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v

Drs. Alaia and Jones have assembled an outstanding group of clinicians and 
researchers to perform an in-depth review of the management and treatment 
of failed anterior cruciate ligament (ACL) reconstruction surgeries. The first 
direct repair of an ACL/PCL injury was performed in 1903, and the impor-
tance of the ACL was described in 1911. Jones remarked in 1916 that “stitch-
ing of the ligaments was futile,” and eventually in the mid-1970s, Feagin and 
Curl concluded that primary ACL repair without augmentation was of mini-
mal value. Hamstring grafts began to be used in the 1920s, fairly successfully, 
with patellar tendon grafts soon to follow. In the early 1960s, bone-patellar 
tendon-bone autografts began to be popularized. Synthetic grafts, beginning 
with carbon fiber, were attempted in the 1970s and 1980s, but quickly fell out 
of favor. Interestingly, the usage of various grafts such as fascia lata and 
meniscus for primary repair were still in vogue during my training years at 
the Mayo Clinic in the late 1970s. Allografts began to be utilized more fre-
quently during the 1980s beginning with fascia lata and freeze dried bone- 
ACL- bone allografts. Surgical techniques were becoming more refined and 
debated in the 1980s regarding the “outside in” method vs. the “inside out” 
method as well as the usage of “extra-articular procedures" which were the 
“standard of care” at that time. In 2003, the “double bundle” graft technique 
became popular despite the technical challenges of performing this 
procedure.

Utilizing many of these various constructs often resulted in tunnel malpo-
sition, residual ligamentous laxity, and osteolysis of the tibial and femoral 
tunnels. Furthermore, debate over which graft material to utilize at what age 
and when has unintentionally created significant failure modes requiring cre-
ative methods of repair.

In this book, indications for ACL revision as well as graft options will be 
reviewed. In addition, the majority of this treatise will deal with the manage-
ment of failed primary and revision ACL reconstructions. Not only are there 
soft tissue and structural repair issues that are critically important but also 
bone deficit lesions created by the initial surgery as well as concomitant 
issues such as meniscal insufficiency or bony malalignment.

Any surgeon who is performing ACL surgery should have this book avail-
able to deal with complex problems associated with the various failure modes 
which can occur regardless of whether the initial procedure was well per-
formed. I commend Drs. Alaia and Jones and their contributors on an out-
standing collection of chapters which literally cover the vast majority of 

Foreword



vi

issues associated with failed ACL surgery and management of unintended 
complications.

Jack M. Bert, MD, FAAOS 

University of Minnesota School of Medicine  
Past President Arthroscopy Association of North America, Cartilage 

Restoration Center of Minnesota, Woodbury Bone & Joint Specialists, Ltd
Woodbury, MN, USA
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Initial Workup of the Failed ACL 
Reconstruction

Justin W. Arner, Joseph J. Ruzbarsky, 
Rachel M. Frank, and Armando F. Vidal

 Causes of ACL Failure

The definition of ACL reconstruction failure 
remains somewhat controversial. It is perhaps 
best to view failure through the lens of success. 
Successful ACL reconstruction is defined as a 
stable, functional knee that allows the patient to 
return to all fitness and sporting activities without 
restriction or limitation. Therefore, failure can be 
defined as any deviation from that definition. The 
causes of failure and inability to return to func-
tion can be broad and beyond the scope of this 
chapter. This chapter will narrowly focus on ACL 
graft rupture, although it is noted that this is not 
the only defining feature of surgical failure.

ACL reconstruction failures can typically be 
attributed to technical considerations (most com-
mon), failure to recognize or address concomi-
tant ligament injuries, malalignment, biologic 
failure, rehabilitation failure, or new trauma. 
These causes are not mutually exclusive and fre-
quently coexist in the same patient. Identification 
of the contributors to failure is paramount to 
allow the surgeon to appropriately manage the 

revision scenario and to optimize the outcome 
from the revision procedure.

 Technical Considerations

Technical considerations leading to failure of a 
primary ACL reconstruction play a role in 
approximately 50% of cases [1–3]. Specifically, 
femoral and/or tibial tunnel malposition, which 
can lead to rotational instability or graft impinge-
ment, is the foremost cause. Additionally, failure 
of fixation, small graft size, and mal-tensioning 
of the graft are less frequent but notable technical 
considerations in evaluating failures.

It is well accepted that femoral tunnel malposi-
tion is the most common technical cause of ACL 
graft failure. Anterior placement of the femoral 
tunnel is the most typical pattern encountered 
and is likely secondary to challenges with visual-
ization [1–8]. Despite an expanded understand-
ing of ACL anatomy and increased awareness of 
the role of tunnel placement in ACL failure, this 
still remains the primary source of failure [8]. 
Biomechanically, anterior femoral tunnel place-
ment results in abnormal knee kinematics and 
increased graft tension in flexion [9, 10].

Tibial tunnel malposition is a less common but 
notable consideration in failure [2]. Anterior 
placement results in roof impingement in exten-
sion. This results in either a loss of extension, 
high graft tension, or stretching of the graft [11, 

J. W. Arner · J. J. Ruzbarsky · A. F. Vidal (*) 
The Steadman Clinic and Steadman Philippon 
Research Institute, Vail, CO, USA 
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Department of Orthopaedic Surgery, University of 
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12]. Posterior tibial tunnel placement can result 
in abnormal kinematics secondary to increased 
verticality of the graft or stretching of the graft 
resulting from PCL impingement.

In summary, a complete understanding of 
insertional anatomy is paramount to the success 
of primary ACL reconstruction and evaluation of 
surgical failures. The importance of well- 
positioned tunnels is essential for appropriate 
function of the graft as well as avoidance of 
impingement [13].

Fixation and tensioning technical failures can 
also occur. Both over-tensioning and under- 
tensioning can lead to complications. Over- 
tensioning the graft may lead to decreased 
vascularity and graft incorporation, an increase in 
intraarticular pressure, as well as decreased range 
of motion and pain [14]. Under-tensioning the 
graft can result in residual knee instability, which 
can lead to injury to other knee structures.

 Failure to Address Concomitant 
Ligamentous Injury

Concomitant injuries to the collateral ligaments, 
posterolateral corner (PLC), and posterior cruci-
ate ligament (PCL) should be evaluated closely 
with any failed ACL reconstruction, as missed 
injuries may lead to higher ACL graft stress and 
thus failure. Upwards of 15% of ACL reconstruc-
tion failures may be secondary to a missed asso-
ciated injury [14].

Missed lateral collateral ligament injuries 
(LCL) and PLC injuries have been cited to be the 
most commonly missed concomitant ligament 
injury leading to ACL graft failure and consider-
able morbidity. One radiologic study found that 
19.7% of patients had at least one injury to the 
PLC and 75% of those had lateral compartment 
bone bruising [15]. However, not all PLC injuries 
require surgical intervention, and this can lead to 
difficult surgical decision-making. Kinsella et al. 
reported that 52% of patients had PLC injuries 
with 14% being complete tears and older indi-
viduals more likely to have pathology. This study 
found that PLC injuries are commonly missed 
when an ACL tear occurs, and this missed injury 

leads to poor clinical outcomes. The authors 
admit that further research is required to deter-
mine the true incidence of ACL reconstruction 
failure associated with PLC injury as it is not 
known [16]. In a recent study by the MOON 
cohort, 1.1% of ACLs underwent concurrent PLC 
surgery, and both groups had good outcomes at 
6 year follow-up [17]. Pacheco et al. reported on 
68 patients who were referred to a complex knee 
specialist and found that 72% of PLC injuries 
were not identified at initial presentation. They 
cite the importance of a careful physical exami-
nation to prevent missed injuries [18].

MCL injuries are cited to occur in 3–31% of 
ACL injuries [19]. Although less commonly 
missed than PLC injuries, MCL injuries that ini-
tially were believed to be appropriately treated 
nonoperatively may not heal adequately to pro-
vide a stable endpoint and stable knee. Careful 
physical examination is imperative; however, 
indications for MCL treatment remain unclear. 
The authors recommend surgical treatment of 
acute grade III tibial sided lesions as well as 
chronic or revision cases with grade III opening 
in full extension or increased opening on stress 
radiography.

Stress X-rays are essential for complete evalu-
ation of the MCL and PLC structures. The PLC is 
particularly complex as it involves different 
injury patterns which may require different surgi-
cal reconstructions [20]. Coronal alignment 
should also be assessed with consideration 
regarding which collateral ligament requires 
reconstruction to minimize the stress on that graft 
reconstruction. PCL tears occur less commonly 
with an ACL tear and are less commonly missed, 
but still should be carefully evaluated and appro-
priately treated. PCL stress radiographs also are 
an important adjunct to physical examination 
when the clinical context warrants.

 Other Missed Concomitant Injuries

The role of the menisci in ACL graft failure is 
controversial but should be considered  – espe-
cially in patients with multiple failed ACL recon-
structions (i.e., failed revision and/or re-revision 

J. W. Arner et al.
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ACL reconstruction). The medial meniscus is a 
secondary stabilizer to anterior tibial translation. 
In the setting of meniscal deficiency or equivalent 
states (previous subtotal meniscectomy, posterior 
medial meniscal root tear), a larger pivot shift has 
been described [1]. With these injuries, higher 
ACL graft forces may be seen. Small partial 
medial meniscectomies are unlikely to impact 
graft forces in the setting of ACL reconstruction 
[21]. Additionally, the lateral meniscus is an con-
sequential restraint to anterior tibial translation 
and pivoting and therefore must be scrutinized 
closely, particularly in regard to root tears [22]. 
This is an emerging field of study in which rec-
ommendations are continually developing.

There has been a recent focus on the anterolat-
eral knee as well as the posteromedial structures 
in evaluation of rotatory laxity; however, clinical 
studies are still needed to best define the injury 
pattern and role of repair and reconstruction. 
There is concern regarding overconstraint of the 
knee if lateral extraarticular tenodesis or antero-
lateral ligament (ALL) reconstruction is per-
formed. Basic science studies have been 
conflicted regarding this fact [23–26]. Due to the 
variability in anatomic reports and surgical tech-
niques, it is difficult to make clear conclusions 
regarding this adjunctive treatment. Its use in the 
primary and revision setting is also controversial 
[27–29]. Currently, many use the pivot shift test 
to help determine the degree of rotatory instabil-
ity and the subsequent need for augmentation 
[30–34]. Studies evaluating the predictability of 
visualization of these injuries on MRI and ultra-
sound are also mixed [35, 36].

 Malalignment

Proper knee alignment is essential to decrease 
ACL graft forces and to allow proper knee kine-
matics. Sagittal malalignment (increased tibial 
slope) has recently gained much attention partic-
ularly in the setting of the multiply failed ACL 
reconstruction. With sagittal malalignment, typi-
cally increased posterior tibial slope, abnormal 
biomechanics, and higher graft forces can be 
seen which has been associated with ACL injury 

and graft failure [37]. Increased posterior tibial 
slope has historically been an underrecognized 
risk factor for ACL reconstruction failure. Recent 
biomechanical studies have demonstrated 
reduced graft forces/strain as well as reduction of 
anterior translation of the tibia following slope 
changing osteotomy in the knees with increased 
tibial slope [38]. However, numerous recent stud-
ies have illustrated its importance in ACL injury 
and graft failure, particularly in non-contact inju-
ries [39–41]. This is likely less of a contributor to 
ACL graft failure when compared with increased 
tibial slope; however, varus malalignment may 
also lead to higher graft forces and therefore 
should also be scrutinized closely [42].

Both coronal and sagittal alignment should be 
assessed clinically and radiographically. The 
authors recommend bilateral standing radio-
graphs to assess coronal alignment as well as a 
true lateral for sagittal alignment evaluation. In 
these cases, osteotomies about the knee may be 
indicated to decrease the risk of reinjury. MRI 
and CT scans also can provide information 
regarding these parameters as well as other bony 
morphology that may contribute to failure, which 
include a narrow notch or lateral femoral condyle 
abnormalities [43]. Although no treatment guide-
lines exist for these abnormalities, this is a larger 
issue in the setting of osteoarthritis, osteochon-
dral defects, or meniscal deficiency, which often 
exist in these patients.

 Biologic Considerations

ACL reconstructions need to function both 
mechanically and biologically. While most stud-
ies have focused on the biomechanics and kine-
matics of reconstructive techniques, there has 
been increased attention on the role of allograft 
tissue in ACL failure in recent years. The correla-
tion of allograft tissue use in ACL reconstruction 
failure in young patients is well-established. Two 
studies have reported a 4.4 hazard ratio and a 4 
times greater risk for graft failure when compar-
ing allograft with autograft in patients under 18 
[44, 45]. Additionally, higher serum inflamma-
tory markers and increased anterior knee transla-
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tion have been documented in patients with 
allograft reconstructions [46]. Allografts have 
also been shown to have delayed incorporation 
and healing when compared with autografts [47].

Although allograft failure rates are higher than 
that of autograft, overall, allograft failures are 
still relatively low [48–50]. In young active 
patients, graft rupture is higher than that of older, 
less active patients. In those under 25  years of 
age, reoperation and revision rates have been 
reported to be 30.8% and 20.5%, respectively 
[49]. In older and less active patients, allograft 
failure rates vary, but studies have shown no to 
little difference when compared with autograft 
[48–50]. Data has shown that use of allograft in 
patients younger than 40 years of age results in 
significantly high rates of re-rupture [44]. When 
comparing types of allograft, looped tibialis ante-
rior and posterior have been shown to have the 
highest load to failure, while the highest stiffness 
is seen in quadriceps allografts [48]. Graft steril-
ization also plays a role as low-dose gamma irra-
diated grafts have shown a mixed effect on 
biomechanical properties with one study report-
ing a 20% reduction in stiffness and others show-
ing no difference. With higher levels of 
irradiation, decreased load to failure has been 
consistent [48]. Non-irradiated allografts have 
been shown to have a decreased failure rate 
(5–7% vs. 7–13%) [50].

In addition to correct tunnel placement, auto-
graft tissue selection is critical in athletes to opti-
mize ACL reconstruction outcomes. Autograft 
type has also been studied extensively with ham-
string, patellar tendon, and quadriceps tendon 
being the most commonly used. Although contro-
versial, large knee registries have suggested that 
hamstring grafts may have a higher rate of failure 
when compared to patellar tendon, with one 
study citing a 2.1 times higher rate of revision 
with hamstring autograft in young patients with 
females being at highest risk [51–53]. Quadriceps 
tendon has gained attention in recent years with 
initial reports being favorable but with some 
reporting increased complications including 
quadriceps weakness [54, 55]. Inadequate graft 
size also can be a cause of failure. A diameter of 
8  mm or less has been shown in active young 

patients to have a higher risk of re-tear in a retro-
spective review, while a systematic review found 
hamstring autograft of 8 mm or more to have a 
reduced failure rate [56, 57].

Hyperlaxity must also be closely evaluated on 
physical examination with Beighton score being 
a useful objective metric. Knee motion including 
hyperextension should be examined, as should 
generalized ligamentous laxity which may be 
associated with higher risk of ACL injury and 
graft failure [58]. Biologic healing also plays a 
very important role in graft success or failure. 
This can be due to failure of fixation, whether it 
be technical or related to poor bone quality, or 
lack of graft incorporation for numerous reasons 
[2]. Failure of graft incorporation can be second-
ary to excessive tension, aggressive activities 
during ligamentization, infection, or immune 
reaction [59].

Lastly, infection, albeit rare, can have a very 
negative impact on ACL reconstruction biology 
and outcome. Fortunately, this is rare in ACL sur-
gery with a rate of 0.3–0.8% but is devastating to 
young athletes undergoing elective surgery [60]. 
Clinical signs of fever, elevated inflammatory 
markers, knee effusion, and pain are typical. 
Aspiration is helpful in diagnosis. If suspected, 
immediate joint irrigation and debridement is 
essential. Although early lavage many times can 
salvage the graft, its change in biology, structure, 
and mechanical properties is not known. Further, 
fibrous adhesions can occur which may trigger 
arthrofibrosis leading to clinical failure. If the 
graft appears to be incompetent, the infection 
should first be cleared before revision surgery is 
considered [61].

 Rehabilitation Considerations

A well-planned and executed therapy program is 
essential to a successful outcome. Inadequate 
rehabilitation and early return to play before 
appropriate strength deficits are addressed leads 
to risk of graft rupture [2]. Graft failure can occur 
if the graft has not yet incorporated and if loads 
exceed the ability of the graft to resist this amount 
of tension, such as in the setting of premature 
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return to unrestricted sporting activity. These 
injuries typically occur during the ligamentiza-
tion period where the graft is particularly sensi-
tive [59]. Animal models have shown that patellar 
tendon integrates more quickly than soft tissue 
grafts, but this has not been well established 
 clinically [62, 63]. The amount of time for soft 
tissue or bony graft incorporation is not known in 
large human studies. One study found that both 
hamstrings and bone patellar tendon bone grafts 
still have small amounts of micromotion 
(1–3  mm) at 1  year postoperatively [63]. The 
authors recommend comprehensive return to 
play testing which include dynamic functional 
evaluation prior to return to play [64, 65].

 Trauma

If the previously outlined reasons for failure were 
completely evaluated and have not revealed any 
cause of graft re-tear and a new trauma occurred, 
by process of elimination, it can be assumed that 
the new traumatic injury is the cause. Studies 
have reported similar rates of contralateral ACL 
tears compared with graft ruptures, indicating 
that certain re-tears may be due to trauma or 
underlying, uncorrectable patient-specific bio-
mechanical factors [53]. Nevertheless, a com-
plete evaluation of all contributing factors should 
be done and the specifics discussed with the 
patient (Table 1.1).

 Evaluation of ACL Failure

The first and most important step in evaluating a 
failed ACL reconstruction is determining all the 
contributors to failure (see Table 1.1). It is impor-
tant to note that multiple contributors often coex-
ist in the same patient and are not mutually 
exclusive (Fig.  1.1). Once a cause(s) has been 
determined, a well thought out surgical plan must 
be developed. Important additional consider-
ations include prior surgical approaches/inci-
sions, retained hardware, and other technical 
aspects often detailed in operative reports and 
image documentation.

 Data Collection

The first step when considering revision surgery 
in any patient who previously had an ACL recon-
struction is to obtain the previous surgeon’s office 
records, operative reports, and intraoperative 
arthroscopy photos if possible. Knowing the 
prior graft choice(s), adjunctive procedures, and 
hardware implanted is extremely valuable for 
both planning and preparation purposes. Small 
subtleties can have a huge implication on 
decision- making. For example, there have been 
cases where the primary surgeon initially har-
vests the hamstring tendons and then determines 
that these were inadequate size (less than 8 mm 
in diameter), before switching to a BTB autograft 
[66]. Understanding these important details is 
crucial when planning and discussing with the 
patient for the upcoming reconstruction. 

Table 1.1 Considerations of causes of ACL graft failure

Technical considerations Femoral and/or tibial tunnel 
malposition
Small graft size
Mal-tensioning of graft
Improper graft fixation

Missed concomitant 
ligamentous injury

Lateral collateral ligament 
(LCL)
Posterolateral corner (PLC)
Medial collateral ligament 
(MCL)
Posterior cruciate ligament 
(PCL)

Other missed 
concomitant injury

Previous total medial 
meniscectomy
Medial meniscus root tear
Lateral meniscus root tear

Malalignment Sagittal plane – increased 
tibial slope
Coronal plane – varus

Biologic Allograft in young and/or 
active patients
Hyperlaxity
Lack of graft incorporation
Infection

Rehabilitation Excessively aggressive
Inadequate therapy before 
return to activities
Inappropriate early return to 
activities

Diagnosis of exclusion Trauma

1 Initial Workup of the Failed ACL Reconstruction
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Operative photos can be more valuable than the 
description in an operative report when visualiz-
ing the extent of a meniscectomy or an articular 
cartilage defect. These types of details prevent 
surprises and can allow for a surgeon to be better 
prepared for a cartilage restoration procedure or 
meniscal transplant at the time of revision 
reconstruction.

 Skin Incisions

In the multiply revised knee, a variety of incisions 
can be present from prior surgeries including 
transverse hamstring or BTB harvest incisions, 
oblique open meniscal repairs or meniscectomies, 
or longitudinal alternatives to both. Careful atten-
tion to prior skin incisions is extremely important 
given the important considerations regarding skin 
flaps and vasculature about the knee. Although 
wound complications are relatively rare in ACL 
revision surgery, such complications can be dev-

astating (Fig. 1.2) and can compromise an other-
wise well-executed surgery [67]. When 
performing a revision ACL surgery, a primary 
effort should be made to utilize a prior incision. 
Given the mobility of the superficial tissues about 
the knee, an old incision with or without strategic 
extension can often accomplish multiple goals 
including both the tibial tunnel preparation in 
addition to the BTB and hamstring harvest. If 
more than one incision is required, whether it be 
for a collateral reconstruction, meniscus repair, or 
extraarticular tenodesis, these should be accounted 
for in the surgical plan. Although traditional 
teaching in knee arthroplasty revision surgery 
advises against creation of skin bridges of less 
than 7 cm, this estimate is probably conservative, 
and an incision bridge of 5 cm, especially if made 
parallel, is likely safe [68, 69]. When making an 
incision not parallel, a prior well-healed incision 
should be crossed perpendicularly, as the skin 
peninsula at intersections of less than 60° is at 
high risk for vascular insufficiency [70]. Finally, 

Fig. 1.1 Example of a poorly placed femoral tunnel with tibial tunnel dilation and retained hardware in the femur and 
tibia
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when choosing among incisions, the most lateral 
incision that can reasonably accomplish the oper-
ative goal should be chosen as the primary inci-
sion. Anatomic studies have demonstrated the 
superficial blood supply to the anterior knee flows 
mostly from medial to lateral, and furthermore, in 
cases of a medial skin incision, the lateral flap has 
shown to have a decreased oxygen tension [71]. 
The same pattern of vascularity is true for the 
patella, and therefore, the previous arthrotomy 
should also be utilized [72].

 Graft Choice

Data collection should include all previous graft 
harvests or attempts at graft harvest. An inven-
tory of available autograft options should be per-
formed before endeavoring on a revision. In cases 
of revision surgery in patients less than 40 years 
old or older individuals with a high-impact activ-
ity profile, the senior authors’ preferred graft is a 
patellar tendon autograft from the ipsilateral knee 
if available, followed by the patellar tendon from 
the contralateral knee in most circumstances. If 
those grafts are not available, then strong consid-

eration should be given to alternative autograft 
options. Consideration should be given to the 
contralateral knee as an autograft choice if the 
clinical situation warrants.

The Multicenter ACL Revision Study (MARS) 
group data has demonstrated that revisions with 
autograft are 2.78× less likely to re-tear when 
compared to allografts. In addition, higher 
patient-reported outcome measures (PROMs) are 
seen with the use of autograft [73]. The bone 
blocks on each end of the patellar tendon graft 
allows not only for bone to bone healing, but also 
for variation of bone block harvesting, if neces-
sary [74]. Quadriceps tendon autograft +/− bone 
block and hamstring autograft remain important 
choices as well, depending on the patient’s activ-
ity profile, i.e., a wrestler who may want to avoid 
a BTB autograft due to the significant time and 
activity spent on his knees. Allograft cases are 
reserved for an older, less active population.

 Staging

The guiding principle in revision surgery should 
always be to achieve an outcome as close to a 
primary surgery as possible. As such, the treating 
surgeon should avoid making compromises if 
possible. In such cases, staging maybe necessary 
to optimize graft placement. Performing a single 
versus two stage reconstruction should always be 
discussed with patients during the preoperative 
visit when considering ACL revision. Three- 
dimensional imaging including CT scans and 
MRIs can give an accurate estimate of the size 
and position of the prior tibial and femoral tun-
nels, but the final determination is made at the 
time of arthroscopic evaluation [75].

Criteria for staging varies by author. It is gen-
erally accepted that tunnel dilation of 15 mm on 
either tunnel should warrant consideration for a 
staged approach. However, smaller tunnels that 
are malpositioned but in direct proximity to the 
surgeon’s ideal tunnel can create equally chal-
lenging clinical scenarios and can warrant stag-
ing. Additionally, an understanding of the vast 
choices in ACL hardware is critical in making 
this decision. Removal of the existing hardware 

Fig. 1.2 Example of skin necrosis central to two longitu-
dinal incisions at the knee spaces less than 5 cm apart

1 Initial Workup of the Failed ACL Reconstruction
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can result in bone loss or compromise of tradi-
tional fixation methods. It is imperative that as 
part of the preoperative data gathering, a surgeon 
familiarizes him/herself with the nuances of 
 previously placed hardware. Attention should 
also be given to the integrity of the backwall on 
preoperative imaging in this regard. In many 
cases, a poorly placed tunnel can allow for cre-
ation of a new tunnel in the appropriate location 
without convergence (Fig. 1.3).

Prior to proceeding with an ACL revision, a 
surgeon should be prepared for a variety of graft 
fixation options including interference screws, 
buttons, posts, and staples in order to allow for 
versatile fixation and backup fixation options. 
Furthermore, a surgeon’s preferred bone graft 
and adjuncts should be available if the decision is 
made to stage the revision.

Other considerations when deciding to stage a 
revision are alignment and stiffness. If either the 
coronal or sagittal alignment is sufficiently 
anomalous and requires an osteotomy for correc-
tion, osteotomy and bone grafting with subse-
quent revision in a second stage should be 
considered. In some cases, anteroposterior or 
coronal stability improves, and further ligamen-
tous reconstructions are not required. Finally, in 
the setting of a failed ACL reconstruction with 
associated loss of motion, an initial lysis of adhe-

sion, tunnel bone grafting, and manipulation 
under anesthesia will allow for full motion prior 
to proceeding with an ACL revision.

 Prior Hardware

Although addressed in the previous section, the 
influence of prior hardware in planning a revision 
cannot be overemphasized. The prior operative 
report(s) and implant records are critical in deter-
mining the exact implants used to help ensure the 
appropriate tools and sets are available. 
Understanding if the hardware needs to be 
removed, how it can be removed, and the impact 
of removal on the planned revision is critical 
(Fig. 1.4). General hardware removal and broken 

Fig. 1.3 An arthroscopic image using a 30-degree arthro-
scope viewing from the anterolateral portal demonstrating 
a nonanatomic high femoral tunnel which allows for 
placement of an anatomic femoral tunnel without 
convergence

Fig. 1.4 Complex hardware removal that requires special 
instruments must be considered preoperatively. In this 
example, a WasherLoc (Zimmer Biomet, Warsaw IN) 
device in the tibia and Bone Mulch Screw (Zimmer 
Biomet, Warsaw IN) in the femur require special instru-
mentation, can be difficult to remove, and lead to signifi-
cant bone loss
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screw removal sets should be available in the 
event of a stripped or broken screwhead. Tibial 
interference screws and external posts on the 
tibia are most commonly removed as these have a 
tendency to disrupt or interrupt new tunnels or 
ancillary tibial fixation. Under some circum-
stances, however, the prior hardware is not in the 
way of the planned new tunnels, and therefore, it 
can be left in place (Fig.  1.5) [68]. Polyether 
ether ketone (PEEK) or bioabsorbable implants 
can often be reamed or drilled through in 
instances where they cannot be removed. 
Furthermore, suspensory fixation buttons, espe-
cially those on the femoral side, can be ignored as 
they will not interfere with the femoral tunnel or 
fixation.

 Case Example

A 31-year-old active female previously under-
went a hamstring ACL reconstruction 6  years 
prior in another state. She had no issues until a 
recent fall while rock climbing in which she felt a 
pop in her knee. Her other activities included ten-
nis and fitness classes. She attempted physical 
therapy; however, she had continued episodes of 
knee shifting with activities of daily living. Her 

operative report was obtained where she under-
went a 7.5-mm hamstring autograft with medial 
portal flexible reamer drilling utilizing suspen-
sory fixation on the femur and a PEEK compres-
sion device in the tibia. She also underwent a prior 
partial lateral meniscectomy. X-rays showed mild 
valgus alignment within the tibial spines with a 
posterior tibial slope of 4°. Stress X-rays showed 
no injury to the collateral ligaments. An MRI was 
obtained and showed a prior partial lateral menis-
cectomy and a complete ACL graft rupture. 
Measures on CT and X-rays showed a tibial tun-
nel that was 12 mm in diameter and a femoral tun-
nel that was 9 mm. Both tunnels appeared to be in 
anatomic position. It was determined that her 
ACL graft rupture was likely due to a new trauma, 
and a one-stage revision was planned.

A diagnostic knee arthroscopic was per-
formed, and the findings were consistent with 
preoperative imaging. The torn graft was debrided 
and the tunnels were exposed. The PEEK com-
pression device was easily removed with a ron-
geur utilizing the proximal portion of the previous 
incision. A guide pin was placed up the previous 
tibial tunnel and reamed sequentially up to a size 
11 where circumferential healthy bone was 
encountered. As the previous medial portal drill-
ing technique utilized flexible reamers, the femo-
ral tunnel was then reamed by hand to a depth of 
28 mm and a diameter of 10 mm. Both tunnels 
were dilated, and an 8-mm dilatator was utilized 
as a guide to pass a pin through the skin to pass a 
suture through the femoral tunnel. A 10-mm 
quadriceps tendon autograft was then harvested 
and prepared, then passed in a retrograde fashion. 
This was fixed with a larger adjustable loop but-
ton on the femur and an 11-mm biocomposite 
interference screw on the tibia. An X-ray was 
taken to ensure the femoral button was appropri-
ately flipped and not caught on the previous fem-
oral button before tibial fixation. The Lachman 
and pivot shift was normalized. Physical therapy 
was started 3  days postoperatively with home 
exercises starting immediately. Dynamic exer-
cises, including running, were slightly delayed as 
was return to sports with the plan to begin cutting 
and pivoting sports at 9–12 months.

