of the knee as predictive 

factors for arthrofibrosis (118). Ideal preoperative knee 
status is pain free, has a complete articular balance and 
no inflammatory signs.  If the surgery is performed in 
an acute phase, the immediate recovery period should 
be closely monitored; it is sometimes necessary to begin 
rehabilitation earlier. Particular attention is required for 
patients with an associated lesion of the MCL proximal 
site.  This can be an extremely painful area and limit the 
rehabilitation process.

Infection
Postsurgical septic arthritis can provoke fibrous 

adhesions that would trigger arthrofibrosis. Treatment 
recommendations are stated above.

Complex regional pain syndrome (CRPS)
Complex regional pain syndrome (CRPS) when it occurs 

in the knee provokes articular stiffness at its latest stages 
and should be considered within the diferential diagnosis.

Synovitis and hematoma
Despite the unpredictable character some complications, 

some of them could be potentially minimized by paying 
careful attention to details such as patient selection, 
timing of the surgery, preoperative medication, and 
the application of a refined, precise, careful and sterile 
surgical technique. Immediate postoperative and 
rehabilitation care are also crucial; special emphasis is 
given to achievement of complete extension, patellar 
mobilization, quadriceps and ischiotibial strength gain 
and progressive weight bearing.  Mechanical limitations 
of the graft should not be exceeded at any time.

No matter the cause of stiffness, its resolution in early 
phases must be oriented towards an intense, thorough, 
graft-preserving recovery. Tools at our disposal are 
continuous passive movement devices, casts or braces in 
extension, quadriceps and/or hamstring strengthening, 
passive mobilization and physiotherapy. Proper medical 
treatment can also minimize the pain and inflammatory 
process. The management of hemarthrosis and/or 
synovitis is also important in these cases, since important 
effusions could inhibit muscular activation of the 
quadriceps, producing an altered gait dynamic with loss 
of movement, especially at extension. In refractory cases, 
an arthroscopic arthrolysis must be performed, removing 
the abundant fibrous tissue recently formed and resecting 
possible cyclops lesions.  If impingement is present, a 
trochleoplasty could be necessary. Action over the graft 
is rarely necessary. If the deficit is mainly in extension, 
a cast with the knee in extension for 24-48 hours must 
be placed following surgery.  Once the mechanical factor 
is corrected a residual tension tends to develop in the 
posterior capsule (20, 24, 55, 115, 119).

On rare occasions, stiffness is great enough to render 
a reconstruction unnecessary. ACL graft resection could 
be advised to minimize the pressures on the articular 
cartilage and increase range of motion (20, 26, 117, 120).

Pain
Failure of ACL reconstruction surgery is not exclusively 

associated with stability.  Other circumstances, such as 
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persistent pain, may lead the patient to feel that a bad 
result was reached.  Pain alone is rarely a cause for 
revision of the reconstruction.  However, in refractory 
cases, reintervention might be needed.

 
Patello-femoral pain

Anterior knee pain is one of the most frequent 
complications after ACL reconstruction surgery, with 
an incidence that varies between 3 and 47% (19, 60). 
The existence of previous anterior pain, patello-femoral 
pre-existing lesions, flexion contracture, quadricep 
muscle weakness and aggressive rehabilitation with 
patellar tendon overload, will increase the risk of 
anterior knee pain (19, 121-123).

A specific case is the contracture of the patellar tendon 
accompanied with a low patella.  This can be seen as part 
of the infra-patellar contracture syndrome, resulting in 
increased contact forces of the patello-femoral joint. 
Noyes and Barber recommended avoidance of use of 
patellar tendon grafts [Figure 13] in certain situations: 
cases of previous extraction, patients with severe 
patello-femoral chondropathy, patellar malalignment 
cases, professions requiring frequent kneeling position, 
narrow patellar tendon and in patients with previous 
patellar tendinopathy (93). Shelbourne and Trumper 
studied a group of 602 patients who had anterior 
cruciate ligament reconstructions with autologous 
patellar tendon graft and did not find any differences 
compared to a control non-operative group with 
regards to anterior knee pain (122). They suggested 
that the increased incidence of anterior knee pain with 
an autologous patellar tendon graft can be prevented 
by obtaining full knee hyperextension postoperatively. 