Fig. 1.5 An arthroscopic image using a 30-degree arthro-
scope viewing from the anterolateral portal demonstrating 
a femoral interference screw left in place that does not 
interfere with placement of an anatomic femoral tunnel

1 Initial Workup of the Failed ACL Reconstruction



10

 Summary

ACL failures are complex and often multifacto-
rial clinical challenges. A systematic and detailed 
analysis of the possible contributors of ACL graft 
failure must be performed for every case. A 
checklist approach can help the surgeon ensure 
that all factors are being considered (Table 1.1). 
Evaluation of patient expectations, operative 
notes, implant records, notes from the periopera-
tive period, as well as arthroscopic and radio-
graphic images is essential for proper evaluation 
and operative planning. A preoperative plan with 
consideration of prior incisions and hardware as 
well as tunnel location and diameter is impera-
tive. The surgeon should be flexible and prepared 
during revision surgery with a well-designed plan 
and specific postoperative strategy. Comfort and 
flexibility with various techniques is necessary 
for a successful outcome.
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 Introduction

A greater understanding of the role of imaging in 
the diagnosis and treatment of the failed ACLR is 
critical for all surgeons performing revision 
ACLR. Plain radiographs, computed tomography 
(CT), and magnetic resonance (MR) imaging all 
have various roles and can be helpful for identify-
ing the etiology of a prior ACLR failure, as well 
as assist in preoperative planning. The focus of 
this chapter is on the use of imaging in the workup 
and treatment of the failed ACLR.

 Radiographic Landmarks 
for Anatomic ACL Reconstruction

Multiple studies have shown that non-anatomic tun-
nel placement, specifically femoral tunnel place-
ment, is associated with higher rates of ACLR 
failure [1, 2]. While anteromedial portal femoral 
tunnel drilling was introduced to facilitate a more 

anatomic and horizontal femoral tunnel position 
and has been shown to accomplish this goal [3], 
recent studies have found high rates of non-ana-
tomic tunnel placement with both methods, which 
highlights the importance of careful tunnel position 
identification regardless of surgical technique [4].

There are several radiographic landmarks that 
can be used to evaluate femoral tunnel position. 
In the coronal plane, whether on an anteroposte-
rior (AP) radiograph or the coronal cut of MRI or 
CT imaging, the clock-face method is often used 
to evaluate the femoral tunnel position. Using 
this method, the femoral tunnel is either placed at 
the 10 o’clock or 2 o’clock position for a right or 
left knee, respectively (Fig.  2.1). Of note, this 
method has been shown to have poor inter-rater 
reliability, and many, including the authors of this 
chapter, have moved away from this method as it 
is not reliable and does not accurately correspond 
to bony morphology [5, 6]. In the sagittal plane, 
the quadrant method has been described to evalu-
ate the femoral tunnel position (Fig. 2.2). Using 
this method, a grid is superimposed on the femo-
ral condyles. The ideal tunnel position is just 
inferior to the most superoposterior quadrant [7]. 
This corresponds to a point in center of the ACL 
footprint which leaves about 1–2 mm of the pos-
terior cortical wall of the femur intact.

With regard to the tibial tunnel, in the coronal 
plane, the tibial ACL footprint corresponds to a 
point between the intercondylar eminences about 
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2/5 of the way from the medial to lateral emi-
nence [8]. In the sagittal plane, traditionally the 
tibial tunnel was recommended to be placed par-
allel to the slope of the intercondylar roof, i.e., 
Blumensaat’s line [9]. Using this model, the ideal 
tibial ACL footprint lies just posterior to where 
Blumensaat’s line intersects the surface of the 
tibia (Fig.  2.1). Recent studies have suggested 
that use of the intercondylar roof may not always 
be a reliable landmark, however, and have identi-
fied that the center of the tibial ACL footprint can 
more consistently be located at a point between 

43% and 45% of the anteroposterior length of the 
tibia (Fig.  2.3) [10]. This is based on anatomic 
studies showing consistency in the location of the 
tibial ACL footprint relative to the length of the 
tibial plateau despite variation in intercondylar 
roof angles. Moreover the tibial tunnel angle will 
occasionally need to be altered depending on the 
length of the harvested graft to avoid graft tunnel 
mismatch [11]. To avoid graft impingement in 
the intercondylar notch during extension, the tib-
ial tunnel angle is typically recommended to be 
parallel to the intercondylar roof inclination 

a b

Fig. 2.1 Normal radiographic appearance after anterior 
cruciate ligament reconstruction. Frontal and lateral radio-
graphs of the knee demonstrate typical postoperative 
changes after bone-patellar tendon-bone autograft harvest-
ing, with geographic defects along the central patella and 

the tibial tuberosity at the bone plug harvest site (aster-
isks). The femoral tunnel interference screw is in standard 
position, at the 10 o’clock position (femoral arrowhead, a). 
The tibial tunnel should lie posterior to where Blumensaat’s 
line intersects the tibia (dotted line, b)

A. C. Kanakamedala et al.
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angle, which has been reported to be, on average, 
36.8° in men and 35.2° in women [12].

It is worth noting that, while plain radiographs 
can provide valuable information, multiple stud-
ies have shown poor inter-rater reliability and 
validity with the use of plain radiographs for the 
evaluation of tunnel placement when compared 
to MR and CT imaging. Moreover, it is often dif-
ficult to even identify bony tunnels on plain 
radiograph. Some authors recommend routinely 
obtaining CT imaging for the most accurate iden-
tification of prior tunnel position whenever pre-
cise measurements are needed [13]. 
Three-dimensional CT reconstructions can also 
be extremely helpful, as they can directly exam-
ine the aperture on both the femur and the tibia, 
especially when the medial femoral condyle is 
subtracted, as this allows a direct en face view of 
the lateral femoral condyle wall and the tibial 
plafond (Fig. 2.4).

Fig. 2.2 Quadrant method for identifying anatomic ACL 
origin and correct femoral tunnel position. A grid is super-
imposed on the femoral condyles parallel to Blumensaat’s 
line. Each dimension is split into quartiles. The anatomic 
origin of the anteromedial bundle is about 25% anterior 
and deep to the posterosuperior most aspect of the femoral 
condyle (blue dot). The anatomic origin of the posterolat-
eral bundle is about 33% anterior and 50% deep to the 
posterosuperior most aspect of the femoral condyle (yel-
low dot). The center of the ACL between these two points 
is shown by the green dot

Fig. 2.3 Tibial tunnel location based on the anteroposte-
rior length of the tibial plateau. The method of Stäubli 
et al. is shown for identifying the ideal tibial tunnel loca-
tion. A point 44% from the anterior to the posterior edge 
of the tibia is noted which corresponds to the average 
location of the ACL insertion

Fig. 2.4 Utility of 3D CT in the evaluation of the ACL 
graft tunnel. A 3D reconstructed CT image with medial 
femoral condyle subtraction demonstrates the aperture of 
the femoral tunnel (arrowheads), which appears widened, 
with gapping between the tunnel wall and the femoral 
interference screw

2 Radiographic Workup of the Failed ACLR
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 Graft Complications

 Graft Integrity

MRI is the preferred diagnostic modality for eval-
uation of partial and complete graft tear, demon-
strating an overall specificity of 86.7% and a 
positive predictive value of 93.5% [14]. Similar to 
evaluating the native anterior cruciate ligament, 
the anterior cruciate ligament graft should be eval-
uated in the axial, coronal, and sagittal planes on 
every knee MRI. In the authors’ experience, tear of 
the graft is most readily identified in the axial or 
coronal plane, typically in close proximity to the 
femoral tunnel entrance site. Graft tear may appear 
as frank disruption of graft fibers with an obvious 
defect on fluid- sensitive images (Fig.  2.5); how-
ever, graft fiber discontinuity may be difficult to 
appreciate in more chronic tears with scarring 
around the graft. Occasionally in chronic tears, the 
graft may become largely resorbed and poorly 
visualized. On sagittal images, orientation of graft 
fibers should be closely scrutinized. Normally the 
graft should remain taut and parallel to 
Blumensaat’s line (Fig. 2.6), with a more horizon-
tal orientation and any fiber redundancy being 
important clues in subtle tears.

Additionally, it is important to distinguish par-
tial graft tear or low-grade sprain injury from the 
normal process of ligamentization seen in the 

immature graft. This process is often described as 
consisting of three phases: an initial healing phase 
during the first 6 months after surgery, a second 
remodeling stage which typically continues for 
another 6  months, and a final maturation phase 
which starts around 1 year after surgery and has 
been shown to continue at 2  years after surgery 
[15]. Ligamentization during the early healing 

a b c

Fig. 2.5 Complete ACL graft tear on MRI. Axial image 
(a) demonstrates a fluid filled full-thickness defect (arrow-
head) of graft fibers adjacent to the femoral tunnel. Sagittal 
image (b) demonstrates redundancy of graft fibers, which 

are normally taut, and important secondary findings, 
including an impaction fracture of the lateral femoral con-
dyle (arrowhead), contusion of the posterolateral tibial pla-
teau (asterisk), and anterior tibial translation (c)

Fig. 2.6 Normal ACL graft. The normal ACL graft is 
homogeneously low in signal on fluid-sensitive images, 
with graft fibers intact and taut, and parallel to 
Blumensaat’s line

A. C. Kanakamedala et al.
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phase will manifest on MRI as focal areas of inter-
mediate signal within the graft that should not be 
misinterpreted as pathologic (Fig. 2.7). This signal 
intensity tends to slowly decrease as the graft 
matures [16]. While numerous studies have found 
varying timelines for ligamentization, some have 
reported that ligamentization may persist for up to 
4 years following graft reconstruction [9].

Aside from discrete graft tear, secondary find-
ings may be useful in diagnosing a graft tear, 
including the presence of a large joint effusion, 
contusion of the lateral femoral condyle and pos-
terior lateral tibial plateau, and anterior tibial 
translation, imaging findings which are com-
monly seen in primary ACL tears (Fig. 2.5) [9].

It is important to note, though, that MR imag-
ing is not completely sensitive to graft rupture. 
One retrospective review of 50 revision ACL 
cases found that in 24% of cases, the graft was 
read on MR imaging as intact despite no intact 
graft on arthroscopic or clinical examination 
[17]. The sensitivity of MR imaging for detecting 
ACL graft rupture has been reported to range 
from 59% to 72% [14, 17, 18]. It is important that 

any findings on MR imaging are combined with 
clinical and arthroscopic findings when evaluat-
ing for graft rupture after ACLR.

 Graft Impingement

Graft impingement is a significant complication 
of ACLR and can lead to graft rupture, anterior 
knee pain, knee effusions, and loss of range of 
motion, particularly extension [19]. Graft 
impingement occurs when the graft makes con-
tact with the walls of the femoral intercondylar 
notch, typically during extension. This can occur 
due to anterior positioning of the tibial tunnel or 
anterior positioning of the femoral tunnel [19]. 
Findings of graft impingement on MR imaging 
include evidence of graft contact with the inter-
condylar roof, posterior bowing of the graft, and 
altered signal intensity in the graft, typically in 
the anterior two thirds (Fig.  2.8) [9, 20]. It is 
important to distinguish graft impingement from 
a partial graft tear with anterior tibial translation, 
as they can have similar findings including 

Fig. 2.7 Normal ligamentization of an ACL graft. 
Coronal MRI image shows thin longitudinal fluid signal 
along intact fibers of the ACL graft (arrowheads), repre-
senting the normal process of ligamentization in this 
patient 3 months following ACL reconstruction

Fig. 2.8 Roof impingement following ACL reconstruc-
tion. Sagittal MRI image shows evidence of roof impinge-
ment, with anterior graft fibers (arrowheads) mildly frayed 
and kinked along the undersurface of the intercondylar 
notch. The tibial tunnel has an anterior position relative to 
where Blumensaat’s line intersects the tibia, predisposing 
to roof impingement
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anterior position of the tibia relative to the femur, 
buckling of graft fibers, and altered graft signal 
intensity. Anterior positioning of the tibial tunnel 
and the presence of a true cyclops lesion [21] are 
findings that might suggest graft impingement 
rather than a partial graft tear. It is important to 
distinguish a true cyclops lesion from a “pseudo-
cyclops” lesion which can occur in partial graft 
tears when the torn fibers flip into the intercondy-
lar notch and create a mass-like appearance  – 
these can be distinguished from true cyclops 
lesions as these fibers can be traced back to the 
femoral or tibial tunnels [22].

A less common form of graft wall impinge-
ment is sidewall impingement, which may occur 
between the graft and the medial wall of the lat-
eral femoral condyle if the tibial tunnel is placed 
too laterally, which appears as a medial indenta-
tion in the graft [23]. It can also occur as a result 
of osteophyte formation at the site of notchplasty 
or an interference screw protruding into the inter-
condylar notch [24, 25].

 Hardware Complications

ACLR failure can occur as a result of failure of 
graft fixation. Fixation devices such as metal or 

bioabsorbable interference screws can rarely 
loosen and migrate intra-articularly (Fig. 2.9) 
[26, 27]. As mentioned above, if the screw is 
not placed entirely within the tunnel and is 
slightly protruding intra-articularly, it can lead 
to graft impingement [24]. Occasionally, the 
tibial interference screw will have a proud 
position and may irritate the overlying soft tis-
sues, with potential for formation of an adven-
titial bursa.

 Other Complications

 Arthrofibrosis

Arthrofibrosis after ACLR is defined as the pres-
ence of scar tissue within the knee joint and is 
reported to occur in 1–10% of patients after 
ACLR. There are two main forms: focal arthrofi-
brosis (otherwise known as the cyclops lesion) 
and diffuse arthrofibrosis.

A cyclops lesion is a nodular mass of fibro- 
proliferative tissue and can sometimes contain 
osseous or cartilaginous tissue and, in such 
cases, are sometimes referred to as “true cyclops” 
lesions as opposed to cyclopoid scars, which 
only contain fibrous tissue [28]. True cyclops 

a b c

Fig. 2.9 Displaced femoral interference screw following 
ACL reconstruction. Lateral radiograph (a), axial CT (b), 
and 3D CT reconstructed images (c) demonstrate dis-

placement of the femoral interference screw into the pos-
terior intercondylar notch (arrows)
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lesions are more likely to cause loss of extension 
since, unlike cyclopoid scars, they cannot be eas-
ily compressed. They appear on MR imaging as 
a well-circumscribed nodule with an average 
size of 10–15 mm [29] (Fig. 2.10). They are typi-
cally located in the anterior intercondylar notch 
and subsequently can cause impingement in 
extension and loss of extension. They most com-
monly occur at 6–12  months postoperatively 
after ACLR [30]. It is important to distinguish 
pseudocyclops lesions from cyclops lesions, as 
stated above [22].

Arthrofibrosis can also occur in a diffuse form 
and is more common in patients with poor preop-
erative range of motion [31]. It appears on MR 
imaging as hypointense fibrous tissue surround-
ing the graft and extending to the posterior joint 
capsule and possibly in the infrapatellar fat pad. 
This is in contrast to a distinct mass-like lesion as 
in the case of cyclops lesions. The differential for 
arthrofibrosis includes nodular synovitis (focal 
pigmented villonodular synovitis) and synovial 
chondromatosis.

 Tunnel Cysts/Osteolysis

 Role of CT in Cases of Suspected Tunnel 
Widening
It is common for small amounts of fluid to be 
present in the tibial and femoral graft tunnels 
up to 18 months after ACLR [32]. This fluid is 
 typically reabsorbed within 18 months and does 
not constitute a true cyst or lead to tunnel 
expansion, ganglion formation, or graft failure. 
When tunnel cysts do form, they can occur in 
the pretibial space, in the tibial tunnel, and in 
the femoral tunnel. They can also be classified 
as communicating or non-communicating 
 depending on whether they communicate with 
the joint space.

While their etiology is not completely under-
stood, tunnel cysts and widening have been 
attributed to several causes, including excess 
graft motion in the tunnel, accumulation of osteo-
lytic cytokines from synovial fluid in the tunnel 
secondary to incomplete graft incorporation, 
early accelerated rehabilitation prior to complete 

a b

Fig. 2.10 Focal arthrofibrosis following ACL reconstruc-
tion. Sagittal (a) and axial (b) images of the knee demon-
strate a heterogeneously T2 hyperintense nodule along the 

anterior intercondylar notch (arrowheads), compatible 
with focal arthrofibrosis (cyclops lesion)
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graft incorporation, and host response to hard-
ware such as bioabsorbable interference screws 
[33, 34].

With regard to findings on imaging, plain 
radiographs may show tunnel widening around 
the fixation device [35, 36], as well as sclerotic 
borders identifying the geographic limits of the 
tunnel. MR imaging can show fluid in the tunnel, 
tunnel widening, or simple or loculated cysts 
(Fig.  2.11). These findings are most adequately 
visualized on STIR or fat-suppressed T2 
sequences, especially since STIR images are less 
affected by metal artifact from certain fixation 
devices. These cysts extend into the pretibial 
space, intercondylar notch, or popliteal fossa.

CT imaging is also often used to evaluate tun-
nel widening and cyst formation (Fig. 2.12). One 
comparative study found that neither plain radio-
graphs nor MRI was reliable in evaluating tunnel 

widening and found greatest intra-rater and inter- 
rater reliability for the evaluation of tunnel wid-
ening with CT imaging [37].

The differential for tunnel widening/osteoly-
sis includes foreign body granulomas, which 
appear as a heterogenous mass that enhance with 
intravenous gadolinium contrast, and screw 
extrusion in which there will be a cyst in the tun-
nel but the screw will be visibly extruded from 
the tunnel. While there is no evidence that the 
development of a tunnel cyst is associated with 
increased rates of graft failure, it is important to 
note the formation of a tunnel cyst or tunnel wid-
ening on imaging for the purposes of preopera-
tive planning for revision ACLR. In some cases, a 
two-stage procedure may be required with an ini-
tial bone grafting procedure followed by a second 
definitive ACLR once there is adequate bone 
stock for tunnel drilling.

 Additional Factors That May 
Contribute to Risk of Graft 
Re-rupture or Recurrent Instability

 Alignment

 Coronal Plane
Assessment of tibiofemoral alignment in the cor-
onal plane is a critical component of the evalua-
tion of any patient with an ACL injury. There are 
several ways of assessing varus or valgus align-
ment. Methods include drawing the mechanical 
axis, which can be depicted as a line from the 
center of the femoral head to the center of the 
tibiotalar joint, and assessing whether this line 
passes medial or lateral to the center of the tibio-
femoral joint, indicating varus or valgus align-
ment, respectively.

Varus alignment has been shown to increase 
the forces placed across both the native and 
reconstructed ACL, thus putting patients at risk 
for increased risk of ACL injury as well as ACLR 
failure [38]. Varus alignment combined with ACL 
deficiency can also lead to increased develop-
ment of arthritis [39]. As a result, multiple authors 
have advocated for performing high tibial oste-
otomies (HTO), either combined or in staged 

Fig. 2.11 Tunnel osteolysis on MRI after anterior cruci-
ate ligament reconstruction. Sagittal MRI image demon-
strates osteolysis of the tibial tunnel, with marked tunnel 
cystic widening (arrowheads)
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fashion with revision ACLR, to address ACL 
deficiency, prevent or delay the progression of 
medial compartment osteoarthritis, and reduce 

the risk of revision ACLR failure. Several studies 
have found favorable functional and clinical out-
comes with this approach [40, 41].

a b

c d

Fig. 2.12 Tunnel osteolysis on CT after anterior cruciate 
ligament reconstruction. Sagittal (a and c) and coronal (b 
and d) images demonstrate examples of osteolysis of the 
tibial tunnel in two separate knees. Measurement of tun-
nels at their widest point are shown on the sagittal images 

(arrowheads). The first patient (a and b) was noted to have 
maintained cylindricity of their tunnel, whereas the sec-
ond patient (c and d) was found to have a more cavitary 
area of bone loss

2 Radiographic Workup of the Failed ACLR



22

 Tibial Sagittal Slope
Assessment of sagittal alignment is an important 
part of the preoperative planning process. The 
most commonly used parameter of sagittal align-
ment is posterior tibial slope (PTS), which can be 
measured as the angle formed by the intersection 
of a line parallel to the tibial shaft and another 
line tangential to the articular surface of the tibial 
plateau (Fig. 2.13).

Multiple studies have found increased rates of 
ACLR failure as well as primary ACL injuries 
with increased posterior tibial slope (PTS), with 
some studies identifying a particularly large 
increase in risk with a posterior tibial slope of 12 

degrees or greater [42, 43]. Biomechanical studies 
have confirmed that increased forces are seen 
across the ACL with increased PTS [44]. As a 
result, several authors have suggested performing 
proximal tibial slope-reducing osteotomies to 
decrease the posterior slope in patients with exces-
sive PTS and reduce the rate of ACLR failure [42, 
45]. It remains unclear whether there is more value 
to measuring the PTS on the medial or lateral tibial 
plateau. While some authors recommended using 
the medial tibial plateau as it is more recognizable 
[46], the lateral tibial plateau PTS has also been 
shown to be associated with increased risk of ACL 
injury and ACLR failure [43, 47].

a b c

Fig. 2.13 Measurement of posterior tibial slope. A lateral 
radiograph (a) is shown with a measurement of the poste-
rior tibial slope. Briefly, to identify the longitudinal axis 
of the tibia, a line is drawn connecting the center of the 
tibia at 2 points about 5 cm apart and with the distal point 
as distal in the tibia as possible. A second line is drawn 
connecting the anterior and posterior most points on the 
tibial plateau. The angle between a line perpendicular to 
the longitudinal axis of the tibia and the line tangential to 

the tibial plateaus is the posterior tibial slope angle, which 
is 9.5 degrees in this radiograph. (b) is the full-length 
standing film from a 24-year-old female who presented 
with recurrent ACL reconstruction failure after three prior 
ACL reconstructions. Her posterior tibial slope, which is 
measured in (b, c), is 16.1 degrees, and she was indicated 
for a closing wedge high tibial osteotomy, along with revi-
sion ACL reconstruction, to decrease her posterior tibial 
slope and decrease her chance of recurrent graft failure
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 Other Sources of Persistent 
Instability

 Meniscus Pathology

The menisci are important secondary stabilizers 
of the ACL-deficient knee, and meniscal injuries 
can increase the forces on the reconstructed ACL 
graft. The medial meniscus has been shown to 
contribute primarily to anteroposterior stability, 
whereas the lateral meniscus contributes more to 
rotatory stability by preventing anterior tibial 
translation during pivot-shift maneuvers involv-
ing a valgus and internal rotation load [48]. 
Concomitant meniscectomy with ACLR has been 
shown to be associated with worse clinical out-
comes and increased radiographic development 
of osteoarthritic changes compared to ACLR 
alone [49]. The combination of chronic anterior 
tibial translation with posterior meniscus defi-
ciency can specifically lead to increased chondral 
wear posteriorly. One radiographic marker of this 
is the “cupola” sign, or an osteophyte on the pos-
teromedial corner of the tibia that develops in 
response to chronic anterior tibial translation 
[50]. One study of 103 patients undergoing total 
knee arthroplasty found that all 43 patients who 
had a cupola sign on preoperative radiographs 
were confirmed intraoperatively to have a rup-
tured ACL [51]. Thus, it is important to recognize 
meniscal pathology and perform meniscal repair 
when possible (Fig.  2.14), and studies have 
shown that lateral meniscus root repair can 
improve stability in the ACL-deficient knee [52].

There is also now increasing awareness of the 
importance of identifying lesions involving the 
peripheral attachment of the posterior medial 
meniscus, termed “ramp” lesions, which have 
been reported to be present in 9.3–17% of ACL 
injuries [53, 54]. These lesions can manifest as a 
meniscocapsular avulsion, a meniscotibial liga-
ment avulsion, or a combination of these two. 
Cadaveric studies have found that ramp lesions 
lead to increased anterior tibial translation and 
external rotation in the ACL-deficient knee and 
that ACLR alone did not restore these parameters 
but ACLR with ramp repair did [55, 56]. On the 

other hand, one prospective randomized study of 
ACLR with repair of concomitant stable ramp 
lesions has found no difference in clinical out-
comes or anterior tibial translation [57].

Although only unstable ramp lesions may 
require surgical intervention, it is important to 
identify them using MR imaging. These tend to 
occur in a posteromedial “blind spot,” which is 
difficult to view with the traditional arthroscopic 
portals. They can, however, easily be visualized 
through the Gillquist position, which will be dis-
cussed in other chapters [58]. Studies of the sen-
sitivity of MR imaging for identifying ramp 
lesions report widely varying values from 0% to 
84.6% [53, 59, 60], which reflects a variety of 
factors including that some studies only looked at 
the official reports in the medical record, in which 
ramp lesions might not have been specifically 
examined for. One author hypothesized that the 
low sensitivity of MR imaging might be related 
to MR imaging being performed when the knee is 
in extension, which can lead to the meniscocap-
sular separation being reduced.

Ramp lesion findings on MR imaging include 
the presence of a thin fluid signal between the 
posterior horn of the medial meniscus and adja-
cent posteromedial capsule, representing menis-
cocapsular separation [61], or may appear as a 
vertical longitudinal tear in the red-red zone of 
the medial meniscus posterior horn [62]. This can 
be accompanied by a high signal irregularity 
involving the capsular margin of the posterior 
horn of the medial meniscus on the fluid- sensitive 
images (Fig. 2.15) [63].

 Anterolateral Capsular/Structural 
Insufficiency

There has been a large amount of interest 
recently in the anterolateral complex of the knee. 
There is increasing awareness now that tradi-
tional single- bundle ACLR may not reliably 
restore rotatory stability, which has been shown 
to have a significant effect on clinical outcomes 
[64, 65], and that the anterolateral complex sig-
nificantly contributes to the rotatory stability of 
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a b

c

e

d

Fig. 2.14 Meniscal root injury with anterior cruciate 
ligament (ACL) rupture. Sagittal and coronal MRI images 
demonstrate an ACL tear (arrows, a) with meniscal root 
injury (arrowhead, a) with meniscal extrusion (arrow-

head, b). Intraoperative arthroscopy confirms meniscal 
root injury (c, d). Meniscal root repair was performed 
concomitantly with ACL reconstruction (e)
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the knee [66, 67]. The anterolateral complex 
contains the lateral collateral ligament (LCL), 
the anterolateral capsule, the iliotibial band, as 
well as a thickening of the anterolateral capsule 
that has been termed the “anterolateral ligament” 
(ALL). While there is controversy on whether 
this structure constitutes a discrete ligament ver-
sus a thickening of the capsule, part of the ilio-
tibial band, or both, evaluation of the anterolateral 
complex is nevertheless an important component 
of the preoperative planning process given its 
critical role in rotatory stability [68]. While there 
is variation in its reported appearance, the ALL 
has been described on MR imaging as a sheetlike 
structure connecting the distal femur to the prox-
imal tibia. There is still some controversy sur-
rounding the ALL’s origin, but most people think 
its origin is proximal and posterior to the LCL 
attachment and that it courses anteriorly and 
inferiorly until it inserts on the lateral meniscus 
and lateral tibial plateau, 6.5 mm below the artic-
ular surface [69, 70].

The reported sensitivity of MR imaging for 
identification of the intact ALL ranges from 11% 

to 100% [71, 72], and the reported incidence of 
concomitant ALL abnormalities with ACL inju-
ries ranges from 33% to 90% [73–75]. While 
ultrasonography has been investigated for its util-
ity in evaluating ALL injuries, prior studies have 
found contrasting results, with one study report-
ing 100% sensitivity for identifying ALL injuries 
on ultrasound [76], while others have found that 
ultrasound cannot even accurately identify or 
visualize the ALL [77].

Identification of these injuries is important 
because it may influence the decision to perform 
additional procedures during ACLR, such as 
extra-articular tenodesis or ALL reconstruction 
[78, 79]. Further work is being done to character-
ize the anatomy and role of the anterolateral liga-
ment and the entire anterolateral complex, and 
this is an aspect of ACLR that is continuing to 
rapidly evolve.

 Collateral Ligament Insufficiency

Evaluation of concomitant injuries to the medial 
collateral ligament (MCL), lateral collateral liga-
ment (LCL), posteromedial corner, and postero-
lateral corner is an important component of the 
evaluation of the failed ACLR.  Various studies 
have found that untreated concomitant ligamen-
tous laxity tends to account for 3–5% of revision 
ACL cases [1, 80]. While these injuries can occur 
at the time of the initial ACL rupture, it is also 
important to note that concomitant ligamentous 
laxity can also develop over time in the ACL- 
deficient knee in the absence of the stabilizing 
effect of the ACL. The ACL has been shown to 
provide both valgus and varus stability, particu-
larly in the absence of a competent medial- or 
lateral-sided ligamentous structures. In these 
chronic situations where there is ligamentous 
laxity without a discrete tear, especially in the 
setting of a history of subjective instability, stress 
radiography can be particularly helpful 
(Fig. 2.16). Prior studies have found that side-to- 
side differences on stress radiographs of 2.7 mm 
for isolated LCL, 3.2 mm for MCL, and 4 mm for 
PLC are suggestive of grade III ligamentous inju-
ries [81].

Fig. 2.15 Arthroscopic image of ramp lesion. This image 
depicts a ramp lesion as seen through the Gillquist view 
during an arthroscopic anterior cruciate ligament recon-
struction. The peripheral attachment of the posterior horn 
of the medial meniscus, specifically the posteromedial 
meniscotibial ligament, has been disrupted. MRI has 
varying sensitivity for detecting these lesions, and it is 
important to evaluate for them intraoperatively, as unsta-
ble ramp lesions may require additional surgical 
intervention
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 Conclusion

Surgeons should obtain advanced imaging as a 
critical component of the preoperative planning 
process. MR imaging is often the preferred 
modality for identifying various postoperative 
complications including graft rupture, impinge-
ment, and arthrofibrosis. CT imaging, however, is 
a useful adjunct and the most reliable method for 
assessing tunnel location and size. MR imaging 
can be used to both identify various causes of the 
failed ACLR and to diagnose additional injuries, 
such as ALC disruption or ramp lesions, which 
may require additional procedures.
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Indications for Revision Anterior 
Cruciate Ligament Reconstruction

Alec Sundet, Evan Boyd, Patrick W. Joyner, 
and Nathan K. Endres

 Introduction

Rupture of the anterior cruciate ligament (ACL) 
occurs in up to 250,000 patients each year in the 
United States [1]. Annually, 175,000 to 200,000 
primary reconstructive procedures (ACL-R) are 
performed [2]. Failure of ACL-R, as defined by 
pathologic knee laxity or graft rupture, occurs in 
2–6% of patients undergoing primary ACL-R [3, 
4]. Risk factors for ACL-R failure include male 
gender, return to sport, use of allograft during the 
primary reconstruction, and age younger than 25 
years [5–11]. When ACL-R fails, revision recon-
struction is considered [12]. Satisfactory out-
comes have been seen in 75–97% of patients 
undergoing ACL revision [13–15]. This chapter 
discusses the indications and contraindications 
for ACL revision reconstruction.