Tibio-Femoral Osteoarthritis
One of the main objectives of ACL surgery is 

stabilization of the knee to prevent premature knee 
wear down. Previous lesions or any initial trauma that 
could have caused cartilage, ligamentous or meniscal 
lesions or bone bruises may predispose the patient to 
develop arthritis. In a study using MRIs to examine 54 
acute ACL lesions, the incidence of bone bruises was 
found to be as high as 80%, with 68% having a bone 
bruise in the internal region of the lateral femoral 
condyle and 54% in the posterolateral tibial plateau 
(124).  Both scenarios are concerning for the potential 
to lead to arthritis in the future (124, 125).

Residual meniscal tears
  Meniscal lesions are also frequent in patients with 

acute ACL tears (45% to 81% of cases) and slightly 
more frequent in the lateral meniscus.  When meniscal 
lesions cannot be repaired it can predisposes the knee to 
develop arthritis (126-132). 

Additionally, recurrent instability before or after the ACL 
reconstruction can compromise meniscal and cartilage 
tissue. The incidence of meniscal lesions in patients with 
chronic ACL instability is about 73% to 91%, with medial 
meniscus lesions occurring more frequently (128, 130). 
This is because the menisci function as secondary knee 
stabilizers, especially at the posterior horn of the medial 
meniscus (133, 134). Trojani et al. reported that patients 
who sustained a total meniscectomy before, during or 
after the primary or the revision reconstruction, had 
significantly poorer function and knee stability than the 
patients with conserved menisci (44). Moreover, a recent 
update from the MARS cohort reported that a previous 
partial menisectomy is associated with a higher rate of 
chondral changes at the time of revision, and that the 
incidence of chondrosis is lower after meniscal repair 
compared with menisectomy (135). This supports 
conserving or repairing the menisci, whenever possible, at 
the time of primary ACL reconstruction.  These preexisting 
lesions are not always repaired in ACL surgeries and can 
be a source of patient dissatisfaction. The surgeon must 
be aware that, in such cases, revision surgery is unlikely 
to achieve a completely satisfactory result. 

Relative Failure 
Patient-Reported Outcome

Despite normal findings on physical examination, some 
patients may be unsatisfied with the outcome of the 
surgery, especially when unable to return to previous 
level of activity and/or competitiveness. In these cases, 
patient-reported outcome scales may reflect suboptimal 
results and help pinpoint the problem area (27, 28). 
Many subjective patient-reported outcome measures 
for knee disorders exist (136). Some surgeons believe 
these patient-based outcome scales have greater validity 
than clinical evaluation. Clinicians and researchers must 
assess an instrument’s utility based on its applicability 
to their patient population of interest (137). The 
recommended instruments for ACL assessment are the 
Cincinnati, KOOS and Lysholm scales (137).

Poor muscle control, relative stiffness, joint laxity 

Figure 13. Intraoperative view during excision of bone-tendon-
bone patellar tendon.
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and generalized soreness are problems seen in the 
postoperative setting, which may be independent of 
the reconstructed ligament and may not improve after 
revision surgery. ACL revision surgery is a demanding 
technique and often results are poorer than those 
of primary surgery (4, 34, 35, 52, 85, 104, 138-141), 
especially when assessed by various patient-reported 
outcome measures (142). 

Difficulties such as cartilage and meniscal problems 
are reported in up to 90% of cases; varus alignment or 
ligament lesions can also affect results (4, 34, 35, 85, 
104, 138, 143). Many experts consider ACL revision 
surgery as a rescue surgery, with its primary objective 
being to restore stability and function for every-day 
activities. The patient should be advised that return 
to sports is not always possible, but the completion of 
an intense rehabilitation will maximize outcomes (21, 
144). Unrealistic expectations could turn a technically 
successful procedure into a subjective failure from 
the patient’s viewpoint (52, 113).  For this reason, 
sedentary patients or those who are willing to modify 
their level of activity should be considered for more 
conservative treatment (145).

Rehabilitation Impact on ACL Failure
As stated above, a deficient postoperative rehabilitation 

program may explain many of the clinical signs and 
symptoms causative of failure. A poorly planned and 
executed rehabilitation program may lead to an ACL 
reconstruction failure by itself, even after a correct 
primary surgery. 

With current rehabilitation techniques, the graft 
undergoes more cycles of flexion in the early 
postoperative stage than before, which increases the 
probability of failure. The process is often progressive 
and smooth until the failure is produced. Individual 
fibers start to fail; the volume of the ligamentous remnant 
decreases and could reduce the resistance of the graft.  
This contributes to elongation and failure of tenser 
fibers, leaving the knee with an abnormal anterior laxity.