 Indications

The indications for revision ACL reconstruction 
are listed in Table 3.1. It is important to note that 
not all patients experiencing a failed ACL recon-

struction require ACL revision. The primary 
goal of a revision reconstruction is similar to a 
primary ACL reconstruction, that is, to restore 
functional stability to the knee. In addition to 
improving function, restoring knee stability pro-
tects the menisci and articular cartilage from 
injury.

Failed ACL-R can be categorized as early 
(<1  year) or late (>1  year). Early failures fre-
quently occur due to technical errors, failure of 
graft incorporation, premature return to activity, 
overly aggressive rehabilitation, or unrecognized 
concomitant injuries [8, 16–19]. Late (>1 year) 
failure is frequently associated with repeat trauma 
[7]. Knee instability resulting from ACL-R fail-
ure can lead to chondral injuries in both the tibio-
femoral and patellofemoral compartments [7]. 
The Multicenter ACL Revision Study (MARS) 
group reported that 90% of knees undergoing 
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Table 3.1 Indications for revision of failed ACL 
reconstruction

Early failure (<1 year)
Young patient (<25 years old)
Failed ACL-R in a high-level athlete in a high-risk 
cutting sport
Failed ACL-R with functional instability
Failed ACL-R in patient undergoing concomitant 
ligament reconstruction
Failed ACL-R in patient undergoing meniscal repair or 
transplant
Failed ACL-R in patient undergoing cartilage repair or 
restoration procedure
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revision ACL reconstruction had meniscal or 
chondral injury, with previous partial meniscec-
tomy associated with a higher incidence of artic-
ular cartilage lesions [20]. ACL injury is 
associated with early-onset osteoarthritis [21–
24]. Restoring knee stability, especially in the 
young, active patient with failed ACL-R, should 
be considered to potentially prevent further 
meniscal and chondral damage. Timing of revi-
sion reconstruction is a consideration. When 
compared to patients undergoing early revision 
(< 6 months), patients undergoing delayed revi-
sion (> 6 months) have a higher degree of articu-
lar cartilage damage [31].

In the athlete with a failed ACL-R, a discus-
sion should be held regarding the chances of 
returning to sport and the difference between 
returning to sport and returning to preinjury level 
of activity. Although unpredictable, 49–75% of 
patients undergoing revision will return to some 
level of sport, but only 43% will return to their 
preinjury level of activity [32–34]. Return-to- 
sport rates are significantly lower when com-
pared to return to sport following primary ACL-R 
[32]. However, revision ACL-R may yield the 
best chance of restoring knee stability [8] and 
provide athletes the best chance of return to com-
petitive play.

Any patient with failed ACL-R undergoing 
meniscal repair or transplantation, articular carti-
lage repair or restorative procedures, or ligamen-
tous reconstruction (PCL, PLC, PMC) should 
undergo concomitant or staged ACL revision 
reconstruction. Failing to address pathologic lax-
ity related to ACL insufficiency significantly 
increases the likelihood of any of these proce-
dures failing. [7, 25–30]

 Contraindications

Several technical- and patient-related factors are 
associated with poorer outcomes and higher rates 
of failure after revision ACL reconstruction. 
Thus, it is important to identify these and con-
sider them in surgical planning. A well- executed 

revision ACL that restores biomechanical stabil-
ity may meet objective measures of success and 
yet still fail clinically. Firm contraindications to 
revision ACL surgery include active infection 
and significant knee stiffness/arthrofibrosis. The 
latter of the two is particularly relevant given that 
over 50% of patients undergoing revision ACL 
reconstruction report a history of trauma as the 
cause of their recurrent instability [2]. A sum-
mary of contraindications to revision ACL recon-
struction are listed in Table 3.2.

The goal of revision ACL surgery is restora-
tion of functional knee stability, and the patient’s 
goals should be clearly defined prior to the pro-
cedure. Older individuals with lower functional 
demands may not benefit from the procedure, 
especially if they are not having functional 
instability. Patients pursuing the procedure for 
pain- related purposes should be counseled 
accordingly, and this should be clearly addressed 
in any patient with symptomatic arthritis, obe-
sity, or regional pain syndromes. Articular carti-
lage damage (grade 2 or greater) is independently 
associated with inferior clinical outcomes [10, 
35]. Thus, regardless of the surgeon’s technical 
skill and expertise, the presence of symptomatic 
chondrosis may negatively impact the final 
outcome.

At baseline, revision ACL surgery has 3–4 
times the failure rate of primary ACL reconstruc-

Table 3.2 Contraindications for revision of failed ACL 
reconstruction

Active infection
Arthrofibrosis
Lower demand, older individual without functional 
instability
Patient unwilling/unable to comply with postoperative 
rehabilitation and precautions.
Morbid obesity
Advanced arthritis
Uncorrected malalignment
Unaddressed meniscal root tears/meniscal deficiency
Unaddressed pathologic laxity due to posterolateral 
corner, posteromedial corner, or PCL injuries
Unrealistic patient expectations
Regional pain syndromes
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tion and is associated with inferior clinical out-
comes, including lower Cincinnati, Lysholm, 
Tegner, IKDC, and KOOS scores [36]. Therefore, 
patients with unrealistic functional expectations 
may be unhappy with the final result. In a similar 
fashion, surgeons should consider carefully any 
patient that might be unwilling or unable to com-
ply with postoperative rehabilitation or surgical 
precautions.

Malalignment and concomitant ligamentous 
injury is a contraindication to revision ACL-R if 
not corrected prior to, or at the time of surgery. 
Varus malalignment causes graft strain [37] and 
potentially graft failure. In addition to coronal 
malalignment, sagittal malalignment (increased 
tibial slope) should be taken into account when 
planning a revision surgery. Unaddressed pos-
terolateral and posteromedial corner injuries also 
places strain on the ACL graft which can lead to 
failure [37, 38] as does untreated meniscal injury 
or meniscal deficiency. Careful attention should 
be paid to the presence of meniscal root tears 
when considering a revision ACL-R.  Meniscal 
deficiency in the setting of a failed primary 

ACL-R may be an indication for meniscal 
transplantation.

 Illustrative Cases

Case 1 The patient is a 26-year-old male who 
underwent primary left ACL-R with patella tendon 
autograft. He returned to all activities, including 
competitive soccer at 9  months after surgery. 
Fourteen months after surgery, he re- injured his 
knee in a traumatic fashion playing soccer. Physical 
examination was consistent with ACL graft tear, 
which was confirmed by MRI. No meniscal tear or 
concomitant ligament injury was identified. He had 
symmetric, passive knee hyperextension. The etiol-
ogy of graft failure was felt to be recurrent trauma, 
ligamentous laxity and increased tibial slope. 
Because of his desire to return to competitive soc-
cer, he elected to proceed with revision ACL sur-
gery. He underwent a single-stage revision ACL-R 
with contralateral patella tendon autograft and lat-
eral extra- articular tenodesis (modified Lemaire 
procedure) (see Figs. 3.1 and 3.2).

a b

Fig. 3.1 AP (a) and lateral (b) preoperative radiographs of the left knee prior to ACL revision procedure
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Case 2 The patient is a 25-year-old female with 
anterior knee pain and knee instability. She 
underwent an ACL-R with hamstring graft and 
partial lateral meniscectomy 8 years prior to pre-
sentation. She has had functional instability, 
including ADLs, since a minor ski injury 1 year 
ago. Physical examination was consistent with 
ACL insufficiency, including a high-grade pivot 
shift. Plain radiographs revealed no arthrosis or 
malalignment. MRI confirmed a chronic appear-
ing ACL graft tear, lateral meniscus root tear, and 

vertical and longitudinal tear of the medial 
meniscus. The etiology of the graft failure was 
felt to be multifactorial and not related to recur-
rent trauma. Because of her functional instability, 
young age, and reparable meniscal tears, revision 
ACL-R was indicated and she elected to proceed. 
She underwent revision ACL-R with patella ten-
don autograft, lateral meniscus root repair, medial 
meniscus repair, and lateral extra- articular teno-
desis (modified Lemaire procedure) (see 
Fig. 3.3).

Fig. 3.2 Intraoperative image 
demonstrating the lateral extra-articular 
tenodesis with iliotibial band graft 
tunneled deep to the fibular collateral 
ligament

a b c

Fig. 3.3 Preoperative radiographs of AP view of bilateral knees (a), lateral of the right knee (b), and mechanical axis 
view demonstrating a neutral mechanical axis (c)
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Graft Options in the Revision ACL 
Setting

Darren S. Nabor, Christopher J. Tucker, 
and Brian R. Waterman

 Introduction

Revision anterior cruciate ligament (ACL) 
reconstruction is indicated for management of 
failed primary reconstruction in an active patient 
population, as this can restore stability and facil-
itate reliable rates of return to sport between 
56% and 100% in a recent systematic review 
[1–3]. Graft selection in revision ACL recon-
struction can be complex, as previous surgery 
and concomitant pathology can have significant 
repercussions on surgical decision-making and 
subsequent outcomes [4]. Graft availability may 
be limited in the revision setting and frequently 
depends on previous graft use, retained implants 
or hardware, and relative tunnel placement. It is 
important to consider each patient’s functional 
goals as well as their demographics (i.e., age, 
sex, and activity level) and anatomic variables 
(i.e., patella height, sagittal and coronal align-
ment, muscle strength and coordination). An 

awareness of the merits and disadvantages of 
each respective graft option is important for ulti-
mate revision graft selection.

 Patellar Bone-Tendon-Bone Graft

Patellar bone-tendon-bone (BTB) autograft has 
long been considered the traditional gold stan-
dard in ACL reconstruction surgery, and the 
advantages have been well documented including 
a strong graft, direct osseous healing, and faster 
incorporation times. Accordingly, young com-
petitive athletes remain the ideal candidates for 
BTB in the revision scenario. In patients with a 
previous hamstring tendon (HT) or free quadri-
ceps tendon (QT) autograft harvest, utilization of 
an ipsilateral BTB may serve as a reasonable 
option, especially among the younger athletic 
population. During revision ACL reconstruction, 
the tibial bone harvest can also be customized to 
a larger size in order to address osteolysis or wid-
ened tunnels while also obtaining rigid aperture 
screw fixation. The disadvantages to using BTB 
in ACL revision are similar to that seen with its 
use during primary reconstruction, primarily 
rates of anterior knee pain or crepitation, osteoar-
thritis of the knee, and patella fracture [5, 6]. In 
patients with previous QT autograft harvest and 
persistent extensor weakness, consideration of an 
ipsilateral BTB may cause a “second hit” phe-
nomenon to the extensor mechanism.
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Initially popularized by Shelbourne for primary 
ACL reconstruction, contralateral BTB grafts have 
been used to facilitate greater parity in side-to-side 
strength without significant complications [7]. One 
must consider the potential harvest site morbidity 
to the contralateral extremity and take this into con-
sideration during rehabilitation and recovery times 
for high-level athletes. Given the comparatively 
decreased rates of re-rupture in the young athletic 
population, the benefits of harvesting a contralat-
eral BTB graft, including early bone-to-bone heal-
ing, customizable graft size, and low rates of soft 
tissue creep, may outweigh the disadvantages with 
bilateral lower extremity rehabilitation.

While repeated ipsilateral BTB harvesting 
after primary autologous BTB reconstruction has 
been reported, the data supporting its use is scarce. 
Prior advanced imaging studies have shown 
reconstitution of the central third of the BTB 
donor site, but the histologic composition at the 
tendon-bone interface largely reflects scar tissue 
rather than a traditional enthesis with four distinct 
zones of transition. There are limited reports from 
Europe detailing successful re- harvesting of BTB 
4 years after primary reconstruction [8], but ipsi-

lateral re-harvest of the BTB for ACL revision has 
been associated with inferior short- and long-term 
patient-reported outcomes [9, 10]. Based on these 
findings, this graft often is not recommended for 
ACL revision reconstruction.

 Case 1

A 14-year-old male sustained a non-contact injury 
while playing football. He noted immediate pain 
and inability to bear weight and presented with a 
large effusion and positive 2B Lachman and grade 
I pivot shift exam. Radiographs revealed skeletal 
immaturity with open physes and ill-defined tibial 
tubercle apophysis. MRI was consistent with a 
right ACL intra- substance tear. He underwent a 
five-strand, HT autograft ACL reconstruction 
using a hybrid “physeal kind” technique with 
physeal-sparing, outside-in drilling of the femur, 
and central transphyseal tibial drilling. Suspensory 
fixation was utilized on the femoral side, and bio-
composite screw fixation was employed on the 
tibial side with backup staple fixation (Fig. 4.1). 
Rehabilitation was successful, and the patient was 

a b

Fig. 4.1 (a) AP view (b) Lateral view status post primary HT ACL reconstruction
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able to return to sport after comprehensive func-
tional testing by physical therapy.

At approximately 10 months postoperatively, 
he sustained a twisting injury playing basketball 
and sustained a complete mid-substance graft 
tear (Fig.  4.2). Given his young age and multi- 
sport involvement, revision ACL reconstruction 
was recommended.

When considering graft selection for this 
patient, several factors were considered including 
his young age, involvement in competitive level 1 
cutting and pivoting sports, and recent physeal 
closure. Given these risk factors, autograft was 
selected given the higher failure rates with 
allograft, with discussion between ipsilateral 
BTB or QT. Previous tunnel location and assess-
ment for minimal widening were also 
considered.

Given the previous physeal-sparing-femoral 
tunnel, we elected for use of ipsilateral BTB graft 
with new divergent femoral tunnel across the 
physeal scar (so-called funnel technique), while 
the primary tibial tunnel was drilled until encoun-
tering healthy metaphyseal bone with punctate 
bleeding, with the use of a larger diameter bone 
block for optimal fill. The tunnel walls were 
found to be competent, and the BTB autograft 
was deployed and subsequently fixated with 
metallic interference screws on both sides 
(Fig.  4.3). Given his high-grade pivot shift and 
prior autograft failure, an extra-articular iliotibial 
band (ITB) tenodesis was also performed using 

the modified Lemaire technique. He successfully 
completed rehabilitation with objective return to 
sport testing and was able to return to football at 
10  months after his revision BTB ACL recon-
struction. He has remained stable without re- 
injury at approximately 3 years follow-up.

 Hamstring Tendon Graft

HT autograft is commonly used in primary ACL 
reconstruction with favorable results [11], 
although there can be wide variability in prepara-
tion techniques and fixation constructs. In 
patients with previous BTB or QT autograft, har-
vesting an ipsilateral or contralateral HT remains 
a potential option. The advantages are similar to 
primary reconstruction including smaller 
 incisions and less perioperative donor site mor-
bidity, specifically less kneeling pain as com-
pared to BTB. Fixation strength may be less than 
BTB, and caution is advised in females due to 
concerns about compromise of the posterior 
kinetic chain, residual hamstring weakness with 
loss of secondary stabilizers, and slightly higher 
risk of re- rupture. Traditionally, surgeons have 
also exercised caution to avoid HT autografts in 
athletes who compete in high-flexion (e.g., wres-
tling, hurdling) or hamstring-dominant sports 
such as skiing or soccer, although there is little 
evidence to support this theory. In contradistinc-
tion to primary ACL reconstruction, similar out-

a b c

Fig. 4.2 (a) Coronal MRI (b) Sagittal MRI (c) Arthroscopic imaging of ACL graft failure
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comes and graft rupture rates between HT and 
BTB autograft in the revision setting have been 
shown across numerous large-scale database 
studies [2]. A recent meta-analysis showed 
patients treated with BTB autograft had inferior 
objective IKDC grades compared with HT 
 autograft and non-irradiated allografts presum-
ably from increased donor site morbidity in the 
BTB group [12].

Studies on contralateral HT harvest for ACL 
revision report this as a feasible option with simi-
lar clinical and patient-reported outcomes com-
pared with ipsilateral HT harvest and allograft 
[13, 14]. While a valid option, caution should be 
taken in young females due to elevated risk of a 
contralateral ACL rupture secondary to ham-
string weakness at index ACL surgery [15]. The 
ideal candidates for HT autograft are active 
patients without evidence of hyperlaxity, those 
seeking to avoid donor site morbidity associated 
with other graft options, and those objecting to 
allograft use.

 Case 2

An 18-year-old male NCAA Division 1 offensive 
lineman sustained a non-contact twisting injury 
to his right knee. He presented with a large effu-
sion and positive 2B Lachman and grade 1 pivot 
shift exam. Plain film radiographs of his right 
knee were unremarkable, and MRI was consis-
tent with complete mid-substance ACL tear. He 
underwent a right ACL reconstruction with BTB 
autograft using suspensory fixation on the femur 
and a metal interference screw on the tibia 
(Fig. 4.4).

He was able to return to Division 1 football 
activity; however, 2  years after his primary 
reconstruction, he sustained a second non-con-
tact twisting injury during a game. His exam was 
consistent with re-rupture of the BTB graft, 
which was confirmed with MRI (Fig. 4.5). Given 
his young age and goals to return to Division 1 
football, revision ACL reconstruction was 
recommended.

a b

Fig. 4.3 (a) AP view (b) Lateral view status post ACL revision reconstruction with BTB autograft
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When considering graft selection for this 
patient, several factors were considered including 
his young age and involvement in high-level 
intercollegiate cutting and pivoting athletics. In 
view of these variables, autograft was selected, 
with deliberation between ipsilateral HT or 
QT. Contralateral BTB was also discussed with 
the athlete; however, he wished to avoid donor 

site morbidity to his healthy, unaffected extrem-
ity. Given the previous non-anatomic femoral 
tunnel location and minimal widening, HT auto-
graft was selected for the revision 
reconstruction.

At the time of revision, an all-inside technique 
was utilized. The semitendinosus and gracilis 
grafts were harvested from the ipsilateral knee 

a b

Fig. 4.4 (a) AP view (b) Lateral view status post primary BTB ACL reconstruction

a b

Fig. 4.5 (a) Sagittal MRI (b) Coronal MRI cuts of ACL graft failure
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and fashioned to a four-strand 10-mm diameter. 
The femoral and tibial tunnels were reamed with 
an outside-in technique. The previous bone plugs 
from the primary reconstruction were completely 
consolidated with no tunnel widening. The tibial 
metal interference screw was removed to ream 
the tibial tunnel to healthy metaphyseal bone. 
The tunnel walls were found to be competent, 
and the HT autograft was deployed and subse-
quently secured with suspensory fixation on both 
sides (Fig. 4.6). He successfully completed reha-
bilitation with objective return to sport testing 
and was able to return to football 10 months after 
his revision HT ACL reconstruction.

 Quadriceps Tendon Graft

The quadriceps tendon (QT) has gained increas-
ing attention as an option for both primary and 
revision ACL reconstruction. Given its larger 
average graft thickness, the QT can be harvested 
with or without a bone block and either using two 
or three layers of the QT. The thickness of the QT 
has been measured to be an average of 18 mm in 
males and 16 mm in females [16, 17]. This thick-
ness is compared with a thickness of less than 
6 mm for normal BTB grafts [16–18]. The intra- 
articular volume of harvested QT has also been 
found to be 87.5% greater than harvested BTB, 

a b

c d

Fig. 4.6 (a) Arthroscopic imaging of retrograde reamer (femur) (b) Femoral tunnel (c) Tibial tunnel (d) HT autograft
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and after the harvest, there was significantly more 
QT remaining than BTB [18]. Similar to the BTB 
bone plug, a quadriceps bone block can also be 
used to augment bone loss from widened tunnels 
with the possibility of less donor site morbidity. 
In addition to robust tissue volume, the QT has 
lower donor site morbidity and equivalent out-
comes to other autograft types [19–21].

A recent study compared ipsilateral QT with 
contralateral HT autograft for ACL revision and 
found no differences in revision rates, postopera-
tive knee joint stability, or patient-reported out-
comes [22]. Utilizing a contralateral QT autograft 
is also an option; however, there is little literature 
regarding this option. As with any contralateral 
autograft, the primary reservations often center 
around the potential donor site morbidity to the 
uninvolved extremity. Younger athletic patients, 
particularly those with open physes, patella alta, 
or pre-existing anterior knee pain or patellar ten-
dinopathy, are among the ideal candidates for QT 
autografts.

 Case 3

A 17-year-old male with previous history of left 
HT autograft ACL reconstruction sustained a 
non-contact twisting injury during a high school 
football game. He felt immediate pain and swell-

ing. Pivot shit and Lachman examination were 
positive, and MRI confirmed re-rupture of the HT 
autograft with prior anatomic tunnel position. 
Given his young age and wish to continue com-
petitive high-demand sports, revision ACL recon-
struction was recommended.

Interestingly the patient also had evidence of 
patella alta with a large patellar tendon entheso-
phyte at the inferior pole of the patella (Fig. 4.7). 
Given his age and commitment to play collegiate 
football, QT autograft was recommended in 
order to prevent concerns related to graft tunnel 
mismatch or pre-existing tendinopathy. His pre-
vious surgery was performed with suspensory 
fixation on both the femur and tibia. A QT auto-
graft with patellar bone block was considered for 
modest tunnel widening due to the previous soft 
tissue graft. Alternatively, QT could also be har-
vested without the bone block if one was more 
comfortable with soft tissue fixation and tunnel 
lysis was not a concern. Relative contraindica-
tions to BTB in this case included pre-existing 
enthesopathy with large accessory ossicle and 
patella alta (Insall-Salvati index 1.5).

At the time of surgery, the central third 
10 × 70 mm of the QT was harvested taking a 
10 × 20 mm bone block (Fig. 4.8). An over-the- 
top femoral footprint guide and tibial guide were 
used to create a 10-mm and 10.5-mm tunnel, 
respectively, after sequential tunnel dilation. 

a b c

Fig. 4.7 (a) Lateral X-ray (b) Sagittal MRI (c) Coronal MRI showing enthesophyte at inferior pole of patella
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Careful scrutiny and direct “tunneloscopy” 
revealed a competent back wall with surrounding 
healthy reamed bone devoid of prior graft tissue. 
The QT graft was then deployed with the bone 
plug on the femoral side and soft tissue end 
towards the tibia (Fig.  4.9). After tapping, two 
PEEK interference screws were then placed in 
the femur and tibia, with sizes 7 mm and 10 mm 
utilized, respectively (Fig. 4.9).

By nearly 10  months postoperatively, the 
patient had a successful rehabilitation with no 
donor site morbidity, residual strength deficits, or 
limitations in terminal range of motion, and he 
has been able to return to competitive sport.

 Allograft

Unlike primary ACL reconstruction, graft choice 
during revision cases can be limited by prior 
autograft use. Among these, numerous allograft 
options exist for revision ACL reconstruction 
and may offer the advantages of shorter opera-
tive times, smaller incisions, single- or two-
staged reconstruction, and ability to obviate 

a

b

Fig. 4.8 (a) QT autograft after harvest (b) QT autograft 
after fixation

a b

Fig. 4.9 (a) AP view (b) Lateral view status post revision QT ACL reconstruction
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donor site morbidity. BTB, HT, posterior tibialis 
(PT), and Achilles allografts are commonly used 
in the revision setting. Use of a larger allograft, 
such as an Achilles allograft and hemi-patellar 
(or whole tendon) allograft, can allow for cus-
tomization of bone block sizing to accommodate 
larger tunnel diameters seen with prior interfer-
ence screw fixation, tunnel osteolysis, or subtle 
tunnel malposition. However, the disadvantages 
need to be dually considered, including longer 
incorporation times, potential disease transmis-
sion, and higher cost. It has been well docu-
mented that younger patients experience 
disproportionally higher re-rupture rates during 
revision surgery with allograft use [4, 12]. 
Several large-scale studies have also reported up 
to four times higher failure rates for primary [23] 
and two times higher in the revision setting [24]. 
Conversely, patients of increased age (i.e., 
>40  years) and/or lower physical demands are 
more appropriate candidates for allograft, and 
their use should be used with caution in young 
competitive athletes.

Furthermore, tissue processing and steriliza-
tion of allografts also must be taken into consid-
eration. Several studies have demonstrated that 
non-irradiated and fresh allografts have similar 
failure rates to autograft. Conversely, there is a 
corresponding higher rate of failure in irradiated 
allografts, even at lower doses [4, 12, 25]. A 
systematic review compared autograft to non- 
chemically treated and non-irradiated allograft 
tissue during primary ACL reconstruction. The 
authors noted no differences between the two 
groups in terms of Lysholm scores, IKDC 
scores, Lachman examinations, pivot shift test-
ing, KT-1000 measurements, or failure rates 
[25]. In addition, another group evaluated 5986 
primary ACL reconstruction cases and found 
the use of BioCleanse and graft irradiation of 
>1.8 Mrad were associated with a higher risk of 
revision when compared with all other methods 
of processing [26]. A recent meta-analysis 
including 32 studies looked at outcomes of revi-
sion ACL reconstruction, comparing the use of 
autograft and irradiated (2.5 mRad; 2 studies) 
and non- irradiated allograft (7 studies) [12]. 
Autografts exhibited better outcomes than 
allografts, with lower postoperative laxity and 

rates of  complication and reoperations. 
However, outcomes were similar between auto-
grafts and allografts after exclusion of irradiated 
allografts.

One of the goals of the Multicenter ACL 
Revision Study (MARS) cohort was to determine 
if revision ACL graft choice predicts outcomes 
related to sports function, activity level, OA symp-
toms, graft re-rupture, and reoperation at 2 years 
following revision [4]. In this study, 1205 patients 
underwent revision ACL reconstruction at a mean 
age of 26 years old, and the distribution of graft 
selection was 48% autograft, 49% allograft, and 
3% hybrid autograft/allograft. The use of autograft 
predicted improved score on the IKDC, KOOS 
subscale Sports and Recreation, and KOOS sub-
scale Quality of Life. Importantly, the use of an 
autograft resulted in patients 2.8 times less likely 
to sustain a subsequent graft rupture than if an 
allograft was utilized. No differences were noted 
in re-rupture or patient-reported outcomes between 
soft tissue and BTB autografts.

 Case 4

A 42-year-old male sustained a twisting injury at 
work and felt immediate pain and swelling. His 
exam was consistent with a left ACL tear which 
was confirmed with MRI. He underwent soft tis-
sue allograft ACL reconstruction via a trans-tibial 
technique by an outside surgeon with suspensory 
fixation on the femur and bioabsorbable screw on 
the tibia (Fig. 4.10). He was able to rehabilitate 
his knee and return to recreational sports; how-
ever, while playing basketball he sustained a 
twisting injury and was diagnosed with a re-tear 
of his allograft ACL reconstruction.

Given his age and activity goals, it was recom-
mended he undergo revision ACL reconstruction. 
His goals were to return to recreational sports 
including basketball and running. Preoperative 
imaging was obtained including MRI and CT 
scan to evaluate for tunnel widening (Fig. 4.11). 
The MRI revealed complete rupture of the 
allograft, and CT scan revealed tunnel widening 
of approximately 14  mm on the tibial side and 
12 mm on the femoral side. Given this informa-
tion it was determined the revision would be 
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a b

Fig. 4.10 (a) AP view (b) Lateral view status post primary allograft HT ACL reconstruction

A B C

a b c

Fig. 4.11 (A) Axial CT (femur) (B) Axial CT (tibia) (C) Coronal CT pre-bone grafting. (a) Axial CT (femur) (b) Axial 
CT (tibia) (c) Coronal CT post-bone grafting
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staged with bone grafting of the defects followed 
by revision ACL reconstruction.

Taking into consideration the patient’s age, 
activity goals, and previous surgical confounders 
including tunnel widening, allograft was selected 
for the revision reconstruction. In choosing 
between the multiple allograft options, BTB was 
selected to allow for the possibility of utilizing 
the bone block to fill any residual tunnel widen-
ing and obtain secure fixation with screws.

At the time of surgery, both the femoral and 
tibial bone grafts had consolidated. With an 
anteromedial portal technique, an over-the-top 
footprint guide was utilized for the femur, and a 
10 mm socket was reamed. The tibial guide was 
then used to ream a tunnel in anatomic position. 
A BTB allograft was then deployed into the tun-
nels with good fit, and metal screws were then 
placed with excellent purchase (Figs.  4.12 and 
4.13). His postoperative course including reha-

a b

Fig. 4.12 (a) Arthroscopic image of failed primary ACL reconstruction (b) Revision BTB allograft reconstruction

a b

Fig. 4.13 (a) AP view (b) Lateral view status post BTB allograft revision reconstruction
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bilitation was successful, and he has been able to 
return to activities of daily living and recreational 
athletics without further instability.

 Conclusion

In summary, there are multiple options for graft 
selection during revision ACL reconstruction, 
with numerous relative advantages and limita-
tions. In planning for revision ACL surgery, con-
sideration of technical aspects of primary 
reconstruction, risk factors for failure, and unique 
patient-specific variables is critical during this 
decision-making process to ensure an optimal 
outcome. In addition to patient demographics, 
one must also evaluate factors such as prior surgi-
cal procedures, prior graft use, presence of tunnel 
widening, previous fixation methods, and patient 
goals with anticipated future level of activity. 
Ultimately, a technically well-performed ACL 
reconstruction is critical for early graft remodel-
ing, function, and longer-term survivorship, 
regardless of graft selection. However, in many 
cases, graft selection can impact patient-reported 
outcomes and surgical success rates, and preop-
erative planning is essential for appropriate graft 
selection.
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Game-Day Preparation 
for Revision ACL Surgery

Anthony A. Essilfie, Randy M. Cohn, 
Robert J. Meislin, and Michael J. Alaia

 Background

Anterior cruciate ligament (ACL) reconstruc-
tions are one of the most common procedures 
performed in orthopedic surgery. It is estimated 
that over 200,000 ACL reconstructions are per-
formed annually in the United States [1–3]. Many 
of these patients are highly motivated to return to 
their sport of choice. The return to play from pri-
mary ACL reconstruction ranges from 63% to 
98% depending on the sport [4].

Even though most athletes return to sport after 
primary ACL reconstruction, there are several 
possible complications that could necessitate 
revision ACL reconstruction surgery. The 
Multicenter Orthopaedic Outcomes Network 
(MOON) group reported that there was an 8% 
rate for revision ACL reconstruction in the ipsi-
lateral knee, with the median time to revision 
ACL reconstruction being 17  months from the 
primary procedure [5]. Revision ACL reconstruc-
tions have inferior outcomes compared to pri-
mary ACL reconstruction [6]. Moreover, these 

patients have increased postoperative osteoarthri-
tis when compared to primary ACL reconstruc-
tion [7]. These suboptimal outcomes have also 
been highlighted in the pediatric and adolescent 
patient population who are particularly at risk for 
revision ACL reconstruction [8, 9].

Given the inferior results of revision ACL recon-
struction, it is imperative that every effort is made to 
make the revision ACL surgery as efficacious as 
possible and understand the many relevant factors 
when planning for the procedure, many of which 
are highlighted elsewhere in this textbook. With that 
in mind, this chapter will provide practical game-
day preparation for the revision ACL reconstruction 
and impart tips and tricks that have been effective 
for us in a complex knee surgery practice.

 Preoperative Evaluation

 History

One must ascertain why the primary ACL recon-
struction may have failed, and as is highlighted in 
the other chapters in this book, the list of reasons 
can be quite robust. It is possible that the patient 
fully healed the primary ACL reconstruction and 
sustained another traumatic event leading to a 
graft tear [10]. Nevertheless, the most common 
technical reason for ACL reconstruction failure is 
poor tunnel placement. Particularly, femoral tun-
nel malposition has been cited as the reason for 
failure for almost 50% of cases [11]. Many patients 
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that have a failed primary ACL reconstruction 
change their surgeon [12]. As such, it is important 
to obtain the history regarding the initial mecha-
nism of injury, the operative report, and the 
arthroscopic images from the initial procedure. 
Additionally, it is critical to determine if there 
were any complications during the  postoperative 
course. It is also paramount that the surgeon deter-
mines where along the rehabilitation process the 
patient was when he or she started having recur-
rent instability symptoms. Furthermore, the patient 
should be asked about general ligamentous laxity 
or connective tissue disorders at baseline.

 Physical Exam

A thorough physical examination is vital in plan-
ning for revision ACL surgery. The patient’s pre-
vious skin incisions should be carefully assessed. 
A decision should be made whether the incisions 
can be re-used for revision surgery or if it is best 
to avoid the initial incisions. Moreover, the knee 
should be examined for signs of infection. A gen-
eral assessment of varus or valgus alignment 
should be made. Range of motion of the injured 
knee should be compared to the contralateral 
side. Prone heel heights can help detect slight dif-
ferences in extension. Examination should assess 
for the presence of an effusion. A comprehensive 
evaluation of stability is essential. Commonly 
performed physical examination maneuvers per-
tinent to detect ACL tears include the Lachman, 
anterior drawer, and pivot shift examination. Gait 
should be assessed for any valgus or varus thrust 
as this may indicate concomitant laxity to the 
posteromedial or posterolateral corner, respec-
tively. Menisci are commonly injured in the set-
ting of an ACL injury and should be assessed on 
physical exam. Additionally, knees should be 
assessed for the presence of knee hyperextension. 
(For a more detailed workup for revision ACL 
tears, refer to Chap. 2.)

 Radiographs

Weight-bearing AP, PA with 45 degrees of knee 
flexion, lateral, and merchant views should be 

obtained. Tunnel placement and possible tunnel 
expansion should be carefully scrutinized. It is 
also important to note if there is any hardware 
that may require removal. Careful attention 
should be focused on the posterior slope of the 
tibia as it has been found that increased posterior 
slope greater than 12 degrees may result in 
greater pivot shifts and higher ACL reconstruc-
tion failures [13, 14]. In our practice, hip to ankle 
standing alignment films are obtained in all 
patients with a failed reconstruction. Stress radio-
graphs can help determine the degree of instabil-
ity which can aid treatment decision-making. It is 
critical to obtain an MRI to assess for integrity of 
the ACL graft as well as any concomitant knee 
injury. Lastly, if tunnel widening is concerning 
on XR, a CT scan should be ordered [15]. There 
is great variability in the threshold of tunnel 
enlargement that would prompt a two-stage revi-
sion ACL reconstruction. Generally, tunnel 
enlargement greater than 15–16 mm necessitates 
a two-stage revision ACL reconstruction with ini-
tial bone grafting of the tunnels and subsequent 
ACL reconstruction [16–19].

 Shared Decision-Making Discussion

A failed primary ACL reconstruction is a devas-
tating event for the patient. From the patient’s 
perspective, the patient has undergone a surgical 
procedure and then invested time and resources 
into a prolonged rehabilitation program of 
6 months or longer in an attempt to return to an 
active lifestyle. This reality must not be lost on 
the surgeon when discussing the decision to 
undergo a revision ACL reconstruction. It is 
important that patients have appropriate expecta-
tions after revision ACL reconstruction. It has 
been shown that patients have lower outcome 
scores and return to sport after a revision ACL 
reconstruction when compared to primary ACL 
reconstruction [7, 20, 21]. It is also important to 
discuss potential graft options and harvest sites. 
The advantages and disadvantages of each auto-
graft should be tailored to the patient’s physio-
logic age, lifestyle, and physical demands. 
Additionally, consideration of allograft as a pos-
sible graft source should be discussed, based on 
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patient age, activity level, and expectations. (For 
further detail on graft options, refer to Chap. 5.) 
If concomitant injuries are identified, a through 
discussion regarding additional procedures and 
their impact on outcomes is essential. A discus-
sion over supplemental anterolateral procedures 
such as lateral extra-articular tenodesis (LET) 
and anterolateral ligament reconstruction is pre-
sented in Chaps. 17 and 18, respectively. 
Furthermore, the medial sided structures may be 
injured and require repair versus reconstruction 
as discussed in Chap. 13.

 Game-Day Preparation and Pearls 
for Revision ACL Reconstruction

Game-day success begins with preparation. A 
thorough physical examination, appropriate 
radiographic studies, and intensive patient coun-
seling will all contribute to your success. 
However, as there are many potential intraopera-
tive pitfalls that you may encounter (e.g., hard-
ware complications, tunnel issues), you should 
have a game plan that not only includes your pre-
ferred surgical approach but also a plan to resolve 
potential pitfalls with bailouts or alternative 
options. The best way to handle intraoperative 
difficulties is to anticipate them; this sort of prep-
aration will keep you composed in the heat of the 
moment should an issue arise. A checklist of spe-
cial equipment and availability should be created 
ahead of the scheduled surgery date to ensure 
availability.

Prior to the day of surgery, attempt to figure 
out who will be part of your surgical team. Who 
will be your anesthesiologist, circulator, and sur-
gical technician? Who will be your assistant? 
Will it be a physician assistant, or, for those with 
trainees, will it be a resident or fellow? It is 
important that all members of the team are famil-
iar with the procedure in order to optimize the 
quality of care provided to the patient. The anes-
thesiologist should be familiar with a regional 
nerve block that will allow appropriate pain con-
trol for the perioperative period. The circulator 
should ensure that all items on the picklist are in 
the room or readily available to minimize the 

amount of time spent out of the room looking for 
supplies. The surgical technician and assistants 
need to be familiar with the steps of the proce-
dure and instrumentation in order to optimize 
efficiency.

The preoperative consent process should be 
detailed and hopefully involve a family member 
as well in the room if possible. The surgeon 
should go over the plan with the patient in detail, 
as revision surgeries may change on the fly. We 
routinely consent for ACL revision surgery with 
the preferred autograft, as well as the possibility 
of allograft. Additionally, we typically include 
meniscal repair or debridement on the consent, as 
well as removal of hardware, anterolateral or col-
lateral ligament augmentation, and two-staged 
procedures with bone graft. It is certainly ideal to 
inform patients of the distinct possibilities prior 
to making incision; this will not only improve the 
physician-patient relationship but also set appro-
priate patient expectations.

Before scrubbing for the case, it is helpful to 
write down the steps of the procedure on the 
whiteboard. This serves as a reference for all 
members of the surgical team and allows every-
one to anticipate the next step. If you have 
planned for an allograft revision, then confirm 
your choice of allograft is readily available and 
that there are backups in case the procedure needs 
to be altered or if the graft has a complication. 
Once the decision to use an allograft has been 
determined, it should be opened and thawed to 
prevent wasted time later on in the procedure. 
Graft preparation can even be done concurrently 
with induction of anesthesia to optimize effi-
ciency during the surgical procedure. 
Additionally, bone grafting options including 
bone dowels, cancellous chips, or structural 
allografts should be readily available in case 
there is excessive osteolysis or significant con-
vergence is encountered and the procedure 
requires staging.

Our preferred setup is with the patient lying 
supine with a leg holder proximal on the thigh. 
We routinely use a tourniquet, placed very proxi-
mal on the leg in order to have as much space 
exposed for any proximally based work or guide 
pin passage. The leg holder should never be 
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excessively tight; otherwise a venous tourniquet 
may be created. We ensure that the knee can eas-
ily be hyperflexed in the case that hardware needs 
to be removed or anteromedial (AM) portal fem-
oral drilling is preferred. Depending on surgeon 
preference, the contralateral leg is supported with 
either blankets under the distal thigh or a well leg 
holder with the extremity well abducted and 
flexed, to allow sufficient space for a posterome-
dial portal; this is important for combined ACL/
PCL reconstruction cases as well as posterior 
medial ramp lesion fixation. A 70-degree arthro-
scope in addition to the 30-degree scope should 
be available for improved viewing posteriorly in 
the knee.

Although a significant amount of information 
regarding tunnels can be gathered preoperatively, 
we recommend diagnostic arthroscopy prior to 
any autograft harvest in revision cases. This allows 
the surgeon to obtain critical information regard-
ing the exact positions of prior tunnels and can 
also help determine if the preferred surgical plan 
should be altered in terms of drilling method, fixa-
tion method, or graft choice (e.g., switch between 
autograft to allograft or whether or not the proce-
dure should be staged and bone grafting needed). 
We never want to subject a patient to the morbidity 
of an autograft harvest to have it jeopardized by a 
suboptimal environment for fixation.

Although our preference is to maintain pre- 
existing hardware in the tibia or femur, some-
times hardware removal is required, particularly 
in the tibia. If this is the case, fluoroscopy can be 
extremely helpful to have in the operating room, 
not only for incision localization but also to local-
ize the hardware in cases where bone has over-
grown the fixation. We prefer to use a mini C-arm 
and prop the leg up on a ring stand or small table 
with a stack of towels to pad the heel in order to 
get appropriate orthogonal images. Make sure 
that the appropriate screwdriver or hardware 
removal set is in the room as well as osteotomes 
to remove bone overgrowth. If a formal osteot-
omy is planned in addition to the revision ACL 
reconstruction, a regular C-arm will be helpful. It 
is incumbent on the surgeon to be familiar with 
the osteotomy instrumentation. Typically, the 
femoral ACL tunnel is addressed prior to the tib-

ial osteotomy for varus correction, and the tibial 
tunnel will be drilled following correction of the 
varus deformity.

Having the appropriate instrumentation is of 
critical importance. Ensure that you have differ-
ent options for graft fixation such as large screws, 
staples, suture anchors, cortical fixation devices, 
and large frag screw and washer. Also, large bar-
rel reamers may be needed for cylindrical tunnel 
reaming. If previous fixation was made with bio-
degradable or biocomposite hardware, it should 
be noted that reaming through these materials 
will not feel like normal bone and the reamer 
may not pass easily. The surgeon may choose to 
begin with a smaller reamer and gradually 
increase the diameter of the tunnel until the 
desired width is obtained. Additionally, ACL 
dilators are extremely helpful in revision ACL 
cases, not only for tunnel creation but also to cen-
ter a guide pin in a previously made tunnel.

 Clinical Cases

 Case 1

The patient is a 39-year-old female who under-
went a bone-patella tendon-bone (BTB) autograft 
ACL reconstruction of her right knee 15  years 
earlier in Europe. Two years prior to presentation 
at our institution, she had a repeat pivoting injury 
while surfing. She attempted to treat her knee 
with rest and activity modification; however, 
symptoms of instability persisted, and she ulti-
mately had difficulty performing basic activities 
of daily living.

On physical examination, she had a grade 2B 
Lachman and a positive pivot glide. Her knee was 
stable to varus and valgus stress at 0 and 30 
degrees of flexion. She had a negative examina-
tion of her posterolateral and posteromedial cor-
ners with normal alignment which was confirmed 
with a hip to ankle standing alignment film. 
Radiographs demonstrated a previous screw and 
washer fixation with metal wire for cortical fixa-
tion on the femoral side, while a metal interfer-
ence screw was used for tibial fixation (Fig. 5.1). 
MRI showed an ACL graft tear, anterior tibial 
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translation, as well as a complex medial  meniscus 
tear. Given the patient’s symptoms and activity 
level, she elected to undergo a revision ACL 
reconstruction using bone-patellar tendon-bone 
allograft.

Prior to the procedure, there were concerns 
about the location of the femoral and tibial hard-
ware. It was possible that using an AM drilling 
technique could potentially cause either hard-
ware convergence or inability to pass the graft. 
Additionally, the tibial screw may have to be 
removed if it could not be bypassed by the tibial 
reamer.

In planning for this procedure, we considered 
possible pitfalls related to the previously placed 
hardware. We had instrumentation on backup that 
would allow us to perform outside-in drilling as 
well as potential bone graft options or larger 
screw options for the tibia. Intraoperatively, an 

irreparable medial meniscus tear was found, and 
a partial meniscectomy was performed. When 
drilling the femoral tunnel with the knee in 
hyperflexion through a low AM portal, the guide 
pin was unable to be passed around the prior 
hardware. Rather than making an incision to 
remove the hardware, we elected to drill the fem-
oral tunnel utilizing a separate, outside-in retro-
grade reaming technique which allowed us to 
bypass the femoral hardware. Fluoroscopic imag-
ing was available for the procedure to confirm 
that the tunnels were divergent. Additionally, the 
tibial screw was removed to allow for a new tun-
nel to be drilled. Intraoperative fluoroscopy 
showed appropriate positioning with metal inter-
ference screws in the femoral and tibial tunnels 
(Fig. 5.2). Ultimately, the patient did well from 
her procedure and had no recurrent episodes of 
instability.

a b

Fig. 5.1 AP (a) and lateral (b) radiographs of the right knee with previous screw and washer with metal wire used for 
femoral fixation. A metal interference screw was used for tibial fixation in the index procedure
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 Case 2

An 18-year-old male recreational athlete under-
went an isolated ACL reconstruction with BTB 
autograft. The primary surgery was performed 
with a 10-mm retrograde drill for the femoral 
socket and a 10-mm barrel reamer for the tibial 
tunnel. Femoral and tibial fixation was achieved 
with metal interference screws.

Five months postoperatively, the patient sus-
tained a re-rupture when he slipped on a wet 
floor. On examination, the patient had normal 
gait and alignment without varus or valgus 
thrust. He had a mild effusion and full range of 
motion. There was a 2+ anterior drawer, 2B 
Lachman examination, and a positive pivot glide 
in the office. Examination of his collaterals and 
corners was normal. Radiographs demonstrated 
appropriate positioning of femoral and tibial tun-
nels using metal interference screws, and MRI 
showed a complete rupture of the graft without 
concomitant meniscal or cartilage injury 
(Figs. 5.3 and 5.4).

Given his age and activity level, the decision 
was made to use an ipsilateral hamstring auto-
graft for the revision ACL reconstruction. 
Additionally, given the prior 10-mm tunnels, the 
surgeon must consider techniques to ensure suf-
ficient graft diameter to fill the prior tunnels. The 
possibility of a hybrid autograft-allograft was 
discussed with patient, in case his hamstring 
autograft was of insufficient size to fill the prior 
tunnels. To prepare for this possibility, the sur-
geon ensured that there was a semitendinosus 
allograft of sufficient length available. For this 
patient, a quadrupled semitendinosus autograft 
had a 10 mm diameter and was thus appropriate 
for the revision reconstruction, without need to 
harvest the gracilis tendon.

The next issue to tackle was hardware removal. 
The prior operative report was reviewed to iden-
tify the particular interference screws used in the 
index procedure and have the appropriate screw-
driver available for removal. Additionally, the 
surgeon planned to have osteotomes and other 
instruments available in case there was bony 

a b

Fig. 5.2 Intraoperative fluoroscopic AP (a) and lateral (b) views or the right knee showing new interference fixation at 
the femoral and tibial tunnels with maintained femoral fixation hardware from the index procedure
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overgrowth encountered during hardware 
removal. Fluoroscopy should be available if the 
hardware is not apparent. The surgeon may also 
plan to leave in the prior metal screws and place 
new tunnels around them.

After hardware removal and debridement of 
the prior graft, the next crucial step was creation 
of femoral and tibial tunnels. The index ACL was 
performed using an independent outside-in retro-
grade drill for the femur. The surgeon’s prefer-
ence was to recreate the femoral socket in similar 
fashion. However, during the revision operation, 
difficulty was encountered in re-drilling the fem-
oral socket due to the presence of soft tissue 
within the socket. In planning for this potential 
issue, the surgeon had requested that low-profile 
reamers be available. The soft tissue within the 

planned socket was removed using a 10-mm low- 
profile reamer, through an accessory low AM 
portal with the knee in hyperflexion. The thin 
shaft of the low-profile reamer allows for fine 
adjustment of the femoral tunnel placement when 
working around the medial condyle during AM 
portal drilling. The outside-in retrograde drill 
was then used to complete femoral socket 
preparation.

Tibial tunnel preparation and graft fixation 
also presented challenges in this case. For the 
index procedure, a 10-mm barrel reamer was 
used to create the tibial tunnel. As a result, there 
was no longer cortical bone at the distal aspect of 
the tibial tunnel, preventing the use of a standard 
button for cortical fixation. For this patient, the 
tibial tunnel was recreated using a 10-mm barrel 

a b

Fig. 5.3 AP (a) and lateral (b) radiographs of a right knee, status post index ACL reconstruction with metal interfer-
ence screws
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reamer. In this case, the surgeon preferred to use 
an “all-inside” technique, given the adequate size 
of the quadrupled semitendinosus. A cortical but-
ton larger than the 10-mm tibial aperture must be 
available to use this technique. For this patient, a 
standard femoral button was used along with a 
14-mm button for tibial fixation (Fig. 5.5). In this 
case, the surgeon had to plan ahead in determin-
ing graft choice and availability, hardware 
removal, tunnel preparation, and graft fixation.

 Case 3

A 24-year-old male was seen in clinic with a his-
tory of left knee ACL reconstruction with autolo-
gous hamstring tendons performed at an outside 
institution 3 years prior. One year following this 
index surgery, the ACL graft failed, and the sur-
geon performed a revision ACL allograft proce-
dure. This procedure was complicated by a 

a b

c d

Fig. 5.4 Sagittal (a, b, c) and coronal (d) T2 STIR weighted MRI images demonstrating full thickness re-tear of the 
ACL graft
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postoperative infection necessitating multiple 
irrigation and debridements as well as intrave-
nous antibiotics. The patient presented 2  years 
following this second failed ACL surgery.

The patient complained of continued left knee 
instability including buckling and giving way 
episodes. His physical examination showed a 3B 
Lachman with soft endpoint and positive pivot 
shift. Range of motion with extension of 0 
degrees and flexion to 130 degrees, trace effu-
sion, and valgus/varus stress testing was stable at 
0 and 30 degrees of flexion. No evidence of pos-
terolateral or posteromedial instability. The over-
all alignment was normal. Radiographs showed 
no increase sagittal slope and no metallic hard-
ware present (Fig.  5.6). MRI showed a failed 
ACL graft with intact menisci.

The patient wished to pursue a third left knee 
ACL reconstruction. Preoperative workup 

included a thorough evaluation for any active 
infection with blood labs drawn including com-
plete blood count with differential, erythrocyte 
sedimentation rate, and C-reactive protein. All 
labs were negative. Attempts at tracking down his 
previous surgical records including pathogen 
source and antibiotic sensitivities were 
unsuccessful.

We chose ipsilateral bone-patellar tendon- 
bone autograft for the revision. Additionally, 
the patient was indicated for a possible modi-
fied Lemaire extra-articular tenodesis (LET) 
procedure using a central slip of his iliotibial 
band (ITB) to add an additional checkrein to 
internal rotation while in flexion to protect the 
ACL graft. This was ultimately decided with 
the examination under anesthesia, with a large 
pivot shift leading us to perform a LET 
augmentation.

a b

Fig. 5.5 AP (a) and lateral (b) radiographs of a right 
knee, status post revision ACL reconstruction with corti-
cal button fixation at the femur and tibia. A 14-mm revi-

sion button was used for tibial fixation given the prior 
failed ACL reconstruction with 10-mm tibial tunnel
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When performing a revision ACL procedure, 
time is important. If you feel that you may need 
more than 2 hours of tourniquet use for visualiza-
tion, the initial diagnostic knee scope can be per-
formed with the tourniquet down. A 
radiofrequency probe coupled with epinephrine 
in the saline bag can be helpful for visualization 
with the tourniquet down.

In this case, the graft was completely torn with 
little residual remnant and an overgrown inter-
condylar notch. The notch was prepared, and 
there was no evidence of a bony femoral socket 
from previous surgeries. The BTB was harvested 
with 10-mm bone plugs. The femoral tunnel was 
created with the use of a flexible Beath pin and 
flexible reamer. The BTB graft was fixed with 
biocomposite interference screws in both the 
femoral and tibial tunnels.

Attention was paid to the LET reconstruction 
with a distal lateral thigh incision. The central 
9 mm of ITB was harvested maintaining its inser-
tion at Gerdy’s tubercle. Care is taken not to har-
vest the posterior ITB since this could disrupt 

Kaplan’s fibers which are located 31.4 mm proxi-
mal to the lateral epicondyle [22]. The ITB slip 
was then tunneled underneath the lateral collateral 
ligament (LCL) and fixed within a 6-mm tunnel 
that is slightly proximal at the location of Kaplan’s 
fibers and posterior to the lateral femoral epicon-
dyle. The femoral tunnel for the modified LET 
tenodesis is drilled in a proximal and anterior 
direction. The exiting sutures from the ACL 
passed graft should be maintained to hold the 
ACL bone block location and to ensure that the 
femoral tunnel for the modified LET tenodesis is 
placed away and divergent from the ACL femoral 
tunnel. The graft was secured with a 6-mm bio-
composite screw with the knee flexed 40 degrees 
and slight internal rotation. Additionally, if there 
is any concern of convergence, fluoroscopy can 
confirm relative divergence from prior tunnels. If 
previously placed hardware from prior surgeries 
blocks passage of a pin or prevents a blind ending 
tunnel, the ITB tenodesis can certainly be fixed 
with a staple as well. Whatever the case, the ACL 
graft should always be visualized following place-

a b

Fig. 5.6 AP (a) and lateral (b) radiographs of the left knee show mild degenerative changes and minimal osteolysis. No 
metallic fixation was used
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ment of the modified LET graft to ensure integrity 
and proper tension.

 Summary

Revision ACL reconstruction is fraught with 
potential variables that can make the case daunt-
ing. However, with appropriate planning, revi-
sion ACL reconstruction can be straightforward. 
Making sure that you and the surgical team are 
prepared for the procedure and potential vari-
ables will optimize the quality of care for the 
patient. Hopefully, with proper planning, your 
next revision ACL reconstruction will be effec-
tive and simplified.
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Management of the Structurally 
Intact ACL with Residual Instability

Alexander Golant, Matthew Geswell, 
and Stephen J. Nicholas

 Diagnosis of Structurally Intact but 
Abnormally Lax ACL Graft

Firstly, it’s important to differentiate between 
laxity on exam and true symptomatic instability. 
Inadequate rehabilitation and lack of lower 
extremity neuromuscular control can result in 
symptoms of instability, even without any objec-
tive evidence of laxity after ACL reconstruction 
[1]. In contrast, some asymptomatic and fully 
functional patients may demonstrate positive 
exam findings of laxity on such tests as the 
Lachman, anterior drawer, pivot shift tests, and 
arthrometer measurements.

For patients who have exhausted rehabilitative 
measures and continue to exhibit symptomatic 
instability, a follow-up MRI must be obtained to 
assess integrity of the ACL graft and evaluate for 
other pathologies. In the setting of an intact graft, 
the following most common scenarios that can 
lead to residual instability must be considered:

 1. Proper graft position, but insufficient graft 
tension

 2. Improper graft position/orientation
 3. Unrecognized or unaddressed additional inju-

ries/conditions

Below, we discuss a step-by-step approach to 
recognizing and surgically addressing each of the 
above factors.

 Scenario 1: Properly Positioned Graft 
with Insufficient Tension

One potential cause of an unstable knee with a 
structurally intact ACL graft is laxity of the graft 
itself. Detailed physical examination and dedi-
cated imaging are important to rule out additional 
contributing factors (discussed below), such as 
erroneous tunnel placement, other ligamentous 
injuries, and malalignment. Arthroscopic evalua-
tion of the graft will reveal an intact graft in cor-
rect position/orientation, with abnormal laxity to 
probing (case 1, Fig. 6.2). In this case, the graft 
may be lax for the following reasons: (a) inade-
quate initial tension, (b) failure of rigid fixation, 
and (c) graft stretching over time.

 Inappropriate Intraoperative Tension
Inadequate initial intraoperative tension on an 
ACL graft may result from: (a) failure to pre- 
tension the graft prior to implantation, (b) failure 
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to place the knee into correct position during 
graft fixation, and (c) failure to apply adequate 
tension during graft fixation.

Pre-tensioning the graft is important in order to 
remove the creep (i.e., plastic deformation) prior 
to implantation. Biomechanical studies show that 
higher loads and longer application times leave the 
graft with higher residual tension and lower poten-
tial for stretching [2, 3]. In the clinical setting, 
application of 80–90 N load to the graft for a mini-
mum of 15 minutes is  recommended. Surgical tip: 
be sure to re-check and adjust the tension on the 

graft a few minutes after the initial load is applied – 
as plastic deformation occurs, the graft stretches 
slightly, and the tension experienced decreases.

For a single-bundle ACL reconstruction, the 
graft should be fixed with the knee in full exten-
sion, while a reverse Lachman force is applied 
[4]. Failure to apply this force may result in graft 
fixation with the tibia in the excessively anterior 
position (case 1, Fig. 6.1b).

Applying adequate force to the ACL graft dur-
ing fixation represents a balance between pre-
venting laxity and avoiding over-tightening, with 

Fig. 6.1 (a) Plain radiographs show neutral alignment and appropriate tunnel position. (b) MRI confirmed appropriate 
tunnel position/orientation and an intact graft, but also showed significant (8 mm) anterior tibial translation

a
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a minimum of 20 N of force recommended [5]. It 
is essential to verify appropriate graft tension at 
the conclusion of the case by checking knee sta-

bility manually via Lachman, anterior drawer, 
and pivot shift tests and by probing the graft 
under direct arthroscopic visualization.

b

Fig. 6.1 (continued)
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 Loss of Rigid Graft Fixation (i.e. Graft 
Slippage)
A wide variety of options for securing the ACL 
graft exist, broadly divided into the main types of 
aperture fixation and suspensory fixation. 
Aperture fixation at the intra-articular opening of 
the tunnel results in the shortest possible distance 
of the unfixed graft. Suspensory fixation leaves 
more of the graft unsecured, allowing a 
“windshield- wiper effect” and possible tunnel 
widening, which can theoretically allow the graft 
to shift into a suboptimal position, potentially 
producing graft laxity [6, 7]. Additionally, laxity 
can result when fixation mode itself fails, such as 
button pull through, adjustable loop lengthening, 
suture failure, and graft slippage past the interfer-
ence screw [8, 9].

 Graft Stretch
Due to intrinsic properties, some grafts are pre-
disposed to greater likelihood of stretching over 
time. Studies have shown higher risk of re- rupture 
with allografts than with autografts [9–11]; addi-
tionally, hamstring grafts are more likely to expe-
rience stretch than bone-patellar tendon-bone 
(BPTB) grafts are [8, 9]. Although differences in 
overall clinical outcomes are debatable, a number 
of studies have demonstrated greater anterior 
knee laxity with hamstring grafts, compared to 
that of BPTB grafts [12–14]. Chapter 5 focuses 
specifically on graft options for ACL revision 
reconstruction.

 Surgical Approach to a Properly 
Positioned Graft with Insufficient 
Tension

For a symptomatic patient with an ACL graft that 
is properly positioned but lax on clinical and 
arthroscopic examination, revision ACL recon-
struction is required, as there is currently no clin-
ically proven way to “tighten” such a graft in situ. 
In this situation, the surgeon must consider and 
address all possible contributing issues, discussed 
above, as follows (Table 6.1).

 1. If possible, choose a stiffer graft, with lower 
intrinsic likelihood of stretching. If an 
allograft was used at index surgery, an auto-
graft should be considered for revision. With a 
previously used hamstring, consider BPTB or 
quadriceps tendon (QT).