Rehabilitation after ACL revision surgery must be 
different and more conservative than the aggressive 
protocols used for primary surgery. Patients must 
remember that results are less predictable and that they 
should not exceed the limits indicated for them. Each 
rehabilitation protocol must be individualized and based 
on the type of reconstruction performed, the strength of 
the fixation and the type of graft used.  Using crutches 
when walking for 6 weeks is advised, is delayed return 
to intense activities (52).

Diverse studies have detailed key factors during 
functional recovery after ACL reconstructive surgery 
[Table 5] and certain protocols set standards to allow a 
patient to return to restricted activities or sports when 
specific criteria are met [Table 6] (146).

Revision ACL Surgical Tips
Establishing realistic goals and expectations is 

important, especially when the only evidence of a primary 
ACL reconstruction failure is patient dissatisfaction. In a 
study using the MOON cohort (Multicenter Orthopaedic 
Outcomes Network), researchers found that patients 
who underwent a revision ACL surgery usually scored 
poorer on patient-based subjective measures of 
outcomes and functionality compared with primary ACL 
reconstruction (147).   

When ACL reconstruction has failed due to non-
anatomical tunnel placement, one of the most important 
aspects of the revision surgery is to ensure adequate 
visualization of the previous tunnels and the integrity of 
the postero-medial wall of the lateral femoral condyle. 
Occasionally, trochleoplasty can be needed, especially 
with narrowing or osteophytes in the intercondylar 
notch. Once these previous steps have been conducted, 
drilling of the new tunnels may be performed as close 
as possible to their anatomical location. If possible, 
both tunnels should be placed far enough and divergent 
enough from previous tunnels to ensure adequate knee 
stability and prevent tunnel overlapping (4).

In order to avoid a previous non-anatomical femoral 
tunnel, an anteromedial parapatellar portal can be 
created in front of the medial femoral condyle and as 
low as possible; special care has to be taken to avoid 
damaging the medial femoral condyle and the anterior 
horn of the medial meniscus respectively. The drilling of 
the femoral tunnel should be performed with at least 90º 
of knee flexion in order to decrease the risk of damage to 
lateral neurovascular structures and to ensure proper 
tunnel length [Figure 14; 15]. 

If the posteromedial wall of the lateral femoral condyle 
is insufficient, several surgical options still can be 
performed to create a new anatomic femoral socket: a) 
extra-cortical fixation with suspensory devices; b) over-
the-top fixation through a lateral post; c) changing the 
orientation of the femoral tunnel through the use of an 
accessory anteromedial portal; d) using the classical open 
outside-in drilling technique 4; and e) new options such 
as retro-drilling arthroscopic outside-in technique.

Table 6. Standard criteria for allowing patients to return to 
restricted activities or sports (160)

Complete range of motion.

Quadriceps strength over 85% of contralateral side.

Hamstrings strength of 100% of contralateral side.

Good ischio/quad muscle balance over 70%.

One-legged jump of 85% of length of contralateral side.

KT-1000 measured difference of less than 3mm between knees.

Table 5. Key factors for functional recovery after ACL recon-
struction surgery

Active extension produces an important stress on the ACL graft. It 
must be performed with assistance during the first weeks limited 
from 30˚ to 0˚.

Open chain exercises produce maximal shearing forces.

Close chain exercises do not produce stress on the ACL graft.
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Hardware removal is another factor to consider 
and should be planned in advance as it may involve 
intraoperative difficulties, longer surgery and a loss of 
bone stock;, thus hardware should only be removed when 
it is in the way of the new tunnels. Sometimes previous 
hardware can be useful in avoiding old tunnels when 
the new ones are drilled. New screws should be placed 
with caution, taking care that they do not enter into the 
old tunnels. If both communicate, the graft should be 
positioned in contact with the “healthy” wall instead of 
the old tunnel. When removal of previous interference 
screws is necessary, it is imperative to have an adequate 
screwdriver and to reproduce the degree of portal and 
knee flexion used during insertion. If previous screws 
are not removable, it is possible to drill over them if 
they are reabsorbable. If staples were used, it is strongly 
recommended to have the appropriate extractors and 
to consider the potential bone loss after removal, which 
could affect tibial fixation (52).

Two-stage revision surgery is necessary in cases of 
tunnel widening [Figure 16], synovial fluid fistulas 
through the tunnel or artificial grafts with severe 
synovitis. In such cases, an initial surgery may be 
performed to remove remnants of the previously 
reconstructed ACL and place the bone graft into the 
old tunnel [Figure 17]. Tunnel widening occurs more 
commonly when using soft tissue or synthetic grafts 
(4). This situation usually arises when the graft does 
not exactly match the tunnel width and may have been 
diminished by using interferential screws that locked 
the graft as close as possible to its entrance into the joint 
in both femur and tibia.