 2. Ensure appropriate graft tension during prep-
aration and implantation. Maintain the graft 

Table 6.1 Surgical tips and tricks

How to manage instability after ACLR with an intact 
graft
Why is the 
knee unstable? What to do How to do it
Graft is in 
good position 
but too lax
   Poorly 

tensioned
   Failed 

fixation
   Graft 

stretched

Revise the graft Use same tunnels/
sockets (if 
anatomically 
placed)
Use stiffer graft
Ensure maximal 
pre-tensioning of 
the graft
Ensure reverse 
Lachman during 
fixation
Use more rigid 
fixation (consider 
dual fixation on 
each side)

Poorly 
positioned 
graft
   Femoral 

tunnel too 
anterior

   Tibial tunnel 
too posterior

   Vertical graft

Option 1: Revise 
completely
Option 2: Add PL 
bundle (for 
rotational-only 
instability)
Option 3: Add 
ALL 
reconstruction

Identify anatomic 
locations for 
femoral and tibial 
tunnels
Ensure adequate 
bone stock for new 
tunnels or graft old 
tunnels to rebuild 
stock
Use outside-in or 
AM portal drilling 
and fluoroscopic 
imaging to avoid 
tunnel collisions

Additional 
pathology
   Varus 

deformity
   High 

posterior 
tibial slope

   PLC 
insufficiency

   Meniscal 
lesions

HTO
De-flexion 
osteotomy
PLC 
reconstruction
Meniscal repair 
or reconstruction

See respective 
chapters for details
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under at least 80–90N of tension for at least 
15 minutes prior to implantation, re-checking 
the tension every 4–5 minutes. While the graft 
is being secured, ensure full knee extension 
and a reverse Lachman force. Consider using 
a tensiometer to ensure adequate force appli-
cation at the time of graft fixation, and verify 
elimination of the Lachman, anterior drawer, 
and pivot shift tests afterwards.

 3. For securing the graft, choose implants that 
will ensure optimal tension and rigid fixation 
and have the least likelihood of any postoper-
ative slippage. Aperture fixation produces the 
shortest and stiffest grafts, while many cur-
rently used suspensory devices allow adding 
graft tension even after fixation is set. In a 
revision setting, consider employing two 
modes of fixation on either the femoral or 
tibial side or even on both sides. For example, 
you can secure the graft with a button-loop 
device on the femur and interference screw on 
the tibia, add tension as needed from the fem-
oral side, finalize femoral fixation by adding 
an interference screw, and back up tibial fixa-
tion by securing the graft sutures distally (to a 
post or an anchor).

 Scenario 2: Improperly Positioned 
Graft

If the graft has been malpositioned, residual knee 
laxity and instability may occur, even with a graft 
that’s properly tensioned, well fixed, and intrinsi-
cally stiff. Proper graft function depends on ana-
tomic tunnel position [15–17], and thus, 
erroneous tunnel placement, which is the most 
common technical error during ACL reconstruc-
tion [18], can result in a graft that is structurally 
intact but functionally insufficient (i.e., lax).

 Femoral Tunnel Too Anterior
A femoral tunnel placed too anteriorly has been 
found to be an important factor leading to graft 
failure, occurring in ~30% of revision ACL 
reconstructions [18]. A too anterior tunnel pro-
duces a graft that becomes excessively tight in 
flexion and loose in extension [19].

 Tibial Tunnel Too Posterior
The most common mistake of tibial tunnel place-
ment is a too posterior location, which has been 
shown to result in higher rates of rotational insta-
bility and worse subjective outcomes [20]. In 
contrast, a too-anteriorly placed tibial tunnel may 
cause graft impingement on the roof of the inter-
condylar notch in extension and may lead to loss 
of terminal extension [17].

 Vertical Graft
The classically described vertical graft can be 
stable in the anterior to posterior plane, but has a 
rotationally unstable component, as seen with a 
positive pivot shift phenomenon (case 2, Fig. 6.3). 
Vertical grafts can result from the femoral tunnel 
placed too anteriorly, the tibial tunnel placed too 
posteriorly, or a combination of the two [16, 18].

 Surgical Approach to an ACL Graft 
with Non-anatomic Tunnel 
Placement

Preoperative confirmation of suspected graft/
tunnel malposition as cause for residual laxity 
should be done with imaging, including plain 
radiographs (which can show too-anterior femo-
ral and/or too-posterior tibial tunnels), MRI 
(which can show an intact but vertically ori-
ented graft), and CT scan with 3D reconstruc-
tions (which can identify locations and 
orientation of the tunnels, measure tunnel wid-
ening, and assess availability of bone stock for 
revision reconstruction).

 Option 1: Graft Revision

If the structurally intact yet lax ACL graft is 
believed to be due to tunnel malposition, the most 
obvious solution is a revision ACL reconstruction 
with proper tunnel placement. For tunnels that 
are grossly malpositioned but not significantly 
widened, there may be enough “real estate” to 
place entirely new tunnels or sockets in proper 
anatomic locations. In other cases, convergence 
between new and old tunnels may be unavoid-

6 Management of the Structurally Intact ACL with Residual Instability



68

able – techniques to address this problem are dis-
cussed in detail in subsequent chapters.

 Option 2: Graft Augmentation

Some vertically oriented grafts provide adequate 
anterior-posterior stability, but lack rotational 
stability, resulting in patient complaints of the 
knee giving out – particularly with pivoting and 
cutting movements. A careful examination dem-
onstrates negative or grade 1A Lachman and 
anterior drawer tests, with a positive pivot shift. 
Imaging and arthroscopic exam confirm a graft 
that is well-positioned in the sagittal plane, but is 
too vertical in the coronal plane, thereby ade-
quately replicating the anteromedial (AM) bun-
dle of the ACL, but not the posterolateral (PL) 
bundle. In this scenario, especially if the graft 
appears well-vascularized and incorporated, it is 
reasonable to consider augmentation with a 
small-size graft to replicate the PL bundle, serv-
ing to add rotational stability to an already anteri-
orly stable knee [21].

To add a PL bundle to an existing vertical 
graft, a similar technique as used to perform 
selective bundle reconstruction for partial ACL 
tears with an intact AM bundle should be used. A 
5–7-mm diameter graft is sufficient, as larger 
grafts may cause impingement; a doubled semi-
tendinosus graft readily serves this purpose.

To ensure adequate rotational stability is 
restored, it is essential to respect anatomic foot-
prints of the PL bundle on the femur and tibia. On 
the femoral side, the PL bundle inserts distal to 
the AM bundle, typically just inferior to the bifur-
cate ridge [22]. Outside-in or AM portal drilling 
can both be used to place a femoral socket in this 
location, avoiding convergence with the existing 
femoral tunnel; fluoroscopy can be used intraop-
eratively to verify guide-wire position prior to 
reaming.

On the tibial side, the insertion of the PL bun-
dle is located about 10 mm posterolateral to the 
center of the AM bundle [22], just medial to the 
lateral tibial spine. Compared to the typical angle 
of the tibial tunnel seen in cases with vertical 
grafts (which is usually about 20–30 degrees in 

the coronal plate), the angle of the guide-wire 
when adding the PL bundle reconstruction should 
be about 20–30 degrees more oblique (i.e., about 
40–60 degrees in the coronal plane). The graft 
should be secured with the knee in 60–70 degrees 
of flexion and slight external rotation, with a pos-
terior drawer force applied.

An additional consideration for intact grafts 
with lack of rotational stability (with adequate 
anterior stability) is the integrity of the anterolat-
eral ligament (ALL) [23]. For patients with this 
complaint, if the graft appears to be appropriately 
oriented, secured, and taught to arthroscopic pal-
pation, consideration can be given to adding ALL 
reconstruction, which will be discussed sepa-
rately in Chap. 18.

 Scenario 3: Unrecognized or 
Unaddressed Additional Injuries/
Conditions

ACL tears occur frequently in conjunction with 
other pathologies, including meniscal tears, inju-
ries to other ligaments, lower extremity coronal 
malalignment, and/or abnormal tibial slope. 
Failure to recognize and address these issues can 
result in excessive stress on the ACL graft, lead-
ing to graft stretching and laxity, clinical instabil-
ity, and even graft failure. When encountering a 
knee with an intact ACL graft and persistent lax-
ity, it is important for the surgeon to perform a 
thorough workup to identify the aforementioned 
potential contributing factors and plan accord-
ingly when considering surgical intervention.

 Coronal Plane Malalignment
Significant deviations from a normal mechanical 
axis impart abnormal forces to the knee joint and 
can contribute to failure of an ACL reconstruc-
tion. Varus malalignment, in particular, has been 
noted in greater proportion of ACL revision cases 
compared to successful index reconstructions 
[24–26] and is typically managed with a valgus- 
producing high tibial osteotomy (HTO), which 
can be done with a medial opening or lateral clos-
ing wedge technique [27, 28]. By correcting 
alignment, HTO can help normalize knee kine-
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matics, allowing the ACL to function appropri-
ately without excessive stress [29]. Both 
single-stage and two-stage approaches have been 
proposed for treating a knee with a failed ACL 
reconstruction and deformity. In the setting of an 
intact graft with clinical instability, we feel it best 
to choose a two-stage approach, as correction of 
varus deformity (especially if combined with 
tibial slope decrease) may provide enough stabil-
ity improvement to obviate the need for graft 
revision. Details of managing coronal plane 
deformity are discussed in Chap. 15.

 Sagittal Plane Malalignment
Excessively high posterior tibial slope (PTS) 
increases anterior translation of the tibia in 
weight-bearing and has been established as an 
independent predictor of ACL reconstruction 
failure [30, 31]. It’s been reported that a PTS of 
greater than 12 degrees significantly increases 
the risk of ACL graft failure [32, 33], whereas 
biomechanical studies have confirmed that slope- 
reducing osteotomies decrease ACL graft forces 
and anterior tibial translation under axial load 
[34]. A number of clinical studies have shown 
successful outcomes with ACL revision recon-
struction combined with tibial osteotomies that 
corrected excessive PTS [35, 36]. Sagittal plane 
deformity is further discussed in Chap. 16.

 Additional Ligamentous Injury 
and Meniscal Deficiency
The most common additional ligamentous insuf-
ficiency that contributes to failure of ACL recon-
struction is that of the posterolateral corner (PLC) 
[37]. Careful clinical examination is paramount 
in identifying this when preparing for ACL revi-
sion, as PLC structures may appear intact on 
imaging, but nevertheless exhibit laxity, espe-
cially when the original trauma is chronologi-
cally remote. Both isolated PLC reconstruction 
and those combined with ACL graft revision may 
be used to address persistent instability in cases 
of an intact ACL graft with residual instability. 
Management of the posterolateral corner as part 
of ACL revision reconstruction is discussed in 
detail in Chap. 14.

Finally, meniscal deficiency and certain 
meniscocapsular lesions have been shown to con-
tribute to increased laxity both in ACL-deficient 
and ACL-reconstructed knees, leading to 
increased anterior translation and rotation [38–
41]. Management of these lesions is discussed in 
Chaps. 19 and 20.

 Summary

Not uncommonly, a patient may present with a 
clinically failed (i.e., unstable) ACL reconstruc-
tion, despite imaging findings of an intact graft. 
It is the surgeon’s job to perform a meticulous 
evaluation, using detailed history, thorough 
physical examination, advanced imaging, and 
sometimes examination under anesthesia, 
including arthroscopy, to determine the cause for 
this instability. Dividing the potential causes into 
three main groups, as described in this chapter, 
can be helpful to determine the best surgical 
approach. Grafts that are well positioned may be 
lax due to failure of fixation, insufficient initial 
tension, or graft stretching; this scenario requires 
a revision with a stiffer graft, more rigid fixation, 
and appropriate intraoperative graft tensioning. 
Malpositioned grafts usually need to be revised 
with creation of tunnels in anatomic locations, 
although in some cases, an isolated posterolat-
eral bundle reconstruction can add rotational sta-
bility to an existing graft that demonstrates 
adequate anterior stability. Finally, other issues 
that contribute to knee laxity must be sought out 
and addressed, including varus malalignment, 
high posterior tibial slope, additional ligamen-
tous injuries, and meniscal deficiency.

Additionally, a surgeon must remember that, 
from a psychological standpoint, when imaging 
shows an intact graft, it can be difficult to con-
vince a patient that revision surgery is necessary 
and that they will need to go through an extensive 
period of convalescence and rehabilitation all 
over again. It is, therefore, crucial to engage the 
patient as an active participant in decision- 
making, to recognize and acknowledge their 
goals and expectations, to explain in detail the 

6 Management of the Structurally Intact ACL with Residual Instability



70

issues that are contributing to their instability, 
and to ensure appropriate rehabilitation prior to 
any repeat surgical intervention.

Case 1
Patient is an 18-year-old collegiate volleyball 
player who presented 1 year after BTB autograft 
ACL reconstruction with a medial meniscus 
repair, complaining of knee pain, mechanical 
symptoms, and intermittent buckling. She com-
pleted a full course of rehabilitation, including a 
return-to-play protocol with her athletic trainer, 
and resumed training, but was unable to wean 
from the brace for athletic participation and did 
not feel ready to return to competition. Clinical 
examination demonstrated a normal gait, neutral 
lower extremity alignment, full range of motion 
with pain and clicking, tenderness over the medial 
joint line, and normal strength. Stability examina-
tion showed 1B Lachman and anterior drawer 
tests, while a pivot shift could not be properly 
assessed due to guarding. The PCL, collateral 
ligaments, and corners were stable. Imaging 
showed neutral alignment, good tunnel positions 
on X-rays (Fig. 6.1), and intact graft in a proper 
orientation, but with significant anterior tibial 
translation on MRI (Fig. 6.1b), indicating laxity. 
Considering these findings, ACL laxity and symp-
toms of instability were thought to be due to either 
insufficient initial graft tension (at the time of 
index surgery) or subsequent graft stretching.

Due to failure of conservative management 
and significant limitations on her athletic partici-
pation, patient was indicated for and elected to 
proceed with a revision ACL reconstruction. 
Exam under anesthesia confirmed isolated ACL 
laxity, with positive Lachman, anterior drawer, 
and pivot shift tests. Arthroscopy examination 
showed an intact graft that exhibited significant 
laxity to probing and anterior tibial translation 
(Fig. 6.2). Graft orientation and tunnel positions 
were confirmed to be acceptable. Revision to a 
quadrupled hamstring autograft was then per-
formed. After the semitendinosus and gracilis 
tendons were harvested and whipstitched, they 

were pretensioned at 80–90N for 20–30 minutes. 
For graft placement, we were able to utilize the 
same tunnel positions, as the tunnels were well 
healed from previous BTB graft plugs (Fig. 6.2). 
The graft was secured to the femur with an 
adjustable button-loop device. The knee was 
cycled 20 times and placed into full extension, 
reverse Lachman force was applied to ensure 
reduction of the tibia posteriorly, and, while 
applying maximal manual force to the graft, an 
interference screw was placed into the tibial tun-
nel. The knee was cycled again, and the graft 
was re-tensioned from the femoral side. Excellent 
graft tension was observed on direct probing 
(Fig.  6.2) and on stability testing. To decrease 
the risk slippage, we also secured the distal graft 
sutures over a post and tied the tensioning sutures 
on the femoral side.

Patient recovered well, returning to full com-
petition 1 year postoperatively. Her last clinical 
examination showed no more than 1A Lachman 
and anterior drawer and a negative pivot shift. 
She did not complain of any instability sensation 
or buckling.

Case 2
Patient is a 55-year-old active male who initially 
injured his knee playing softball and underwent 
an ACL reconstruction with allograft at an out-
side institution. He began having recurrent 
symptoms of instability shortly after weaning 
from the postoperative brace, and despite exten-
sive rehabilitation, this did not improve. On 
exam, his gait was normal, and range of motion 
and strength were full; however, stability exami-
nation demonstrated a 2A Lachman, 1A anterior 
drawer, and a positive pivot shift with a glide. 
Imaging with plain radiographs (Fig. 6.3) and an 
MRI (Fig. 6.3b) demonstrated an intact graft in a 
vertical orientation, largely due to an excessively 
posterior tibial tunnel position. Due to the 
patient’s persistent symptoms, evidence of insta-
bility on exam, and imaging findings of a verti-
cally oriented graft, a decision was made to 
proceed with revision surgery. Given the patient’s 
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Fig. 6.2 Arthroscopic pictures show an intact graft with significant laxity. The femoral tunnel can be drilled “fresh,” as 
the previous bone plug healed fully. The final graft demonstrated appropriate position and tension

age and activity level, an allograft was selected. 
Intraoperatively, the previous graft was resected, 
and completely separate tunnels were drilled 
(Fig.  6.4), allowing appropriate orientation of 
the new graft. Secure fixation was obtained on 
the femoral side with an adjustable button-loop 
construct, and on the tibial side with an interfer-

ence screw in the tunnel, backed up by a staple 
over the distal tail of the graft. At his 1-year fol-
low-up, the patient reported no instability and 
had a  negative Lachman, anterior drawer, and 
pivot shift tests on exam, and imaging showed 
appropriate graft orientation and tunnel position 
(Fig. 6.5).
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a

b

Fig. 6.3 (a) Plain radiographs suggest a vertical orientation of the graft, primarily due to a very posterior position of 
the tibial tunnel. (b) MRI confirms vertical orientation of the graft and shows that it is structurally intact
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Fig. 6.4 Intraoperative arthroscopy pictures and photo-
graphs (left knee). Note the more posterior location of the 
new femoral tunnel, the more anterior location of the tib-

ial tunnel (metallic suction tip is in the old tunnel), and the 
proper oblique orientation of the final graft

6 Management of the Structurally Intact ACL with Residual Instability



74

References

 1. Risberg MA, Holm I, Myklebust G, Engebretsen 
L.  Neuromuscular training versus strength training 
during first 6 months after anterior cruciate ligament 
reconstruction: a randomized clinical trial. Phys Ther. 
2007;87(6):737–50.

 2. Pilia M, Murray M, Guda T, Heckman M, Appleford 
M.  Pretensioning of soft tissue grafts in anterior 

cruciate ligament reconstruction. Orthopedics. 
2015;38(7):e582–7.

 3. Lockwood WC, Marchetti DC, Dahl KD, Mikula 
JD, Williams BT, Kheir MM, Turnbull TL, LaPrade 
RF.  High-load preconditioning of human soft tis-
sue hamstring grafts: an in  vitro biomechanical 
analysis. Knee Surg Sports Traumatol Arthrosc. 
2017;25(1):138–43.

 4. Gertel TH, Lew WD, Lewis JL, Stewart NJ, Hunter 
RE. Effect of anterior cruciate ligament graft tension-

a

b

Fig. 6.5 (a) One-year postoperative X-rays show proper 
tunnel position. Note the anterior location of the new tib-
ial tunnel, relative to the old one. (b) One-year postopera-

tive MRI shows appropriate orientation of the graft and 
confirms absence of tunnel convergence

A. Golant et al.



75

ing direction, magnitude, and flexion angle on knee 
biomechanics. Am J Sports Med. 1993;21(4):572–81.

 5. Van Kampen A.  The effect of different graft ten-
sioning in anterior cruciate ligament  reconstruction: 
a prospective randomized study. Arthroscopy. 
1998;14(8):845–50.

 6. Brown CH Jr, Wilson DR, Hecker AT, Ferragamo 
M.  Graft-bone motion and tensile properties of 
hamstring and patellar tendon anterior cruciate liga-
ment femoral graft fixation under cyclic loading. 
Arthroscopy. 2004;20(9):922–35.

 7. Kamelger FS, Onder U, Schmoelz W, Tecklenburg 
K, Arora R, Fink C.  Suspensory fixation of grafts 
in anterior cruciate ligament reconstruction: a bio-
mechanical comparison of 3 implants. Arthroscopy. 
2009;25(7):767–76.

 8. Steiner ME, Hecker AT, Brown CH Jr, Hayes 
WC. Anterior cruciate ligament graft fixation: com-
parison of hamstring and patellar tendon grafts. Am J 
Sports Med. 1994;22(2):240–7.

 9. Maletis GB, Inacio MC, Desmond JL, Funahashi 
TT. Reconstruction of the anterior cruciate ligament: 
association of graft choice with increased risk of early 
revision. Bone Joint J. 2013;95(5):623–8.

 10. Mars Group. Effect of graft choice on the outcome of 
revision anterior cruciate ligament reconstruction in 
the Multicenter ACL Revision Study (MARS) Cohort. 
Am J Sports Med. 2014;42(10):2301–10.

 11. Magnussen RA, Taylor DC, Toth AP, Garrett 
WE.  ACL graft failure location differs between 
allografts and autografts. Sports Med Arthrosc 
Rehabil Ther Technol. 2012;4(1):1–6.

 12. Cristiani R, Sarakatsianos V, Engström B, Samuelsson 
K, Forssblad M, Stålman A. Increased knee laxity with 
hamstring tendon autograft compared to patellar ten-
don autograft: a cohort study of 5462 patients with pri-
mary anterior cruciate ligament reconstruction. Knee 
Surg Sports Traumatol Arthrosc. 2019;27(2):381–8.

 13. Beynnon BD, Johnson RJ, Fleming BC, Kannus P, 
Kaplan M, Samani J, Renström P. Anterior cruciate 
ligament replacement: comparison of bone- patellar 
tendon-bone grafts with two-strand hamstring 
grafts: a prospective, randomized study. JBJS. 
2002;84(9):1503–13.

 14. Freedman KB, D'Amato MJ, Nedeff DD, Kaz A, 
Bach BR.  Arthroscopic anterior cruciate ligament 
reconstruction: a metaanalysis comparing patellar 
tendon and hamstring tendon autografts. Am J Sports 
Med. 2003;31(1):2–11.

 15. Burnham JM, Malempati CS, Carpiaux A, Ireland 
ML, Johnson DL. Anatomic femoral and tibial tunnel 
placement during anterior cruciate ligament recon-
struction: anteromedial portal all-inside and outside-
 in techniques. Arthrosc Tech. 2017;6(2):e275–82.

 16. Rupp S, Müller B, Seil R.  Knee laxity after ACL 
reconstruction with a BPTB graft. Knee Surg Sports 
Traumatol Arthrosc. 2001;9(2):72–6.

 17. Chhabra A, Diduch DR, Blessey PB, Miller 
MD. Recreating an acceptable angle of the tibial tun-
nel in the coronal plane in anterior cruciate ligament 

reconstruction using external landmarks. Arthroscopy. 
2004;20(3):328–30.

 18. Morgan JA, Dahm D, Levy B, Stuart MJ, MARS 
Study Group. Femoral tunnel malposition in ACL 
revision reconstruction. J Knee Surg. 2012;25(5):361.

 19. Zavras TD, Race A, Bull AM, Amis AA. A compara-
tive study of’isometric’points for anterior cruciate lig-
ament graft attachment. Knee Surg Sports Traumatol 
Arthrosc. 2001;9(1):28–33.

 20. Inderhaug E, Strand T, Fischer-Bredenbeck C, 
Solheim E. Effect of a too posterior placement of the 
tibial tunnel on the outcome 10–12 years after anterior 
cruciate ligament reconstruction using the 70-degree 
tibial guide. Knee Surg Sports Traumatol Arthrosc. 
2014;22(5):1182–9.

 21. Chhabra A, Starman JS, Ferretti M, Vidal AF, Zantop 
T, Fu FH.  Anatomic, radiographic, biomechani-
cal, and kinematic evaluation of the anterior cruci-
ate ligament and its two functional bundles. JBJS. 
2006;88(suppl_4):2–10.

 22. Ziegler CG, Pietrini SD, Westerhaus BD, Anderson 
CJ, Wijdicks CA, Johansen S, Engebretsen L, LaPrade 
RF.  Arthroscopically pertinent landmarks for tunnel 
positioning in single-bundle and double-bundle ante-
rior cruciate ligament reconstructions. Am J Sports 
Med. 2011;39(4):743–52.

 23. Helito CP, Camargo DB, Sobrado MF, Bonadio 
MB, Giglio PN, Pécora JR, Camanho GL, Demange 
MK.  Combined reconstruction of the anterolateral 
ligament in chronic ACL injuries leads to better clini-
cal outcomes than isolated ACL reconstruction. Knee 
Surg Sports Traumatol Arthrosc. 2018;26(12):3652–9.

 24. Won HH, Chang CB, Je MS, Chang MJ, Kim 
TK. Coronal limb alignment and indications for high 
tibial osteotomy in patients undergoing revision ACL 
reconstruction. Clinical Orthopaedics and Related 
Research®. 2013;471(11):3504–11.

 25. Jan van de Pol G, Arnold MP, Verdonschot N, van 
Kampen A. Varus alignment leads to increased forces 
in the anterior cruciate ligament. Am J Sports Med. 
2009;37(3):481–7.

 26. Hinckel BB, Demange MK, Gobbi RG, Ricardo 
J, Camanho GL.  The effect of mechanical varus on 
anterior cruciate ligament and lateral collateral liga-
ment stress: finite element analyses. Orthopedics. 
2016;39(4):e729–36.

 27. Zaffagnini S, Bonanzinga T, Grassi A, Muccioli GM, 
Musiani C, Raggi F, Iacono F, Vaccari V, Marcacci 
M. Combined ACL reconstruction and closing-wedge 
HTO for varus angulated ACL-deficient knees. Knee 
Surg Sports Traumatol Arthrosc. 2013;21(4):934–41.

 28. Klek M, Dhawan A. The role of high Tibial osteotomy 
in ACL reconstruction in knees with coronal and sag-
ittal plane deformity. Curr Rev Musculoskelet Med. 
2019;12(4):466–71.

 29. Noyes FR, Barber SD, Simon R.  High tibial oste-
otomy and ligament reconstruction in varus angu-
lated, anterior cruciate ligament-deficient knees: a 
two-to seven-year follow-up study. Am J Sports Med. 
1993;21(1):2–12.

6 Management of the Structurally Intact ACL with Residual Instability



76

 30. Bernhardson AS, Aman ZS, Dornan GJ, Kemler 
BR, Storaci HW, Brady AW, Nakama GY, LaPrade 
RF. Tibial slope and its effect on force in anterior cru-
ciate ligament grafts: anterior cruciate ligament force 
increases linearly as posterior tibial slope increases. 
Am J Sports Med. 2019;47(2):296–302.

 31. Arun GR, Kumaraswamy V, Rajan D, Vinodh K, 
Singh AK, Kumar P, Chandrasekaran K, Santosh S, 
Kishore C. Long-term follow up of single-stage ante-
rior cruciate ligament reconstruction and high tibial 
osteotomy and its relation with posterior tibial slope. 
Arch Orthop Trauma Surg. 2016;136(4):505–11.

 32. Webb JM, Salmon LJ, Leclerc E, Pinczewski LA, 
Roe JP.  Posterior tibial slope and further anterior 
cruciate ligament injuries in the anterior cruciate 
ligament–reconstructed patient. Am J Sports Med. 
2013;41(12):2800–4.

 33. Lee CC, Youm YS, Do Cho S, Jung SH, Bae MH, Park 
SJ, Kim HW. Does posterior tibial slope affect graft 
rupture following anterior cruciate ligament recon-
struction? Arthroscopy. 2018;34(7):2152–5.

 34. Imhoff FB, Mehl J, Comer BJ, Obopilwe E, Cote 
MP, Feucht MJ, Wylie JD, Imhoff AB, Arciero RA, 
Beitzel K. Slope-reducing tibial osteotomy decreases 
ACL-graft forces and anterior tibial translation under 
axial load. Knee Surg Sports Traumatol Arthrosc. 
2019;27(10):3381–9.

 35. Schuster P, Geßlein M, Schlumberger M, Mayer P, 
Richter J. The influence of tibial slope on the graft in 
combined high tibial osteotomy and anterior cruciate 
ligament reconstruction. Knee. 2018;25(4):682–91.

 36. Dejour D, Saffarini M, Demey G, Baverel L. Tibial 
slope correction combined with second revision 

ACL produces good knee stability and prevents 
graft rupture. Knee Surg Sports Traumatol Arthrosc. 
2015;23(10):2846–52.

 37. Kim SJ, Choi DH, Hwang BY.  The influence of 
posterolateral rotatory instability on ACL recon-
struction: comparison between isolated ACL 
reconstruction and ACL reconstruction combined 
with posterolateral corner reconstruction. JBJS. 
2012;94(3):253–9.

 38. Stephen JM, Halewood C, Kittl C, Bollen SR, 
Williams A, Amis AA.  Posteromedial meniscocap-
sular lesions increase tibiofemoral joint laxity with 
anterior cruciate ligament deficiency, and their repair 
reduces laxity. Am J Sports Med. 2016;44(2):400–8.

 39. DePhillipo NN, Moatshe G, Brady A, Chahla J, 
Aman ZS, Dornan GJ, Nakama GY, Engebretsen L, 
LaPrade RF. Effect of meniscocapsular and menisco-
tibial lesions in ACL-deficient and ACL-reconstructed 
knees: a biomechanical study. Am J Sports Med. 
2018;46(10):2422–31.

 40. Cristiani R, Rönnblad E, Engström B, Forssblad M, 
Stålman A. Medial meniscus resection increases and 
medial meniscus repair preserves anterior knee laxity: 
a cohort study of 4497 patients with primary anterior 
cruciate ligament reconstruction. Am J Sports Med. 
2018;46(2):357–62.

 41. Grassi A, Macchiarola L, Urrizola Barrientos F, Zicaro 
JP, Costa Paz M, Adravanti P, Dini F, Zaffagnini 
S.  Steep posterior tibial slope, anterior tibial sub-
luxation, deep posterior lateral femoral condyle, and 
meniscal deficiency are common findings in multiple 
anterior cruciate ligament failures: an MRI case- 
control study. Am J Sports Med. 2019;47(2):285–95.

A. Golant et al.



77© Springer Nature Switzerland AG 2022 
M. J. Alaia, K. J. Jones (eds.), Revision Anterior Cruciate Ligament Reconstruction, 
https://doi.org/10.1007/978-3-030-96996-7_7

Management of Osteolysis 
in Revision ACL: The Role 
of Single- Stage Reconstruction

Courtney A. Quinn, F. Winston Gwathmey, 
and Mark D. Miller

 Introduction

Planning for revision anterior cruciate ligament 
(ACL) reconstruction involves consideration of 
numerous factors to determine the best method 
and timing for surgery, as certain variables can 
dictate whether a one- or a two-stage revision is 
optimal. Performing an ACL revision in a single- 
stage operation is preferable for many reasons. 
With a single procedure, the patient is subjected 
to only one surgery, which has decreased patient 
morbidity, healthcare costs, and missed work or 
school. Single-stage revisions allow for faster 
overall rehabilitation and return to sport. 
Additionally, delaying definitive ACL recon-
struction increases the risk of chondral and 
meniscal damage to the knee that may be sus-
tained in the ACL-deficient waiting period 
between the first and second stages [1, 2].

A major factor that dictates the timeline for 
ACL revision surgery is the degree of widening 
and the position of the femoral and tibial tunnels 
made during the index procedure. Tunnel widen-
ing, also known as tunnel osteolysis, is a com-

mon radiographic and anatomic entity. The 
clinical implications of tunnel widening on ACL 
outcomes are largely unknown; there is no clear 
indication that osteolysis of tunnels is associated 
with increased graft failure rates or worse patient- 
reported outcomes [3, 4]. Nevertheless, tunnel 
osteolysis can present a challenging problem in 
revision ACL surgery.

The etiology of tunnel widening is not well 
understood, but it is postulated to be due to 
mechanical and/or biologic causes. Mechanical 
concerns are micromotion of the graft within the 
tunnel (“windshield wipering”), stress shielding 
on the graft, and possibly accelerated rehabilita-
tion protocols [5]. Suspensory fixation is associ-
ated with increased rates of tunnel widening [6]. 
Graft choice is also a factor, as allograft tissue 
causes higher rates of osteolysis than autograft 
[7]. Additionally, hamstring grafts have been 
shown to be more associated with tunnel osteoly-
sis than bone-patellar tendon-bone grafts [8–10].

Graft micromotion may draw synovial fluid into 
the tunnel resulting in a high-pressure gradient 
against the walls, in a so-called bungee cord effect 
[8]. From a biologic standpoint, synovial fluid 
entrapment and increased inflammatory response 
within the tunnel may also increase tunnel diameter 
[7]. Recently, investigators have suggested that 
subclinical bacterial colonization is common in 
patients undergoing revision ACL surgery and is 
associated with tunnel osteolysis [11], although 
more studies are needed to further elucidate this.
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The process of osteolysis is believed to be first 
appreciated radiographically around 6  months 
from the index surgery and typically does not 
progress beyond 2 years postoperatively [5, 12]. 
The morphology of tunnel expansion can be 
 categorized as linear, cavitary, mushroom, and 
cone [3] (Fig. 7.1).

 Assessment of Tunnel Osteolysis

Typically, plain radiography is used to gauge the 
degree of osteolysis and can produce accurate 
measurements [13], although computed tomogra-
phy (CT) provides more reproducible and reli-
able measurements of tunnel width and shape 

a b

c d

Fig. 7.1 Types of tunnel osteolysis morphology, as described by Klein et al. [3]. (a) Linear, (b) cavitary, (c) mushroom, 
(d) cone
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and can also better illustrate tunnel position [14, 
15]. Magnetic resonance imaging (MRI) is infe-
rior to plain radiography and CT in determining 
tunnel anatomy and should not be used in 
 isolation when planning for revision surgery if 
tunnel widening is suspected.

A CT scan is recommended for preoperative 
planning in revision ACL surgeries when there is 
concern for tunnel osteolysis or atypical tunnel 
morphology. Femoral and tibial tunnel diameter 
should be measured at the widest visualized diam-
eter on the axial, coronal, and sagittal planes, as 
seen in Fig. 7.2. There is no concrete consensus in 
the literature on what degree of osteolysis consti-
tutes a two-stage surgery, but it is generally agreed 
upon that if tunnel widening is less than 14 mm, a 
single-stage revision can be accomplished [2, 16, 
17]. Measurements ≥15 mm are consistent with 
significant tunnel osteolysis. With such a degree 
of widening, it is recommended that a two-stage 
revision approach be pursued [18–20]. In these 
circumstances, the tunnels can be prepared and 
filled with bone graft or other bone substitutes 
during the first procedure, with the revision ACL 
reconstruction performed in a delayed fashion. 
Please refer to Chap. 9 on indications and tech-
niques for two-stage revision reconstruction.

 Tunnel Positioning and Osteolysis

Proper tunnel positioning is vital to ACL recon-
struction. The principles of tunnel positioning 

and evaluation of prior tunnel placement are 
described in detail in Chaps. 3, 10, and 11. 
Tunnel osteolysis complicates revision ACL sur-
gery by adding a degree of difficulty to achiev-
ing anatomic tunnel placement. Prior tunnel 
positioning can be generally classified into three 
subtypes [21]:

 1. Anatomic: current tunnel is in the anatomic 
position.

 2. Completely nonanatomic: the tunnel is 
entirely out of the way of where the new ana-
tomic tunnel would be placed, so that the new 
tunnel could be drilled without any overlap 
with the prior tunnel.

 3. Incompletely nonanatomic: the current tunnel 
overlaps with where the new tunnel would 
ideally be placed.

Anatomic tunnels or completely nonanatomic 
tunnels can be relatively straightforward to 
address. The management of incompletely ana-
tomic tunnels often provides the greatest chal-
lenge in revision ACL surgery if performed in a 
single-stage, as there are multiple goals of sur-
gery that can be conflicting: filling the bony 
defect, achieving anatomic new tunnel place-
ment, obtaining adequate graft fixation, and 
ensuring a proper structural and biologic environ-
ment for graft incorporation. We will discuss spe-
cific techniques for how to address osteolysis in 
the setting of these different tunnel positions dur-
ing a single-stage revision procedure.

Fig. 7.2 Computed tomography scan with tibial tunnel width measurements made at the tunnel’s widest diameter in all 
three axes (axial, coronal, and sagittal)

7 Management of Osteolysis in Revision ACL: The Role of Single-Stage Reconstruction
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 Techniques

Prior to surgery, a thorough evaluation of the pre-
vious operative reports is imperative to under-
stand which implants were used and how they 
were applied, as well as to ensure that the implant 
extraction devices are readily available. Either 
supine or hemilithotomy positioning can be used, 
though supine positioning has the advantage of 
access to the iliac crest for autograft, if desired. A 
radiolucent table and intraoperative fluoroscopy 
can be useful for hardware removal and confir-
mation of tunnel positioning. As is always done, 
a complete physical examination of both knees is 
conducted prior to draping.

If the previously made portals are in subopti-
mal positions, new portals should be made while 
avoiding narrow skin bridges. Diagnostic arthros-
copy is performed to evaluate for other intra- 
articular pathology, including chondral damage, 
meniscal tears, and loose bodies, which should be 
addressed concurrently. Typically, addressing 
concomitant chondral or meniscal injuries is tech-
nically easier while the ACL is absent, so per-
forming these portions of the procedure prior to 
ACL fixation is recommended. After debridement 
of the prior ACL stump, and exposure of the ana-
tomic footprints, a limited notchplasty can be per-
formed in patients with notch overgrowth, though 
the contribution of this step is debated [22].

 Anatomic Tunnels

If the prior tunnels are in anatomic positions and 
there is less than 14  mm of tunnel widening, 
then a single-stage procedure can be considered. 
Hardware within the tunnels is removed. If there 
is asymptomatic backup fixation that was placed 
outside the tunnel trajectory during the primary 
reconstruction, this hardware can be left in 
place. Only hardware that interferes with new 
graft passage and fixation need be removed.

With hardware removed, the tunnels can be re- 
cannulated. On the femoral side, a guidewire can 
be advanced into the tunnel using an offset guide 
or freehand, depending on surgeon preference. 
Whether using a rigid or a flexible reaming sys-

tem, drilling the femoral tunnel in >90 degrees of 
flexion can improve the surgeon’s ability to cre-
ate an appropriately posterior and oblique tunnel. 
In the cases of prior soft tissue graft and osteoly-
sis, this guide pin generally advances with ease. 
Use of intraoperative fluoroscopy will confirm 
placement of the guide pin centrally within the 
tunnel on both the AP and lateral views.

For the tibial tunnel, a standard ACL tibial 
tunnel guide can be used to target the intra- 
articular footprint. Depending on the prior graft 
type and hardware used and on the time since the 
index surgery, it can sometimes be difficult to 
locate the tunnel opening on the anteromedial 
tibial cortex. Fluoroscopy can be useful here to 
aid in localizing the tunnel opening, as well as to 
confirm central placement of the pin within the 
tunnel once cannulated.

The tunnels are then reamed sequentially to 
remove residual graft material and sclerotic bone, 
which is necessary for incorporation of the new 
graft. In cases of unexplained or severe osteoly-
sis, the tunnel material should be cultured to rule 
out indolent infection. The goal of reaming is to 
achieve circumferential bony margins in the tun-
nel, as confirmed with direct arthroscopic visual-
ization up the tunnel in Fig. 7.3. If the standard 
ACL reamers are not wide enough to achieve this 
goal, the intramedullary reamer set can be used.

Fig. 7.3 Arthroscopic view up a reamed tibial tunnel 
with circumferential bony margins
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Once reaming is complete, the new graft can 
be passed in the standard fashion. Graft options 
are discussed in Chap. 5. In situations in which 
the resulting tunnel diameter is several millime-
ters larger than the graft diameter, the difference 
can be accounted for with one of the several 
techniques. If planning to use a bone-patellar 
tendon- bone or quadriceps tendon autograft, a 
slightly larger than normal graft can be har-
vested, such as 11-mm or 12-mm diameter. This 
is a straightforward way to account for tunnel 
widening and provides the best biologic fixa-
tion, but comes at the cost of increased donor 
site morbidity and possible fracture risk. A 
larger than typical interference screw can be uti-
lized to obtain adequate graft compression. 
Stacking interference screws has been used his-
torically [23], but may increase the risk of graft 
compromise and is biomechanically less stable 
[24, 25] (Fig.  7.4). Bone graft can also be 
impacted around the graft in the tunnel prior to 
fixation. Bone graft can be autograft (usually 
iliac crest or proximal tibia) or allograft. 
Allograft can be in the form loose cancellous 
chips, thin “matchsticks”, or as cylindrical bul-
lets [26], as depicted in Fig. 7.5. Once the tunnel 

Fig. 7.4 Schematic demonstrating stacking interference 
screws. Converging or adjacent tunnels can be effectively 
narrowed by keeping prior or placing new interference 
screws in nonanatomic tunnels

Fig. 7.5 Schematic demonstrating bone graft impaction into widened tunnels after graft passage. (Redrawn from: Ra 
et al. [37])
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Fig. 7.6 A new tunnel is drilled in a divergent trajectory 
from the prior tunnel (*) while maintaining the same foot-
print intra-articularly

is filled around the ACL graft, the graft can be 
fixed. Interference fixation is generally pre-
ferred when possible due to lower rates of oste-
olysis, but suspensory or cortical fixation is also 
an appropriate option.

Another technique for single-stage revision in 
which the prior tunnel is anatomic is a divergent 
tunnel or funnel technique [27]. With this tech-
nique, the tunnel intra-articular aperture at the 
footprint is maintained, but the new tunnel direc-
tion is changed, so as to be divergent from the 
prior tunnel. Therefore, the tunnels only overlap 
at the ACL footprint (See Fig.  7.6). With this 
technique, it is important for patients to have 
robust bone quality, as the segment of bone 
between the two tunnels is generally narrow and 
there is a risk of tunnel perforation and, therefore, 
loss of graft fixation, if the bone bridge is weak. 
To avoid tunnel collapse, the former tunnel can 
be bone grafted prior to drilling of the new 
tunnel.

 Summary of Techniques for Single- Stage  
Revision with Widened Anatomic Tunnels
Technique Description Pro Con
Use larger ACL 
graft

Harvesting 11–12-mm BTB or 
quadriceps tendon graft; tripling 
semitendinosus for 5-strand total 
HS graft

No additional steps, better 
biologic fixation

Donor site morbidity (patella 
fracture risk, patellar tendon 
rupture); HS: graft length 
limitation

Large 
interference 
screw

Upsize the interference screw 
diameter to fill the void

No additional steps Limited in sizes

Stacking 
interference 
screws

Using multiple interference screws 
around different sides of the graft

Technically easy Inferior fixation in 
biomechanical studies; may cut/
damage graft

Bone graft 
tunnel

Using bone graft to narrow the 
tunnel for a tighter fit around the 
graft

Avoids need to drill new 
tunnel; promotes biologic 
healing/graft incorporation

Technically more challenging; 
autograft harvest morbidity, if 
selected

Divergent 
tunnel/funnel

Using the same anatomic tunnel 
opening, but using different 
trajectory

Drilling through native 
bone to the ideal diameter 
for the new graft

Thin wall in between tunnels 
that may collapse

HS hamstrings
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Even with effective execution of the above 
techniques, graft fixation can often be ques-
tionable. In any case of concern over fixation 
integrity, backup fixation of the graft using a 
suture anchor, a post, or a staple should be 
employed.

 Completely Nonanatomic Tunnels

Prior tunnels that are completely nonanatomic – 
that is, there will be no overlap between the 
desired location of the new tunnel and the prior 
tunnel – are arguably the simplest to treat, even in 
cases of osteolysis. Nonanatomic tunnels and 
associated hardware can generally be ignored 
entirely; the surgeon can proceed with drilling 
new tunnels in the same fashion as one would 
with primary ACL reconstruction. If there is an 
anticipated narrow bone bridge between the for-
mer and new tunnel and concern for tunnel col-
lapse, the old tunnel can be bone grafted with 
auto- or allograft first, to provide a rigid wall 
against which the new tunnel can be drilled and 
graft fixation secured.

 Incompletely Nonanatomic Tunnels

The most challenging tunnel orientation to treat 
with a single-stage revision ACL reconstruction 
is that in which the prior tunnel is nonanatomic, 
but overlaps with the intended position of the 
new, anatomic tunnel. Tunnel osteolysis increases 
the chances of this problem, as the expanded tun-
nel encroaches upon the anatomic footprint. If 
tunnel widening is 15 mm or greater, a two-stage 
reconstruction should be considered, as adequate 
long-term graft fixation is difficult to achieve in 
this setting. If widening is 14 mm or less, how-
ever, there are several techniques that can be 
employed to accomplish a successful single- 
stage outcome.

 Dilation Technique
The concept of a dilation method is that as the 
new tunnel is created adjacent to the original tun-
nel, bone is impacted outward into the old tunnel, 

thereby filling the old tunnel as the new one is 
gradually dilated open. This is in contrast to a 
standard tunnel technique in which bone is 
reamed away, which causes tunnel convergence 
given proximity. With this technique, hardware 
within the prior tunnel can be kept in place if it 
will not interfere with the new tunnel, as it acts as 
a space filler. To create the new tunnel, a guide 
pin is placed in intact bone – while minimizing 
contact with the old tunnel whenever possible – 
in the ideal position for the new tunnel. Often 
times a divergent tunnel trajectory is needed. 
Over this pin, a small entry drill (typically around 
5-mm diameter) is used to create a narrow tunnel. 
Through this narrow tunnel, sequentially larger 
dilators are introduced that slowly expand the 
tunnel by displacing or impacting cancellous 
bone in an outwards direction, as opposed to 
removing the bone as a reamer does. This bone is 
impacted into the adjacent nonanatomic tunnel. If 
successful, a wall of bone is maintained between 
the two tunnels, so that there is minimal conver-
gence. In good quality bone, this technique can 
be challenging, as the cancellous bone is not eas-
ily displaced with a dilator. Depending on the 
size of the prior tunnel and amount of bone 
between the new tunnels, there may not be suffi-
cient bone to collapse the prior tunnel entirely. 
The bridge between the two tunnels can become 
thin and not uncommonly results in subpar bony 
fixation for the graft. Biomechanically, this tech-
nique is associated with higher rates of graft fixa-
tion failure than other techniques [25]. For these 
reasons, this technique is not commonly used.

 Maintaining Prior Hardware
Removing interference screws is not always nec-
essary, as it can be surprisingly difficult to extract, 
but also can leave the tunnel gap even wider. 
Because most metallic interference screws are 
titanium, the stainless steel reamer can be used to 
drill through part of the screw. This can be 
accomplished with relative ease and little damage 
to the reamer if there is minimal overlap between 
the reamer and the screw  – i.e., if used to 
“smooth” out the peripheral threads of the screw 
(Fig.  7.7). Metallic debris can be expected but 
easily irrigated away. If there is significant over-
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lap between the reamer and the screw, this method 
is not recommended.

Interference screws can also be stacked, as 
mentioned in the previous section on anatomic 
tunnels.

 Tunnel Filling (With Bone Graft or Bone 
Substitute) and Immediate Drilling
Bone grafting of prior tunnels has been used 
extensively to treat malpositioned tunnels or 
 widened tunnels in the two-stage revision setting. 
Its use in the single-stage setting has gained fur-
ther popularity in recent years as its efficacy has 
been proven in the literature [26, 28]. With this 
technique, the previous tunnel is prepared and 
then filled with bone graft (autograft or allograft) 
or bone substitute, then the new tunnel is imme-
diately drilled adjacent to or overlapping with the 
previous tunnel. Hardware that is in the prior tun-
nel or is in the way of the new tunnel should be 
removed so that the prior tunnel can be thor-
oughly debrided of graft material and sclerotic 
bone. Reamers, curettes, and the arthroscopic 
shaver, among other tools, can be utilized to 
debride the tunnels.

Autologous bone grafting of widened tunnels 
is described almost exclusively in two-stage 

revision settings [29]. While autograft is the gold 
standard for the management of bone defects, 
there is morbidity with procurement, particularly 
if the volume of graft needed is substantial. Iliac 
crest bone graft has the advantage of providing a 
corticocancellous graft that can be shaped cylin-
drically. It is recommended to place the cortical 
portion of the graft posteriorly in the tibial tun-
nel, as it is the posterior portion of the tunnel that 
endures the highest compressive force by the 
tendon grafts after ACL reconstruction [20, 30]. 
Corticocancellous bone from the proximal tibia 
can also be used, extracted with the coring tube 
set used during osteochondral autograft harvest-
ing [31, 32]. While there are other sources of 
autograft bone described for use in ACL revision 
surgery (including femoral marrow cavity bone 
harvested with a reamer-irrigator-aspirator 
(RIA) system [33]), autograft used in a single-
stage setting must have a robust structural prop-
erty in order to support immediate tendon graft 
fixation.

The use of allograft bone to fill widened tun-
nels is more commonly used in single-stage revi-
sion ACL reconstruction because it provides 
ample supply with no donor site morbidity and is 
commercially available in different shapes and 
sizes to fit patient-specific needs. Cylindrical 
allograft dowels allow for a structural, bulk void- 
filler that can obtain excellent press fit fixation in 
a tunnel [28, 34, 35]. Postoperative CT imaging 
studies confirm that there is excellent incorpora-
tion of these dowels with the patient’s native 
bone [28]. Cancellous allograft chips can also be 
used to fill defects, either prior to or after drilling 
the revision tunnel [26, 36]. Strips (or “match-
sticks”) of allograft bone can be used in a similar 
fashion, to act as a “shim” to narrow the tunnel 
and compress the graft [37, 38], as was depicted 
similarly in Fig. 7.5.

However, not all tunnels undergo uniform 
osteolysis in a cylindrical fashion  – some are 
cone-shaped or cystic – meaning that gross wid-
ening only occurs at certain portions of the tun-
nel. Reaming a cavitary tunnel into a cylindrical 
one (to accept a large bulk bone graft) requires 
widening the entire tunnel to its widest diameter, 
resulting in a potentially significant amount of 

Fig. 7.7 View within a tibial tunnel demonstrating a 
retained metallic interference screw that has been partially 
drilled through. This can be performed to avoid the need 
to remove the screw
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native bone removal. This is one drawback to 
structural bone grafts.

Bone substitutes have the advantage of being 
amorphous in their pre-hardened states. Because 
of this versatility, these substances can fill cavi-
ties of any shape without the need to remove 
excess bone. Investigations have demonstrated 
the use of fast-setting calcium phosphate bone 
substitutes in single-stage revision ACL recon-
structions to be biomechanically sound in cadav-
eric studies [39, 40], even when applied 
arthroscopically in an aqueous environment. This 
technique has been used in vivo for single-stage 
reconstruction with good results [41], but demon-
stration of long-term efficacy is lacking. An ideal 
bone substitute for single-stage revision ACL 
reconstruction is one that is easily deliverable 
into a small space, initially a viscous liquid so 
that it can take on the shape of the cavity, fast- 
setting without dissolution arthroscopically, 
durable over time, and allows for (or at least does 
not inhibit) tendon graft incorporation. Clinical 
studies are in the early stages of research with 
this technique, but may prove to be of high utility 
in the future, particularly for irregularly shaped 
bone tunnels.

 Authors’ Preferred Technique: Allograft 
Dowels
For cases in which prior tunnels are incompletely 
nonanatomic but tunnel diameter is less than 
14 mm, the authors prefer a single-stage revision 
ACL reconstruction using freeze-dried allograft 
dowels to fill the widened tunnels. These grafts 
provide sufficient structural support to allow 
immediate redrilling of new tunnels partially 
through or next to the dowel.

Intraoperatively, a final assessment of tunnel 
position and osteolysis is made. Hardware is 
removed, unless it is out of range of the prior tun-
nels and the intended revision tunnels. The previ-
ous tunnels are then thoroughly debrided of graft 
material. A cannulated dilator is introduced into 
the tunnel, and then a guide pin is placed through 
the hole of the dilator to ensure central position-
ing of the pin prior to reaming. The dilator is then 
removed, and the tunnel is reamed over the pin. 
Sequentially larger reamers are used to achieve 

circumferential bony margins. Allograft dowels 
are available in a variety of diameters (typically 
in increments of 1 mm, ranging 10–18 mm), as 
well as various lengths. The authors use a can-
nulated allograft dowel system, with a bulleted 
end for ease of insertion. It is recommended to 
use a dowel of the same diameter of the largest 
reamer used on the tunnel, as this obtains the best 
press fit while decreasing risk of dowel fracture. 
The dowel is rehydrated with sterile saline before 
being impacted into the tunnel using a cannulated 
tamp (Fig.  7.8). Insertion of the dowel is to be 
done carefully, as dowel fracture is possible and 
can lead to insufficient fixation and bony 
incorporation.

Due to the press fit fixation, the revision tun-
nel can be drilled immediately adjacent to or 
overlapping with a portion of the dowel, as long 
as the overlap is <50% of the dowel (Fig. 7.9). 
Overlap of the new tunnel with the dowel of 
>50% increases the risk of dowel fracture and 
loss of dowel fixation. Efforts should be made to 
have the tunnels be divergent whenever possible 

Fig. 7.8 Delivery of a cannulated allograft bone dowel 
into a femoral tunnel using a cannulated tamp system
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while keeping the entry point of the revision 
tunnel anatomic. Using a two-incision outside-
in femoral tunnel can be useful in this setting to 
ensure tunnel divergence. The new ACL graft 
can be fixed as one would in a primary ACL 
reconstruction setting, although there is a pref-
erence for aperture fixation with interference 
screws, given a lower risk for tunnel osteolysis 

compared to suspensory fixation [6]. As with all 
revision ACL procedures, the surgeon must 
always have a backup plan for each step of the 
procedure in the event that technical issues arise 
or there is inadequate fixation. When in doubt at 
any step, defaulting to a two-stage procedure is 
preferable to suboptimal single-stage 
execution.

a b

c d

Fig. 7.9 With incompletely nonanatomic tunnels, the 
prior tunnel can be filled with bone graft and then the new 
tunnel drilled through part of the tunnel, especially if there 
is a press fit. These pictures are views of the medial wall 
of the lateral femoral condyle and the ACL femoral foot-
print. (a) The prior incompletely nonanatomic tunnel was 
reamed and then filled with a cylindrical cannulated 

allograft bone dowel. (b) The aperture and trajectory for 
the new femoral tunnel is established via an outside-in 
technique to ensure a divergent course. (c) The new tunnel 
is drilled with some overlap with the allograft bone, with-
out fracturing the dowel. This is possible due to the press 
fit of the dowel. (d) The new ACL graft is fixed with inter-
ference fixation
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 Outcomes

Yoon et  al. [36] performed a study comparing 
outcomes of single-stage revision reconstruction 
in patients with tunnel diameter <12 mm to those 
with tunnel diameters >12 mm. Patients with tun-
nels >9 mm in diameter had the tunnels impacted 
with allograft bone chips to effectively narrow 
the tunnel prior to fixation. Results demonstrated 
that there was no difference in subjective out-
comes or failure rates between the two groups at 
a minimum of 5-year follow-up (average follow-
 up was 7.9 years) but that the group with preop-
erative tunnel diameter <12  mm had better 
objective knee stability (Lachman and pivot shift 
exams and telos measurements).

A study by Mitchell et  al. compared single- 
stage vs two-stage ACL reconstructions in 88 
patients with a minimum 2-year follow-up and 
found that there were no objective or subjective 
differences between the groups at final follow-up 
[42]. Single-stage bone grafting with bulk 
allograft dowels and immediate adjacent drilling 
has also been shown to be effective in several 
level IV clinical studies [28, 35]. Werner et  al. 
published favorable results with their series of 12 
patients treated in a single-stage revision with use 
of allograft dowels and average of 2.6-year fol-
low- up. In their series, there were no objective 
ACL graft failures, and there was excellent incor-
poration of the bone graft on postoperative CT 
scan.

Tips and Pearls
• Obtain prior operative notes to ensure the 

appropriate tools are available for hardware 
removal.

• Liberal use of intraoperative fluoroscopy is 
encouraged to assist with localizing prior 
hardware and identifying tunnel location and 
trajectory.

• Consider backup fixation of the graft if there 
is any concern for graft stability,

• Always have a plan B (and C) available for 
each step of the procedure, as revision recon-
struction is commonly unpredictable

• If intraoperative evaluation reveals that a 
single- stage procedure would result in subop-

timal graft fixation, defaulting to a two-stage 
procedure is encouraged.

 Case Examples

 Case 1: Completely Nonanatomic 
and Widened Tibial Tunnel

The patient is a 19-year-old female who pre-
sented with right knee pain and instability after a 
pivot injury sustained 2 weeks prior. She noted 
immediate swelling and a pop at the time of the 
injury. She previously had a right ACL recon-
struction using hamstring tendon autograft 
4  years prior by a different surgeon. Her exam 
was concerning for a re-tear of her ACL, which 
was confirmed on MRI. Her plain radiographs at 
the time are shown in Fig. 7.10, demonstrating an 
excessively posterior tibial tunnel that was wid-
ened to 12 mm. The femoral tunnel appeared to 
be in an appropriate position with a diameter of 
11  mm. There was no coronal or sagittal 
malalignment.

After discussion with the patient, we elected 
to proceed with a single-stage ACL reconstruc-
tion using bone-patellar tendon-bone (BTB) 
autograft, assuming our arthroscopic evaluation 
was consistent with preoperative imaging. The 
procedure began first with removal of hardware 
from the femoral tunnel (Fig. 7.11). The AperFix 
device (Fig.  7.12) (formerly Cayenne Medical, 
now Zimmer Biomet) was removed, and a 6-mm 
cannulated dilator was inserted into the femoral 
tunnel and was used to establish the tunnel’s tra-
jectory bluntly. A guide pin was then passed 
through the cannula, centrally in the tunnel. After 
the dilator is removed, the tunnel was reamed of 
soft tissue sequentially to a diameter of 12 mm.

The anteromedial tibia was exposed through 
the previous incision, and the opening of the tib-
ial tunnel was identified. The PEEK interference 
screw and sheath were removed (Fig. 7.13). An 
ACL elbow guide was used to insert a guide pin 
through the tibial tunnel, exiting at the tunnel’s 
aperture intra-articularly. Starting with a 6-mm 
reamer and progressing sequentially, the tunnel 
was reamed over this guide wire until all soft tis-
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sue was removed from the tunnel, which was 
accomplished with a 12-mm reamer. The arthro-
scope was inserted into the tunnel to confirm this 
clearance of soft tissue (Fig.  7.14). A 12-mm 
metallic dilator was placed into the tibial tunnel, 

Fig. 7.10 AP and lateral radiographs demonstrating a 
posteriorly malpositioned tibial tunnel that is 12-mm 
wide. The femoral tunnel is 11-mm wide, but appears to 

be in appropriate position. There is an aperture fixation 
device employed for femoral fixation

Fig. 7.11 Prior hardware being removed from the femo-
ral tunnel

Fig. 7.12 AperFix device (formerly Cayenne Medical, 
now Zimmer Biomet) from the patient’s original ham-
strings ACL fixation that was removed from the femoral 
tunnel during revision surgery
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and fluoroscopy was used to verify that this tun-
nel was excessively posterior. Given the diame-
ters of both tunnels were <14 mm, a final decision 
was made to proceed with single-stage recon-
struction. With this confirmation, the BTB auto-
graft with 11-mm diameter bone plugs was then 
harvested.

Returning to the tibial tunnel, a cannulated 
12 mm × 30 mm allograft bone dowel (LifeNet 

Tissue Service) was inserted with gentle impac-
tion using a cannulated tamp, until it was flush 
with the tibial plateau (Fig. 7.15). With the previ-
ous tunnel filled, a guide pin for the new tibial 
tunnel was passed using an elbow guide into the 
anatomic footprint location. The position of the 
pin was confirmed with fluoroscopy. An 11-mm 
reamer was used to drill the tunnel, placing the 
entry point on the anterior tibia in between our 
previous tunnel opening and the tibial tubercle 
harvest site (Fig. 7.16). There was minimal to no 
overlap between the two tunnels at the joint sur-
face (Fig. 7.17), but the allograft dowel was nec-
essary to prevent tunnel collapse. The BTB 
autograft was then able to be passed and fixed 
with metal interference screws on both the tibial 
and femoral sides after appropriate tensioning 
(Fig. 7.18).

The patient was made immediate weight- 
bearing without a brace, with range of motion 
encouraged. She progressed through the stan-
dard ACL rehabilitation protocol postoperatively 
and did well returning to recreational exercise 
without residual instability at 7  months 
postoperatively.