Two-stage revision surgery may also be needed with a 

ROM deficit of more than 5º in extension or 20º in flexion, 
as well as in cases of active infection. Two-stage revision 
usually requires a 4 to 6-month gap between procedures. 
Surgeon and patient have to be aware that this prolonged 
period of instability can produce secondary chondral 
and/or meniscal injuries (148). In general, what seems 

Figure 14. Anatomic positioning of the femoral tunnel (MRI 
coronal view).

Figure 15. External intraoperative view showing a guide pin 
through the accessory anteromedial portal used for femoral 
drilling. An expanding tunnel device is shown inferiorly positioned 
and exiting from the tibial tunnel.

Figure 16. Widened tibial and femoral tunnel (MRI sagittal view).
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to provide the most influence on the lack of success of 
an ACL revision surgery is the association of factors like 
a complete or partial menisectomy, articular cartilage 
damage, or additional operative procedures (149).

Results
Revision anterior cruciate ligament (ACL) reconstruction 

is believed to have an inferior outcome compared with 
primary ACL reconstruction. The available literature on 
the outcome of revision ACL reconstruction is sparse 
compared with that for primary reconstruction. A recent 
systematic review from Wright et al. included twenty-one 
studies where 863 of the 1004 patients had a minimum of 
two years of follow-up and concluded that Revision ACL 
reconstruction resulted in a worse outcome compared 
with primary ACL reconstruction (150). Patient-reported 
outcome scores were inferior to previously published 
results of primary ACL reconstruction. A dramatically 
elevated failure rate was noted after revision ACL 
reconstruction, nearly three to four times higher compared 
with prospective series of primary ACL reconstruction.

Some of the collected data from this study showed 
that objective failure occurred in 13.7% ± 2.7% of the 
patients (95% confidence interval, 8.0% to 19.4%). The 
mean Lysholm score was obtained in 491 patients and 
was 82.1 ± 3.3 (95% confidence interval, 74.6 to 89.5) 
according to a mixed-model meta-analysis. The mean 
IKDC subjective score in 202 patients was 74.8 ± 4.4 
(95% confidence interval, 62.5 to 87.0). The pooled 
demographic data were compared with data for the first 
460 patients in the Multi-center ACL Revision Study 
(MARS) cohort (12). Demographics in the two studies 
were similar, with only minor differences. 

This study also compared the pooled results of revision 
ACL reconstruction with those of large prospective 
studies and systematic reviews of primary ACL 
reconstruction that used the same outcome measures; 
both the mean Cincinnati and the mean Lysholm score 
were lower after revision ACL reconstruction than after 

primary reconstruction. A systematic review by Spindler 
et al. included nine studies of primary ACL reconstruction 
(151). The mean Cincinnati scores in the studies included 
in the Spindler meta-analysis ranged from 86 to 94 
compared with 81 in the systematic review from Wright 
et al (150). The Lysholm mean score was 85 in one study 
and >90 in other four compared with 82.1 for the revision 
ACL systematic review. Furthermore, the mean IKDC 
subjective score in the MOON (Multicenter Orthopaedic 
Outcomes Network) primary ACL reconstruction cohort 
149 was 84 compared with 74.8 in the mixed-model 
meta-analysis in the aforementioned systematic review 
study (150). 

Finally, the objective failure rate after revision 
ACL reconstruction in the present study was 13.7% 
compared with 3.67% after primary ACL reconstruction 
in the prospective studies analyzed by Spindler et al. 
(151); this is compared with the 2.9% at two years 
of follow-up in the MOON cohort and the 5.8% at a 
minimum of five years of follow-up in another recent 
systematic review (152). 

In another recent study, Gifstad et al. directly compared 
results after revision ACL reconstructions with primary 
ACL reconstructions (153). The revision group had 
significantly inferior KOOS and Lysholm scores compared 
with the primary group. Patients in the revision group 
also showed greater laxity measured with the pivot 
shift test, a larger reduction in the Tegner activity score, 
reduced muscle strength in the injured knee, and more 
severe radiological osteoarthritis; however, no difference 
in anterior-posterior translation was found.

Revision ACL surgery is a challenging procedure 
that necessitates consideration of many factors; 
satisfactory outcomes in revision surgery can be 3-4 
times lower than that of primary ACL reconstruction. 
Correct identification of the cause of failure, anatomic 
positioning of tunnels and careful, individualized 
rehabilitation protocol are the keys for success in a 
patient with realistic expectations.
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