Fig. 7.13 PEEK sheath (*) removed from the tibial tun-
nel using a grasper

Fig. 7.14 View up the prior malpositioned tibial tunnel 
that was reamed to 12  mm to clear debris before bone 
grafting

Fig. 7.15 Allograft dowel (*; LifeNet Tissue Service; 
12 mm × 30 mm into a 12 mm tunnel) placed in the prior 
tibial tunnel before drilling new tunnel. The dowel is 
advanced to the level of the joint surface. View from 
anterolateral portal. (* allograft bone dowel, MFC medial 
femoral condyle, PCL posterior cruciate ligament)
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 Case 2: Incompletely Nonanatomic 
Femoral Tunnel

The patient is a 21-year-old male who presented 
to clinic with right knee pain after feeling a “pop” 
while playing soccer several weeks earlier. He 
had his ipsilateral ACL reconstructed using ham-
string tendon autograft 1 year prior at an outside 
hospital, and he had done well postoperatively 
until the recent injury. He had a positive Lachman 

and pivot shift exam. An MRI showed an incom-
petent ACL graft and a pivot shift bone contusion 
(Fig. 7.19). Plain imaging also revealed an exces-
sively vertical femoral tunnel (Fig. 7.20).

A CT scan was obtained, which further char-
acterized the tunnel size and position. The femo-
ral tunnel measured 11  mm  ×  9  mm and was 
more vertical than the ideal position (Fig. 7.21). 
The tibial tunnel measured 12 mm × 10 mm with 
an acceptable position (Fig. 7.22). There was no 
malalignment. A single-stage revision ACL 
reconstruction was undertaken, with the plan to 
bone graft the prior femoral tunnel with an 

Fig. 7.16 New tunnel 
placed (B) in between 
old tunnel (C, which has 
been filled already with 
a dowel before reaming 
new tunnel) and the 
tibial tubercle harvest 
site (A)

Fig. 7.17 New tibial tunnel being reamed anterior to the 
prior tunnel, which is now filled with an allograft dowel 
(LifeNet Tissue Service). There is minimal to no overlap 
of the tunnels. View from the anterolateral portal. 
(*  allograft bone dowel, R  reamer in new tunnel, 
MFC medial femoral condyle)

Fig. 7.18 The revised ACL bone-patellar tendon-bone 
autograft is tensioned and fixed with interference screws 
on both the femoral and tibial sides. (ACL anterior cruci-
ate ligament, LFC lateral femoral condyle)
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allograft dowel and drill the new tunnel in its ana-
tomic location, likely with some overlap. The 
tibial tunnel would be reused pending intraopera-
tive evaluation.

The case began with a BTB autograft harvest 
in the usual fashion, with 11-mm diameter bone 
plugs. Arthroscopic exam demonstrated a com-
plete tear of the ACL graft (Fig.  7.23). After 
exploring the prior femoral tunnel, it was con-
firmed to be excessively vertical in the notch. 
Preparation of the tunnel for bone grafting was 
begun by placing a guide pin centrally in the 
 tunnel (Fig. 7.24). Over this pin, the tunnel was 
reamed sequentially to 12  mm, at which point 
there was no additional soft tissue debris. A 
12-mm diameter cannulated allograft bone 
dowel (LifeNet Tissue Service) was gently 
inserted into the tunnel. Next, a guide pin was 
placed into the anatomic location of the femoral 
ACL footprint, oriented in a divergent, more 
horizontal course from the previous tunnel. This 
pin positioning was checked with fluoroscopy 
before the tunnel was drilled. An 11-mm reamer 
was used to create the new femoral tunnel, which 
had about 20% overlap with the dowel 
(Fig. 7.25).

a b

Fig. 7.19 Two sagittal cuts of the MRI of the injured knee demonstrating (a) a torn ACL graft and (b) bone edema 
consistent with a pivot shift contusion

Fig. 7.20 AP radiograph taken after the twisting injury, 
demonstrating previous ACL reconstruction with suspen-
sory fixation. The femoral tunnel appears vertical, and 
there is mild osteolysis
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Fig. 7.21 Computed tomography (CT) of the patient’s 
knee is obtained for preoperative planning for revision 
surgery. Displayed are representative sagittal, coronal, 

and axial (in order from left to right) cuts, demonstrating 
the femoral tunnel is 11  mm  ×  9  mm in diameter and 
appears excessively vertical

Fig. 7.22 Preoperative CT scan demonstrating the tibial tunnel is 12 mm × 10 mm in diameter, but is in acceptable 
position. Shown here at the representative sagittal, coronal, and axial (in order from left to right) cuts
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The tibial tunnel was reused, after debriding 
the tunnel with a reamer, shaver, and rasp. The 
11-mm BTB graft was shuttled into the knee 
and secured on the femoral side with a 7-mm 
metal interference screw (Fig. 7.26). The inter-
ference screw provides fixation for both the new 
graft plug and the dowel when used in this man-
ner. The knee was cycled and the graft appropri-
ately tensioned before the insertion of a 9-mm 

metal interference screw in the tibial tunnel. The 
knee exam was stable after fixation. The patient 
was treated postoperatively with the standard 
ACL rehabilitation protocol, allowing immedi-

Fig. 7.23 Arthroscopic view into the notch, demonstrat-
ing a completely torn ACL graft. (* ACL graft remnant, 
PCL posterior cruciate ligament)

Fig. 7.24 Guide pin placed centrally in the incompletely 
nonanatomic (vertical) femoral tunnel

Fig. 7.25 Revision tunnel (*) drilled in improved posi-
tion with slight overlap with prior tunnel aperture. Prior 
tunnel is now filled with an allograft bone dowel (LifeNet 
Tissue Supply). The tunnel trajectories laterally are diver-
gent. A stich is in the new tunnel to facilitate graft passage 
(LFC  lateral femoral condyle, MFC  medial femoral 
condyle)

Fig. 7.26 Interference screw fixation of the new bone- 
patellar tendon-bone autograft adjacent to the allograft 
bone dowel in the prior tunnel. Note that the interference 
screw is providing fixation for both the dowel and the 
autograft bone plug
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ate weight-bearing and range of motion. He 
returned safely to recreational sports at 8 months 
postoperatively.

 Conclusion

The exact causes of tunnel widening and osteoly-
sis after ACL reconstruction are unknown, but 
are thought to be due to a combination of biologi-
cal and mechanical factors. Widened tunnels can 
complicate revision ACL surgery, but can be 
managed effectively by having an arsenal of sur-
gical techniques on hand. If tunnels are <14-mm 
wide, a single-stage revision procedure should be 
considered. The location of the prior tunnels dic-
tates how bone voids can be addressed. 
Completely anatomic tunnels can typically be 
reused in the same setting, with the widened tun-
nel filled with either a larger graft, hardware, or 
bone graft. A divergent tunnel technique can also 
be employed. Completely nonanatomic tunnels 
can generally be avoided all together by the new 
tunnels, with or without bone grafting of the prior 
tunnel. Incompletely anatomic tunnels present 
the most challenging scenario, but can be man-
aged successfully with bone grafting of the prior 
tunnel and immediate re-drilling of the new tun-
nel. Comprehensive preoperative planning is 
imperative, as thorough knowledge of the prior 
implants and techniques used as well as current 
tunnel location and size is vital to success. If at 
any point there is an inability to fill bony defects 
and obtain adequate fixation of the new ACL 
graft, a two-stage procedure should be 
performed.
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 Introduction

The number of primary anterior cruciate liga-
ment (ACL) reconstructions performed annually 
continues to rise at a rapid rate [1]. Failure rates 
following primary ACL reconstruction vary as a 
function of time, with rates from 2% to 5% at 
2 years, compared to 11% at 15 years [2–6]. The 
rate of revision ACL surgery is expected to climb 
in parallel with the rise in primary surgery, high-
lighting the expanding importance of revision 
ACL reconstruction. Depending on the type and 
location of fixation, size and location of existing 
tunnels, and bone quality, the surgeon must plan 
for a two-stage reconstruction when indicated.

For a two-stage ACL reconstruction, the first 
stage involves removing all existing graft and 
hardware and filling the bony defects with bone 
graft. Following incorporation of the bone graft, 
new femoral and tibial tunnels can be created to 
allow for an adequate bed for fixation and incor-
poration of the ACL graft without compromising 
the location of the tunnels. A disadvantage of a 
staged approach includes the requirement for 

two surgeries and an associated prolonged reha-
bilitation time. Furthermore, following the first 
stage, the patient is left with an unstable knee 
that may predispose them to cartilage and menis-
cus injury [7, 8].

The majority of revisions can be performed in 
a single stage, and we avoid two-stage ACL 
reconstruction unless absolutely necessary 
because of the disadvantages stated above [7, 9, 
10]. However, there are cases where single-stage 
revision ACL reconstruction cannot, or should 
not, be performed, including excessive bone loss 
or tunnel osteolysis that limits graft fixation, 
arthrofibrosis requiring surgical intervention to 
improve motion, infection that precludes hard-
ware placement, and malalignment requiring 
deformity correction. The most common indica-
tion for a two-stage revision is tunnel osteolysis 
(Fig. 8.1). The Multicenter ACL Revision Study 
(MARS) group reported that of the 1205 patients 
who underwent revision ACL reconstruction 8% 
of the cohort required bone grafting and a two- 
stage revision due to bone tunnel dilation [9].

A key principle of revision ACL surgery is 
that the index tunnels should not compromise the 
accurate placement of the revision femoral and 
tibial tunnels [11]. Challenges of revision ACL 
surgery include managing previous technical 
errors, bone loss, and tunnel osteolysis. 
Malpositioned tunnels may require bone grafting 
to avoid tunnel convergence and allow for tunnel 
redirection. Bone loss from hardware removal or 
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Fig. 8.1 AP (a) and lateral (b) radiograph of a right knee 
status post multiple failed ACL reconstructions with evi-
dence of retained femoral-sided hardware, significant tib-
ial tunnel osteolysis, and an anterior femoral tunnel 

position. Axial CT images more accurately depicting the 
significant tibial tunnel widening (c) and anterior femoral 
tunnel position (d)
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tunnel osteolysis can jeopardize graft fixation 
and incorporation. In this chapter we discuss the 
role of two-stage ACL reconstruction and present 
cases highlighting techniques and pearls for man-
aging bone loss and tunnel osteolysis.

 Case 1

A 26-year-old male with a remote history of right 
knee ACL reconstruction with hamstring auto-
graft, complicated by graft rupture, most recently 
2 years status post revision ACL reconstruction 
with tibialis posterior allograft and partial lateral 
meniscectomy presented following another re- 
injury. He reported experiencing a non-contact 
pivoting injury while playing basketball. The 
patient reported pain, swelling, and multiple 
recurrent instability events. On examination, he 
had full range of motion from 0 to 130 degrees, 
medial joint line tenderness to palpation, a grade 
2B Lachman, and 2+ pivot shift, and his knee was 
stable to varus and valgus stress at 0 and 30 
degrees.

Radiographs revealed two femoral-sided 
buttons from prior suspensory fixation of each 
ACL graft and evidence of tunnel osteolysis 

(Fig.  8.2a, b). Magnetic resonance imaging 
(MRI) was obtained, confirming the diagnosis of 
an ACL graft rupture (Fig.  8.2c). A computed 
tomography (CT) scan was obtained for further 
evaluation of the extent of tunnel osteolysis and 
tunnel positioning. The CT scan showed signifi-
cant tunnel osteolysis with a maximum tibial tun-
nel diameter of 16  mm and femoral tunnel 
diameter of 13 mm, with appropriate tunnel posi-
tioning (Fig. 8.3a–e).

Given the patient’s pain, swelling, and recur-
rent instability with radiographic evidence of sig-
nificant tunnel osteolysis exceeding 15 mm on the 
tibial side and extending over a significant length 
of the tunnel, the plan was to proceed with a two-
stage revision ACL reconstruction. The patient 
was subsequently taken to the operating room, 
and a diagnostic arthroscopy confirmed a com-
plete tear of the ACL graft. The graft stumps were 
debrided, and the previous femoral tunnel was 
identified. A guide wire was placed into the prior 
femoral tunnel, and the tunnel was reamed with a 
10-mm reamer. This effectively cleared out all 
prior graft material, producing a bleeding cancel-
lous bone tunnel (Fig. 8.4a). The location of the 
previous tibial tunnel was identified, and the 
PEEK interference screw was extracted. A guide 

a b c

Fig. 8.2 AP (a) and lateral (b) radiograph of a right knee 
status post multiple failed ACL reconstructions with evi-
dence of two retained femoral-sided buttons from prior 
suspensory fixation of his ACL grafts and evidence of tun-

nel osteolysis, more pronounced on the tibia. Sagittal pro-
ton density MRI sequence (c) confirming the diagnosis of 
an ACL graft rupture
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pin was placed through the tunnel and held intra-
articular with a grasper. The tunnel was sequen-
tially reamed up to 14  mm in diameter. This 
effectively cleared out all prior graft material, pro-
ducing a bleeding cancellous bone tunnel. A 
10-mm allograft bone dowel was placed through 
the anteromedial portal over a guide wire into the 
femoral tunnel, and a 14-mm dowel was placed 
over a guide wire into the tibial tunnel achieving 
sufficient press fit fixation (Fig. 8.4c, d).

Postoperatively, the patient underwent a 
course of physical therapy to maintain his 
strength and range of motion. At 4 months post-
operatively, a CT scan was obtained demonstrat-
ing adequate healing of the allograft bone dowels 
(Fig. 8.5a, b). The patient returned to the operat-
ing room 6 months after his bone grafting proce-
dure for a revision ACL reconstruction with 
bone-patellar tendon-bone (BTB) autograft. 
Diagnostic arthroscopy confirmed healing of the 

a

d e

b c

Fig. 8.3 Sagittal (a) and coronal (b) CT images demon-
strating significant tunnel osteolysis with appropriate tun-
nel positioning. Sagittal (c) and coronal (d) CT images 

demonstrating femoral tunnel osteolysis measuring 
13  mm with appropriate tunnel positioning. Axial CT 
image (e) showing 16 mm of tibial tunnel widening
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tunnel allografts. New femoral and tibial tunnels 
were drilled, and the BTB autograft was passed 
(Fig.  8.5c, d). Aperture fixation was obtained 
with metal screws. At 1 year postoperatively, the 
patient was doing well and was cleared to return 
to sport (Fig. 8.5e, f).

 Case-Based Discussion: Case 1

This case highlights a classic presentation of tun-
nel osteolysis. It is vital that osteolysis is recog-
nized and evaluated further with CT and/or 

MRI. The ultimate strategy for dealing with this 
issue depends on tunnel location and the extent of 
tunnel osteolysis. When a two-stage procedure 
with bone grafting is indicated, multiple grafting 
options and surgical techniques exist to manage 
this problem effectively.

 Causes of Tunnel Osteolysis

Osteolysis of the femoral and tibial tunnels is a 
well-documented problem and is believed to 
occur because of micro-motion at the graft- tunnel 

a b

c d

Fig. 8.4 Arthroscopic image following index femoral 
tunnel reaming to produce a bleeding cancellous bone 
tunnel (a) to promote healing of the allograft bone dowel 

(b, c). Arthroscopic imaging inserting the tibial tunnel 
allograft bone dowel over a guide wire (d)
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Fig. 8.5 Coronal CT image demonstrating adequate 
healing of the tibial (a) and femoral (b) allograft bone 
dowels 4 months after the grafting procedure. During the 
second stage, the femoral socket was drilled with evi-
dence of healthy cancellous tunnel walls (c), the BTB 

autograft was passed (d), and aperture fixation was 
obtained with metal screws. One year postoperative AP 
(e) and lateral (f) radiographs demonstrated healing of the 
bone plugs

a

c d

b
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interface. This occurs more frequently with ham-
string grafts due to the theoretical “windshield 
wiper” effect of the graft, especially with suspen-
sory fixation [12–14]. It also occurs more com-
monly with the use of allograft, possibly related 
to an immunologic reaction [15]. Furthermore, 
osteolysis can occur with synthetic grafts and 
bioabsorbable fixation devices, which can cause 
an immune reaction from the synthetic materials. 
For these reasons, significant bone loss necessi-
tating a grafting procedure to fill the defect can 
occur, even with properly positioned femoral and 
tibial tunnels.

The MARS group reported 8% of 1205 
patients undergoing revision ACL reconstruction 
required bone grafting and a two-stage revision 
for tunnel dilation [9]. While the most common 
indication for bone grafting is tunnel osteolysis, 
bone defects created from hardware removal 
and/or tunnel convergence after attempting to 
reposition a tunnel may ultimately require bone 
grafting and staged ACL reconstruction. These 

alternative situations resulting in bone defects 
will be discussed in more detail in the case 2 dis-
cussion section.

 Imaging

Plain radiographs should be obtained to deter-
mine previous tunnel position and whether tunnel 
osteolysis is present. Additionally, it is common 
practice to obtain an MRI to assess for graft integ-
rity as well as concomitant meniscal, chondral, 
and ligamentous injury. If concern exists regard-
ing bone loss after initial radiographic evaluation, 
a CT scan may be obtained to facilitate precise 
assessment of existing tunnel location, tunnel 
dilation, and bone quality. CT has been shown to 
be superior to plain radiography and MRI in iden-
tifying and measuring bone tunnel dilation and 
location following ACL reconstruction [16].

We recommend having a low threshold for 
obtaining a CT scan for the purposes of preopera-

e f

Fig. 8.5 (continued)
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tive planning in the setting of suspected bone loss 
for revision ACL reconstruction. We find it diffi-
cult to accurately assess the degree of tunnel dila-
tion on plain radiographs. In cases with clear 
evidence of osteolysis or bony defects, we 
 routinely obtain a CT scan, as the degree of bone 
loss is frequently more extensive than demon-
strated by radiographs alone. Furthermore, CT 
imaging is beneficial to assess tunnel location 
and to plan new tunnel placement. The tunnel 
locations should be scrutinized to determine if 
they are in acceptable locations, not requiring 
redirection, or an inaccurate location requiring 
redirection, which may require bone grafting. In 
the case of malpositioned tunnels, a new tunnel 
that converges with the index tunnel(s) can result 
in overlapping tunnels and a large bony defect, 
compromising graft location and fixation. CT 
imaging is often a vital tool for preoperative plan-
ning and to help determine the requirement of 
bone grafting and/or staging a revision ACL 
reconstruction.

 Indications for Tunnel Bone Grafting

Although most revisions can be performed as a 
single-stage procedure, specific situations in 
which a two-stage procedure should be consid-
ered include incomplete range of motion requir-
ing lysis of adhesions, malalignment requiring 
corrective osteotomy, significant tunnel widening 
necessitating bone grafting, and infection [17]. 
Tunnel expansion requiring bone grafting is the 
most common indication for a two-stage proce-
dure [9]. Because increased time to revision cor-
relates with a higher incidence of meniscal and 
chondral lesions, the surgeon must be judicious 
when deciding whether a two-stage procedure is 
necessary [7, 8]. A two-stage procedure generally 
requires a 6-month window between procedures 
in which the patient may continue to have insta-
bility episodes [14]. When technically feasible, 
we prefer to perform a single-stage ACL revision 
surgery, if appropriate tunnel placement and graft 
fixation can be achieved.

Many authors suggest that bone grafting and a 
staged revision should be strongly considered 
when tunnel widening measures greater than 

15 mm in diameter [18–20]. In tunnels this size, 
particularly if the enlarged diameter extends over 
a significant length of the tunnel, graft fixation 
and subsequent integration may be compromised. 
In addition to osteolysis, tunnel expansion requir-
ing bone grafting can result from tunnels which 
are close, but not ideal, resulting in tunnel conflu-
ence if redirection is attempted, and when an 
excessive amount of bone is removed during the 
hardware extraction process. Tunnel confluence 
is a problem wherein the tunnel made during the 
previous ACL reconstruction and one used at the 
time of revision ACL reconstruction converge 
along their paths to create a single larger tunnel. 
This can compromise fixation of the graft if the 
defect is too large and may result in excessive 
translation of the graft at the joint line, resulting 
in the so-called windshield wiper effect. In this 
case, two-stage revision reconstruction with bone 
grafting should be performed to avoid overlap 
between tunnels made at the time of revision 
ACL reconstruction and those made during the 
previous reconstruction [14].

 Bone Grafting Options

Multiple grafting options exist to manage tunnel 
osteolysis and/or bony defects in the setting of 
revision ACL reconstruction, including autograft 
plugs, allograft dowels, and structural grafts [8, 
12, 21, 22]. Autograft options can include single 
or multiple press fit osteochondral autograft 
(OAT) plugs, most commonly considered for 
smaller defects that require grafting. Such auto-
graft plugs can be harvested from the proximal 
tibia, distal femur, or, in the setting of larger 
defects, the iliac crest [23, 24]. When autograft 
plugs are used in the setting of larger defects, 
cancellous allograft can be added to the autograft 
construct to help fill voids.

To avoid the surgical morbidity associated 
with autograft harvesting, we generally use 
allograft bone, including dowels [12, 21]. Prior 
tunnels can be sequentially reamed to bleeding 
cancellous bone and packed with premade 
allograft bone dowels sized to fit the dilated tun-
nel [25]. For larger and irregular defects, femoral 
head allograft may be used to allow for larger 
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diameter plugs to be made with core reamers 
while also providing a source for additional graft 
to use for irregular and larger sized defects.

Other structural grafts include bioabsorbable 
interference screws or calcium phosphate cement 
putties. Proponents of these rigid bone void fill-
ers advocate that they allow new tunnels to be 
drilled anatomically (without prior tunnels com-
promising location) and the graft can be securely 
fixed all in a single-stage procedure. No long- 
term results of biologic incorporation of these 
bone void fillers in the setting of revision ACL 
reconstruction are available at this time [22]. For 
the majority of cases, we prefer to address sig-
nificant tunnel expansion in a two-stage approach 
with bone grafting using premade allograft bone 
dowels or morselized allograft, usually for the 
femur and tibia, respectively.

 Technique Pearls

Despite the disadvantages of a two-stage proce-
dure, there are cases where this technique is nec-
essary. To ensure a successful first stage, a few 
pearls should be mentioned. Prior to grafting, a 
thorough debridement of any prior graft and fixa-
tion material should be performed, with the goal 
of producing a new tunnel with bleeding cancel-
lous bone walls in order to facilitate new graft 
healing to native bone. In doing so, as little bone 
as possible should be removed. We recommend 
using sequential reaming over a guide pin, start-
ing with a lower diameter reamer and working 
your way up to slowly assess the most appropri-
ate diameter to accomplish these goals. If scle-
rotic bone is encountered, a curette can be used to 
debride the walls of the tunnel to promote graft 
healing.

Even with meticulous preoperative planning, 
the exact size of the defect is often difficult to 
predict. For larger and irregular defects, we pre-
fer the use of femoral head allograft to allow for 
appropriate sized allograft bone dowels to be har-
vested as needed and allow for a source of addi-
tional allograft to use to fill irregular voids. For 
medium sized lesions, our preference is to use 
premade allograft bone dowels. It is important to 
preoperatively verify access to a variety of differ-

ent sized dowels due to difficulties with accu-
rately predicting tunnel size preoperatively.

Bone grafting on the tibial side can be less 
technically challenging, with the graft typically 
inserted in an inferior to superior direction 
directly through the tibial skin incision using a 
small tamp. Care should be taken not to breach 
the joint with the bone graft, which can be 
observed arthroscopically during implantation. 
Dry arthroscopy can be useful when grafting the 
femoral side to prevent washing out loose graft 
when used. During femoral tunnel grafting, a 
small arthroscopic cannula or skid can be placed 
through an accessory medial portal in line with 
the previous femoral tunnel to facilitate graft 
insertion. A bone tamp can be used to ensure the 
graft is well packed with an adequate press fit.

In a two-stage technique, the ACL reconstruc-
tion must be delayed to allow time for incorpora-
tion of the bone graft. Serial radiographs should 
be obtained following the bone grafting proce-
dure to monitor the healing process. It is impor-
tant to confirm complete graft incorporation 
prior to the second-stage procedure, which gen-
erally follows the grafting procedure by approxi-
mately 6  months [14, 20]. Prior to the second 
stage, we prefer to confirm incorporation of the 
bone graft with the use of a CT scan around 
4–6 months.

 Case 2

A 31-year-old male with a history of right knee 
ACL reconstruction with hamstring autograft 
complicated by graft rupture, most recently 
5 years status post-revision ACL reconstruction 
with hamstring allograft and partial medial men-
iscectomy, presented for evaluation. He reported 
a non-contact pivoting injury while playing bas-
ketball. The patient reported a 3-year history of 
medial sided knee pain prior to his most recent 
injury and now swelling with recurrent instability 
episodes despite a course of physical therapy. On 
examination, he had full range of motion from 0 
to 130 degrees, medial joint line tenderness to 
palpation, a grade 2B Lachman, and 2+ pivot 
shift, and his knee was stable to varus and valgus 
stress at 0 and 30 degrees.
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Radiographs revealed two lateral femoral but-
tons from prior suspensory fixation of his ACL 
grafts with evidence of femoral and tibial tunnel 
osteolysis measuring 13 mm and 15 mm, respec-

tively, with 13 degrees of posterior tibial slope 
(Fig. 8.6a, b). Standing long leg alignment radio-
graphs showed 5 degrees of varus malalignment, 
with the weight-bearing axis through the lateral 

a
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Fig. 8.6 AP (a) and lateral (b) radiograph demonstrating 
two lateral femoral buttons from suspensory fixation of 
his prior ACL grafts; screw and spiked washer in the prox-
imal medial tibia; evidence of femoral and tibial tunnel 
osteolysis measuring 13  mm and 15  mm, respectively; 
and 13 degrees of posterior tibial slope. Sagittal proton 

density MRI sequence demonstrating complete ACL graft 
rupture (c), with two retained interference screws in the 
proximal tibial from prior ACL graft fixation (d). Sagittal 
fluid-sensitive MRI sequence demonstrating an osteo-
chondral defect of the medial femoral condyle measuring 
11 × 14 mm (e)
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aspect of the medial tibial plateau. An MRI was 
obtained, which confirmed the diagnosis of an 
ACL graft tear (Fig. 8.6c) with two retained inter-
ference screws in the proximal tibial from prior 
ACL graft fixation (Fig.  8.6d), posterior horn 
medial meniscal deficiency from prior partial 
medial meniscectomy, and an osteochondral 
defect of the medial femoral condyle (MFC) 
measuring 14 × 20 mm (Fig. 8.6e).

Given the patient’s pain, swelling, recurrent 
instability, and radiographic evidence of 
increased posterior slope, varus alignment, osteo-
chondral lesion of the MFC, vertical femoral tun-
nel positioning, and significant tibial tunnel 
osteolysis, the plan was to proceed with a two- 
stage revision ACL reconstruction. Stage one 
would consist of bone grafting of his femoral and 
tibial tunnels, osteochondral allograft of his MFC 
lesion, and a high tibial osteotomy with an 
anterolateral hinge for correction of excessive 
posterior slope and varus malalignment while 
offloading the osteochondral allograft.

The patient was taken to the operating room, 
and a diagnostic arthroscopy confirmed a com-
plete tear of the ACL graft, focal MFC osteo-
chondral lesion measuring 20  mm in diameter, 
deficiency of the posterior horn of the medial 
meniscus, and no evidence of chondral wear in 
the lateral compartment. The graft stumps were 
debrided, and the previous femoral tunnel was 
identified. A guide wire was placed into the fem-
oral tunnel. Sequential reaming of the tunnel was 
performed, beginning at 10 mm and advancing 
to a 14-mm reamer. All graft and suture debris 
were removed from the tunnel. A cannulated 
14-mm allograft dowel was then impacted into 
the femoral tunnel in press fit fashion (Fig. 8.7a). 
The two bioabsorbable screws were identified in 
the tibial tunnel and removed, along with the 
metal screw and washer in the tibia. During 
removal, the distal tibial screw broke, and the tip 
was uneventfully left buried within the tibial 
shaft. A guide wire was placed into the prior 
tibial tunnel. Sequential reaming of the tunnel 
was then performed, beginning with a 10-mm 
and advancing to a 14-mm reamer. All graft and 

suture debris was removed from the tunnel. A 
14-mm cannulated allograft dowel was then 
impacted into the tibial tunnel in press fit fashion 
(Fig.  8.7b). A medial parapatellar arthrotomy 
was then performed, and a 22-mm osteochondral 
allograft plug was used to address the MFC 
osteochondral lesion (Fig.  8.7c). A high tibial 
osteotomy was then performed to address the 
increased posterior slope and correct the varus 
alignment, thereby offloading the medial com-
partment. Our wedge was completed with a 3:1 
ratio to decrease the posterior slope of the tibia, 
with a 2-mm anterior and 6-mm posterior open-
ing. A medial-based plate was secured in locking 
fashion, and the osteotomy site was bone grafted 
(Fig. 8.7d, e).

Serial radiographs were obtained to monitor 
healing at the osteotomy site. At 8 months postop-
eratively, a CT scan was obtained demonstrating 
healing of the osteotomy, osteochondral allograft, 
and tunnel allografts (Fig. 8.8a–d). On examination 
the patient continued to have a grade 2B Lachman 
and 2+ pivot shift. At 10 months postoperatively, 
the patient underwent revision ACL reconstruction 
with BTB autograft, removal of osteotomy hard-
ware, and lateral extra-articular tenodesis (Fig. 8.9a, 
b). At 1 year following revision ACL reconstruc-
tion, the patient was doing well and was cleared to 
return to sport (Fig. 8.9c, d).

 Case-Based Discussion: Case 2

This case highlights the importance of preopera-
tive planning and an inclusive workup to identify 
secondary causes of ACL graft failure. In addi-
tion to osteolysis, tunnel expansion requiring 
bone grafting can result from tunnels which are 
close resulting in tunnel confluence if redirection 
is attempted, as well as when an excessive amount 
of bone is removed during the hardware extrac-
tion process. For patients with multiple ACL 
graft ruptures, a thorough workup into the etiolo-
gies of ACL failure is important, and abnormali-
ties should be addressed, often in a staged 
fashion.
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Fig. 8.7 Arthroscopic image demonstrating allograft 
bone dowel press fit fixation in the prior femoral (a) and 
tibial (b) tunnels. Arthroscopic image following osteo-
chondral allograft plug fixation to address the MFC OCD 

lesion (c). Intraoperative AP (d) and lateral (e) radiograph 
demonstrating adequate bone grafting of the prior femoral 
and tibial tunnel, with correction of the patients varus 
malalignment and posterior tibial slope

C. D. Lawton et al.



109

a b

c d

Fig. 8.8 Sagittal (a) and coronal (b) CT scan of the prox-
imal tibia demonstrating incorporation of the tibial tunnel 
bone graft and healing of the high tibial osteotomy site. 

Coronal (c) and axial (d) CT scan of the distal femur dem-
onstrating incorporation of the femoral tunnel bone graft
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Fig. 8.9 Arthroscopic image demonstrating the femoral 
socket drilled during the second stage, with healthy can-
cellous tunnel walls (a), and the BTB autograft passed (b), 

and aperture fixation was obtained with metal screws. One 
year postoperative AP (c) and lateral (d) radiograph dem-
onstrating healed tibial and femoral bone plugs
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 Bone Defects

Tunnel malpositioning is the most common tech-
nical error during primary and revision ACL 
reconstruction. This can result in excessive graft 
forces and strain resulting in inadequate graft 
incorporation, graft loosening, and atraumatic 
graft failure [26, 27]. Malpositioned tunnels are 
associated with increased failure rates and infe-
rior clinic outcomes [28]. Excessive anterior 
placement of the femoral tunnel is the most fre-
quent technical error [19, 20, 27]. Furthermore, 
excessively posterior femoral tunnel placement 
may result in posterior wall blowout. It is impor-
tant this is identified, as this error limits fixation 
options at the time of revision surgery to those 
relying on lateral cortical fixation or requires 
bone grafting and a two-stage ACL 
reconstruction.

Prior tunnel placement may be categorized 
in one of three ways: (1) accurate, not requiring 
redirection; (2) completely inaccurate, not 
interfering with new tunnel creation; or (3) 
overlapping, such that the prior tunnel and a 
properly placed tunnel will partially overlap 
[20]. Partially overlapping tunnels are the most 
challenging and frequently require grafting and 
a two-stage procedure. If the aperture of the 
new tunnel would partially overlap the old tun-
nel leading to a large defect, depending on the 
situation, we recommend bone grafting the old 
tunnel and redirection of the revision tunnel 
once the bone grafting heals. Failure to identify 
this problem can lead to compromised fixation 
and excessive translation of the graft at the joint 
line [14].

Bone defects can be created during the hard-
ware extraction process. As illustrated in this 
case, significant bone defects can result from 
removal of hardware. It is important to anticipate 
this possibility. Furthermore, care should be 
taken to remove as little bone as possible during 
the hardware extraction process as discussed in 
the next section. Lastly, revision cases following 
a primary double bundle ACL reconstruction can 
result in significant bone loss.

 Hardware Removal

Hardware removal is frequently required in the 
revision setting, and the size and location of the 
resulting bone defect must be considered. Defects 
created during this process may necessitate graft-
ing, either as part of a single-stage or two-stage 
revision. The requirement for hardware removal 
necessitates knowledge of the previous implants 
used and the appropriate extraction tools. 
Additionally, universal hardware removal trays 
should be available in the operating room at the 
time of surgery, including multiple and varied 
screwdrivers. Fluoroscopy should be available 
and can be used to facilitate removing retained 
hardware or to assist in tunnel placement if the 
decision is made to attempt to bypass the previ-
ously placed hardware.

While the goal should be to remove as little 
bone as possible, hardware that requires removal 
should be well visualized to prevent damage to 
adjacent healthy tissue during extraction and 
stripping of screws. Notch overgrowth and osteo-
phyte formation are commonly encountered dur-
ing the revision setting and may require resection 
of bone from the roof and lateral wall of the notch 
to aid in visualization for hardware removal. 
When extracting femoral tunnel screws, adequate 
soft tissue debridement should be performed for 
proper seating of the screwdriver and proper 
angle orientation to avoid stripping the screw. It 
is not uncommon for bone to grow into the hex-
agonal head. Once the screw head is located, a 
curette can be used to clean the hexagonal head 
for the screwdriver to seat properly. Additionally, 
bone must be removed circumferentially around 
the head of the screw so that it can be removed 
easily without breaking.

 Malalignment

For revision ACL reconstruction to be successful, 
it is paramount to determine the underlying etiol-
ogy leading to failure of the index procedure. The 
etiology of failure may be related to recurrent 
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trauma, loss of motion, technical error, or failure 
to recognize and treat concomitant pathology, 
such as collateral ligament laxity. Varus malalign-
ment and, to a greater extent, excessive posterior 
tibial slope have been implicated as risk factors 
for ACL graft failure. For this reason, in patients 
presenting with an ACL graft tear, radiographs 
that allow for evaluation of the mechanical align-
ment and posterior tibial slope should be 
obtained. In ACL-deficient knees with varus 
malalignment (particularly with associated lat-
eral side laxity and a varus thrust gait) or 
increased posterior tibial slope, ACL reconstruc-
tion may be predisposed to gradual attenuation 
and eventual failure if the alignment is not first 
addressed with an osteotomy procedure. We gen-
erally prefer to perform a two-stage ACL recon-
struction when an osteotomy is planned for 
alignment correction, especially in the revision 
setting, due to the magnitude of the surgery and 
recovery. However, depending on the patient and 
the pathoanatomy, a single-stage osteotomy and 
revision ACL may be appropriate. During the 
first stage, the tunnels are debrided and grafted 
and the osteotomy performed. Once healed, this 
allows for removal of hardware and revision ACL 
reconstruction with optimal tunnels for graft fixa-
tion and incorporation.

 Case 3

A 17-year-old female presented 3  months after 
left knee ACL reconstruction with hamstring 
autograft, complicated by acute postoperative 
infection, five irrigation and debridement proce-
dures, and removal of her graft and hardware. 
She had completed a 6-week course of intrave-
nous antibiotics with daptomycin and merope-
nem. She reported significant instability with 
activities of daily living. On examination, she had 
3–150 degrees of knee flexion, a grade 2B 
Lachman, and 3+ pivot shift, and her knee was 
stable to varus and valgus stress at 0 and 30 
degrees. Labs were obtained and were within 
normal limits: white blood cell (WBC) count 8.7/
nl, C-reactive protein (CRP) <0.7  mg/dl, and 
erythrocyte sedimentation rate (ESR) 11 mm/hr.

Radiographs revealed evidence of tibial and 
femoral tunnel widening (Fig.  8.10a, b). MRI 
showed the ACL graft to be absent with signifi-
cant tibial and femoral tunnel osteolysis. A CT 
scan was obtained for further evaluation of the 
extent of tunnel osteolysis and tunnel position. 
The CT scan showed significant tunnel osteolysis 
with a tibial and femoral tunnel diameter of 
15 mm (Fig. 8.10c, d).

Given the patient’s instability with activities 
of daily living, history of infection, and radio-
graphic evidence of significant tunnel osteolysis, 
the plan was to proceed with a two-stage revision 
ACL reconstruction. The plan during the first 
stage was to intraoperatively evaluate for evi-
dence of persistent infection, obtain tissue sam-
ples and synovial fluid to send for pathology and 
culture, and perform bone grafting of her femoral 
and tibial tunnels if suspicion for ongoing infec-
tion was low. Diagnostic arthroscopy revealed 
some mild synovitis in the suprapatellar pouch. 
Synovial tissue samples were obtained and sent 
for culture, and a partial synovectomy was per-
formed. The ACL was absent from the notch, 
with evidence of tibial and femoral tunnel widen-
ing. A guide wire was placed into the prior loca-
tion of the femoral tunnel and sequentially 
reaming to a diameter of 12 mm. This effectively 
cleaned out all of the prior graft material, and 
bleeding cancellous bone in the femur was 
achieved (Fig. 8.11a). The location of the previ-
ous tibial tunnel was identified. A guide pin was 
then placed through the previous tibial tunnel and 
held intra-articular with a grasper. The tunnel 
was sequentially reamed to a diameter of 12 mm. 
This effectively cleaned out all of the prior graft 
material, and bleeding cancellous bone was 
achieved. A 12-mm diameter allograft bone 
dowel was placed through the anteromedial por-
tal over a guide wire into the femoral tunnel 
(Fig. 8.11b, c), and a 12-mm diameter allograft 
bone dowel was placed over a guide wire into the 
tibial tunnel to achieve sufficient press fit 
fixation.

Intraoperative cultures were all negative. 
Serial radiographs were obtained to monitor 
healing of the bone graft. At 6 months postopera-
tively, a CT scan was obtained demonstrating 
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Fig. 8.10 Lateral (a) and AP (b) radiograph demonstrating evidence of tibial and femoral tunnel widening. Coronal (c) 
and sagittal (d) CT image demonstrating significant tibial and femoral tunnel defects measuring 15 mm in diameter
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healing of the tunnel allografts (Fig. 8.11d, e). On 
examination the patient continued to have a grade 
2B Lachman and 3+ pivot shift. At 7  months 
postoperatively, the patient underwent revision 

ACL reconstruction with BTB autograft and lat-
eral extra-articular tenodesis (Fig.  8.12a, b). At 
1 year follow-up, the patient was doing well and 
was cleared to return to sport (Fig. 8.12c, d).

a

d e

b c

Fig. 8.11 Arthroscopic image following sequential 
reaming of the index femoral tunnel to produce a bleeding 
cancellous bone tunnel (a) to promote healing of the 
allograft bone dowel (b, c). Sagittal (d) and coronal (e) 

CT image obtained 6 months following the bone tunnel 
grafting procedure demonstrating healing of the allograft 
bone dowels in the tibial and femoral tunnels, 
respectively
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Fig. 8.12 Arthroscopic image demonstrating the femoral 
(a) and tibial (b) socket drilled during the second stage, 
with healthy cancellous tunnel walls for fixation and inte-
gration of the revision ACL graft. AP (c) and lateral (d) 

6-week postoperative radiographs demonstrating ACL 
graft fixation with a lateral cortical button suspensory 
fixation on the femur and aperture fixation with a metal 
screw on the tibia
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 Case-Based Discussion: Case 3

This case highlights the use of a two-stage revi-
sion ACL reconstruction in the setting of postop-
erative infection. It is important to ensure the 
infection is eradicated prior to harvesting and fix-
ing another ACL graft. For this reason, we feel 
that having a low threshold to perform a two- 
stage revision, especially when tunnel malposi-
tion or widening is present, is preferred. With this 
strategy, an intra-articular evaluation can be per-
formed, cultures and pathology can be obtained 
to confirm the eradication of infection, and bone 
grafting of prior tunnels can be performed to 
ensure healthy tunnels for graft fixation during 
the second stage.

 Infection

Infection is a rare but devastating complication 
following ACL reconstruction, with reported 
rates between 0.58% and 0.80%, typically occur-
ring in the acute (<2  weeks) and subacute 
(between 2  weeks and 2  months) postoperative 
period [29, 30]. In cases suspicious for infection, 
serologic tests including a complete blood count 
(CBC), erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), and bacterial cultures 
from a knee aspirate should promptly be obtained. 
Furthermore, in cases with significant osteolysis 
of previous tunnels, infection should be ruled out.

A staged revision should be performed in the 
setting of ACL graft failure secondary to infec-
tion. During the first stage, the intra-articular 
joint can be evaluated. Tissue and synovial fluid 
should be sent for pathology and culture, and a 
synovectomy of any inflamed tissues or scar 
should be performed. If suspicion is low for per-
sistent infection, previous tunnels can be bone 
grafted. The definitive reconstruction should be 
delayed until it has been confirmed that the infec-
tion is eradicated and the tunnel allografts healed.

 Outcomes

No current studies have directly compared out-
comes following one-stage versus two-stage revi-

sion ACL reconstructions. Few studies have 
compared two-stage revision ACL reconstruction 
to primary ACL reconstruction.

Franceschi et  al. reported outcomes on 30 
patients who required a two-stage revision ACL 
reconstruction for bone grafting of large femoral 
defects [31]. The femoral defects were filled 
using autograft obtained from the tibial metaphy-
sis, with CT scans obtained 3 months after graft-
ing to evaluate for graft integration. They found 
significant improvement in postoperative IKDC 
and Lysholm scores, with 66.7% of patients 
returning to the same preoperative sport activity 
level. They concluded that a two-stage approach 
is a safe and effective procedure for patients with 
large femoral defects precluding a single-stage 
procedure.

Weiler et  al. compared outcomes between 
patients who underwent primary versus two- 
stage revision ACL reconstruction and found no 
difference in postoperative objective IKDC 
scores [32]. In contrast, Thomas et al. performed 
a prospective study comparing outcomes in a 
cohort of patients who underwent two-stage revi-
sion and primary ACL reconstruction [14]. They 
compared 49 consecutive two-stage revisions 
with a matched control group that underwent a 
primary ACL reconstruction. They found that 
patients who underwent a two-stage revision 
ACL reconstruction had a greater degree of pas-
sive range of motion deficits, were more likely to 
have crepitus on exam, and had significantly 
worse subjective outcome scores compared to 
patients who underwent a primary ACL 
reconstruction.

 Conclusion

The decision to perform a two-stage revision 
ACL reconstruction with bone grafting is com-
plex and multifactorial. Tunnel osteolysis and 
bone defects are common, with larger defects 
predisposing patients to inadequate graft fixation 
and integration. CT imaging can be beneficial to 
determine the extent of tunnel malposition and 
tunnel dilation and to assist with decision- making 
for possible two-stage revision with a bone 
grafting procedure. Furthermore, other clinical 
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scenarios such as index tunnel malposition, 
malalignment requiring a corrective osteotomy, 
or infection may influence the decision to per-
form a two-stage reconstruction. To optimize 
outcomes, accurate placement of the femoral and 
tibial tunnels should not be compromised by the 
index tunnels, and tunnel expansion from hard-
ware removal or osteolysis must not jeopardize 
graft fixation and incorporation. As revision ACL 
surgery continues to become more common, 
ACL surgeons must be comfortable to perform a 
two-stage revision with bone grafting, when 
indicated.
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Prior Femoral Implant and Tunnel 
Management

Jonathan D. Hughes, Volker Musahl, 
and Bryson P. Lesniak

 Introduction

Although causes for anterior cruciate ligament 
(ACL) reconstruction failure are multifactorial, 
recent literature has identified femoral tunnel 
malposition as the most common technical error. 
A recent study examined the Multicenter ACL 
Revision Study (MARS) database and reported 
that femoral tunnel malposition was a cause of 
failure in 47.6% of cases and the only cause of 
failure in 25.4% of cases. Additionally, the 
authors reported anterior and vertical tunnel mal-
position as the most common error [15]. Another 
study reported similar findings, with anterior tun-
nel placement in 36% of revision cases [17]. 
Anterior placement of the tunnel, the most com-
mon error, results in limited flexion, while a ver-
tical tunnel may lead to continued rotational 
instability and failure. However, failures occur 
even with well-placed tunnels. In some revision 
cases, the resultant widening of index tunnels 
may pose a challenge during revision ACL recon-
struction. The complexity of revision ACL recon-
struction cases can lead to reoperation rates as 
high as 35% in young patients [8, 20]. The fol-
lowing chapter will discuss management, techni-

cal considerations, and pearls to address femoral 
tunnel malposition and widening.

 Preoperative Workup

Initial radiographic evaluation includes standing 
anterior-posterior, weight-bearing 45° flexion 
posterior-anterior, lateral, and Merchant views. 
The weight-bearing 45° flexion posterior-anterior 
views can be utilized to measure the angle of the 
prior femoral tunnel. A measurement less than 
33° most likely corresponds to a nonanatomic 
tunnel placement [9]. The presence of fixation 
devices can be identified on these views, as well 
as tunnel position on the lateral views (Fig. 9.1). 
The lateral view is useful to evaluate the tibial 
slope, as an increased tibial slope greater than 
12° can be a risk factor for ACL injury [18]. In 
the revision setting, this may be addressed with a 
tibial deflexion osteotomy [6]. The type and posi-
tion of fixation devices, including interference 
screws, staples, and buttons, are important for 
operative planning, as these may need to be 
removed during revision surgery. Additionally, 
full-length standing radiographs should be 
obtained to evaluate overall mechanical align-
ment. The current magnetic resonance imaging 
(MRI) as well as the MRI from the initial injury 
should be reviewed in detail.

The authors prefer to obtain a thin-cut com-
puted tomography (CT) scan with three- 
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dimensional (3D) reconstructions in all revision 
settings. These images can provide crucial infor-
mation on the position of the tunnels, tunnel wid-
ening, position of radiolucent fixation devices, 
and concomitant bony pathology (Fig. 9.2). One 
study reported bone tunnels seen on CT were also 
identified on radiographs, but there can be 
 discrepancies in the measurements of the femoral 
tunnels between the imaging modalities [19]. 
Therefore, CT scans with 3D reconstructions can 
add valuable and more accurate measurements for 
preoperative planning, as well as understanding 
the spatial orientations of the tunnels [12]. 
Additionally, these findings may determine 
whether a one-stage or two-stage revision is nec-
essary. Relative indications for two-stage revision 
ACL reconstruction, in regard to the femoral tun-
nel, include tunnel malpositioning that interferes 
with the placement of new anatomic tunnels or 
tunnel aperture ≥14 mm [4]. A recent retrospec-

tive review demonstrated similar outcomes and 
failure rates between one-stage and two- stage 
revision ACL reconstructions [14]. However, the 
retrospective nature of that study may make a 
direct comparison of those two groups difficult to 
interpret. The decision to perform a one-stage ver-
sus a two-stage revision should be made before 
proceeding with surgical intervention. If a one-
stage revision is planned, the risk of converting to 
a two-stage procedure should be discussed with 
the patient in case unanticipated complications 
arise during the revision. As such, allograft bone 
graft should be available.

 Surgical Planning and Technique

After a thorough review of the available imag-
ing studies, a surgical plan can be developed 
that addresses mechanical alignment, any 

a b

Fig. 9.1 Radiographs of tunnel position. In image (a), 
the black arrow points to a well-positioned femoral tunnel 
with an interference screw anterior to the tunnel. In image 

(b), the black arrow points to an anterior femoral tunnel 
with an interference screw within the tunnel
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meniscal deficiency, tunnel position, and pos-
sible hardware removal. The prior femoral tun-
nel placement should be categorized according 
to the Revision using Imaging to guide 
Staging and Evaluation (REVISE) in ACL 
Reconstruction Classification. This classifica-
tion system is as follows: type 1A in which the 
femoral and tibial tunnel positions are posi-
tioned well and can be used for the revision 
surgery without adjustment; type 1B in which 
the femoral and/or tibial tunnels require new 
drilling, but revision is one-stage; and type 2, 
in which a two-stage revision is required for 
poorly placed tunnels, bone loss tunnel widen-
ing, or infection [5]. Hardware should be left 
in place, if possible, to prevent the creation of 
bone defects, if it does not interfere with tunnel 
placement. One study described a technique of 
reaming the threads of a retained screw when 
a new femoral tunnel is created in order to pre-
vent graft abrasion [13].

 Type 1A

Tunnels that are appropriately placed can be used 
again in the revision setting, even with widening 
identified preoperatively. Hardware removal may 
be necessary if interference screws were utilized 
previously. Cortical fixation devices, staples, and 
cortical screws do not need to be removed unless 
they are an obstruction to the revision procedure. 
During screw removal, any bone around the 
screw should be removed first with a curette or 
burr. Be sure to have various screw removal sets 
available if the prior implant is not known. The 
remaining soft tissue in the tunnel is removed, 
and the tunnel is dilated to the appropriate size to 
ensure a healthy, bleeding bone interface for a 
graft. A larger soft tissue graft can be used with 
adjustable or continuous loop cortical fixation 
devices, especially if the posterior wall is incom-
petent. If the tunnel remains larger than the graft 
after cortical fixation, or a defect remains from 

a b

Fig. 9.2 Computed tomography (CT) scan with three-dimensional reconstructions of a distal femur. The white arrow 
in images (a) and (b) identify the femoral tunnel, which is placed too anterior and vertical
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the screw removal, an interference screw or bone 
graft can also be placed into the tunnel. Grafts 
with bone blocks can also be used, either auto-
graft or allograft, with allograft providing the 
ability to obtain a larger bone block if needed to 
fill the prior tunnel. However, the authors’ pre-
ferred method is to avoid the use of allograft in 
primary or revision ACL reconstructions given 
the recent studies demonstrated increased failure 
rates with allograft tissues [7, 10, 11].

 Type 1B

In many instances, the prior tunnel is placed so 
far anteriorly or vertically that a new tunnel can 
be placed without addressing the prior tunnel 
(Fig.  9.3). A recent case series of the MARS 
cohort detailed drilling an entirely new femoral 
tunnel in 82% of cases [15]. If the prior tunnel is 
widened or enlarged, bone graft or an interfer-
ence screw can be placed into the tunnel to fill the 
void and avoid collapse between the two 
tunnels.

A very common scenario in revision cases 
occurs when the prior tunnel is not quite ana-
tomic and will overlap with the new tunnel. In 
this situation, the “divergent tunnel” technique 
should be employed. This involves drilling the 
new tunnel in a divergent angle to the previous 

tunnel to minimize tunnel overlap [1]. If the tun-
nel aperture becomes significantly widened due 
to the overlap, several options exist intraopera-
tively to address this issue. One option includes 
bone grafting the previous tunnel with autograft, 
allograft bone chips, allograft bone graft substi-
tute, or allograft bone dowels. This option pro-
vides stability of the bone graft with the ability to 
drill a new tunnel through the bone graft [2, 3]. 
Another option includes placing a large interfer-
ence screw in the anterior aspect of the widened 
tunnel and diverging its trajectory from the tun-
nels to allow bony fixation of the screw.

If significant widening of the tunnel is present, 
there are three options: the over-the-top (OTT) 
procedure, one-stage bone grafting, or two-stage 
bone grafting. The definition of “significant tun-
nel widening” is up for debate. While some 
authors suggest greater than 14 mm as a “rule of 
thumb,” recent literature has demonstrated con-
cern for inferior results with single-stage revi-
sions with index tunnels greater than 12.5-mm 
diameter [21]. The OTT procedure can be an 
effective single-stage option in these cases and 
includes creating a trench in the anatomic foot-
print of the femur to allow graft healing. The 
graft is passed from the tibia to posterior to the 
lateral femoral condyle and through the postero-
lateral capsule and secured to the lateral femoral 
condyle with a staple, bicortical screw, or another 

a b

Fig. 9.3 Intraoperative photos of an incorrect tunnel 
position. In image (a), the white arrow identifies the prior 
tunnel that was placed anterior and vertical, while the 
black arrow demonstrates the planned position of the new, 

anatomic femoral tunnel. In image (b), the white arrow 
points to the prior tunnel, which does not diverge nor 
overlap with the new anatomic femoral tunnel
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suspensory fixation device. This technique avoids 
the need for a femoral tunnel and allows the graft 
to heal along the trench in the femur along the 
posterior cortex of the lateral femoral condyle 
(Fig.  9.4). A recent systematic review demon-
strated comparable outcomes between OTT ACL 
reconstruction and traditional ACL reconstruc-
tion in the primary and revision setting [16].

 Type 2

A two-stage procedure is indicated for poorly 
placed tunnels that don’t allow a new, anatomic 
tunnel to be created, tunnel widening is so sig-
nificant on both the tibia and femur that over-the- 
top procedure or one-stage bone grafting are not 
feasible, or significant infection. The two-stage 
procedure involves an initial bone grafting proce-
dure, or in the case of infection multiple debride-
ments followed by bone grafting, and allowing 
the bone graft to fully heal before the subsequent 
revision ACL-R. At the initial surgery, hardware 
is removed from the tunnels, and the tunnels are 
debrided of all soft tissue and sclerotic bone. 
Bone graft is impacted into the tunnels. The 
source of bone graft can be autograft from the 
tibia or iliac crest, allograft, or synthetic graft. 

Following the primary bone grafting procedure, 
the patient is followed clinically for 3–4 months 
to allow the bone graft to fully incorporate. 
Repeat radiographs and CT scan are taken at the 
3–4-month mark to ensure adequate healing and 
incorporation. If the bone grafts have not fully 
incorporated, the patient should continue to be 
followed clinically with repeat imaging studies in 
1–2 months to ensure adequate incorporation.

 Conclusion

Managing femoral tunnels and hardware in the 
ACL revision setting can be challenging and 
requires meticulous preoperative planning and 
surgical technique. The combination of a full 
series of radiographs, a CT scan with 3D recon-
structions, and both current and prior MRIs will 
facilitate the revision surgery. This includes iden-
tification of prior tunnel placement and hardware, 
as malposition or widening of the femoral tunnel 
may alter surgical technique. Hardware in many 
cases can be left in place, but one must always 
have hardware removal sets available for every 
surgery. The treating surgeon should attempt a 
single-stage revision when possible. Lastly, the 
revision surgery should possess the necessary 

a b

Fig. 9.4 Magnetic resonance imaging (MRI) of over-the-top (OTT) anterior cruciate ligament (ACL) reconstruction. 
Images (a) and (b) are coronal and sagittal images, respectively, of a healed OTT ACL reconstruction
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repertoire of surgical techniques to address any 
pathology they may encounter during revision 
surgery, including bone grafting, over-the-top 
technique, and utilizing various fixation 
techniques.
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Managing the Tibial Tunnel 
in Revision Anterior Cruciate 
Ligament (ACL) Reconstruction

Matthew J. Craig and Travis G. Maak

When evaluating preoperative imaging, tunnels 
should be evaluated for both appropriateness of 
their position and widening. When viewed on 
plain lateral X-ray, the tibial tunnel should be 
roughly parallel to the slope of the intercondylar 
roof, and the aperture should be just posterior to 
the intersection of Blumensaat’s line and the tibia 
(Fig. 10.1) [1, 2]. The tibial aperture of the ACL 
should be located at 43% of the distance of the 
Amis and Jakob line [3–5]. A tibial tunnel placed 
too anteriorly may result in graft impingement in 
the intercondylar notch in full extension which 
can result in loss of extension, development of a 
cyclops lesion, and graft injury [6]. A tibial tun-
nel placed too posteriorly may impinge on the 
PCL and cause loss of knee flexion. This poste-
rior position may also result in a vertical graft 
orientation and rotational instability with a posi-
tive pivot shift. Excessive medial or lateral place-
ment of the tibial tunnel may result in notch 
impingement and damage to the chondral sur-
faces of the medial and lateral tibial plateaus. 
Excessive lateral placement of the guide pin dur-
ing tibial tunnel reaming may also result in a sig-
nificant decrease in the attachment area and 
ultimate failure strength of the lateral meniscus 
anterior root [7].

Grossly malpositioned tunnels can often allow 
for new independent tunnel drilling. While this is 
commonly performed with femoral tunnels, it is 
less common for the tibia, as gross tibial tunnel 
malposition is restricted by tibial cartilage and 
anterior and posterior meniscal roots. 
Nevertheless, a partially malpositioned tibial tun-
nel presents a significant challenge for a single- 
stage revision ACL reconstruction [8].

If the tibial tunnel is anatomically positioned 
with minimal tunnel widening (<100% of the 
original tunnel with the tunnel measuring <16–
20 mm in all directions) and good bone quality, a 
single-stage revision can be considered [9]. In 
this setting, prior fixation hardware can be 
removed directly or with a through-reaming tech-
nique. The tunnel can then be reused. Fluoroscopic 
imaging can help identify the location of metal 
implants which can then be removed, while 
absorbable implants may need to be removed or 
reamed though to facilitate tunnel preparation 
and graft passage. A complete debridement of old 
graft material, implants, and fibrotic debris 
should be performed to establish a circumferen-
tial healthy bone interface to facilitate optimal 
graft incorporation.

If preoperative imaging demonstrates an ana-
tomic intra-articular tibial tunnel aperture, but the 
tunnel is too short, a funnel technique can be con-
sidered. This technique creates a new tunnel by 
utilizing the original intra-articular footprint of 
the index reconstruction while creating a new 
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extra-articular orientation. The tibia offers a sig-
nificant amount of anteromedial bone that allows 
for drilling this new tunnel. The outside in tech-
nique used on the tibial side also allows for pre-
cise control when setting your new extra-articular 
entry point. The new extra-articular starting point 
on the tibia should ideally be at least 2.5 cm distal 
to the joint line and halfway between the tibial 
tubercle and posteromedial corner of the tibia 
[10]. However, this ideal point may be modified 
depending on the prior reconstruction entry point 
and the graft type selected for the revision recon-
struction. The angle of the tibial ACL guide 
should be adjusted to ensure optimal graft-tunnel 
length matching, particularly in the setting of 
bone-patellar tendon-bone revision graft 
selection.

Technical note Tibial tunnel position and length 
are crucial when considering revision graft selec-
tion, as graft-tunnel mismatch is a significant 
concern when selecting bone-patellar tendon- 

bone (BTB) as a revision graft choice. While the 
benefits of low re-rupture rates have been well 
documented when revision ACL reconstruction is 
performed with BTB autograft, this selection 
affords less surgical flexibility regarding tibial 
tunnel length. Graft selection such as hamstring 
autograft or allograft in which the soft tissue 
component of the graft is present in the tibial tun-
nel provides increased flexibility for tibial tunnel 
length, but this flexibility must be balanced with 
a potentially increased risk of graft selection 
related re-rupture.

Once the ACL tibial guide is appropriately 
positioned to ensure adequate tunnel length and 
aperture entry, the guide pin should be intro-
duced. Notably, when employing the funnel tech-
nique, the previous tunnel aperture is maintained, 
and thus the guide pin may not be adequately 
controlled during reaming when tunnel conver-
gence occurs at the aperture. To prevent reamer 
migration, a clamp can be used to secure the pin 
while reaming the new tunnel.

a b

Fig. 10.1 Schematic (a) and plain lateral radiograph (b) demonstrating the optimal tibial tunnel parallel to the slope of 
the intercondylar roof with the aperture just posterior to the intersection of Blumensaat’s line and the tibial plateau
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Technical Note Tibial tunnel reaming may be 
achieved with a variety of different reamer types 
including straight and acorn reamers. It is the 
senior author’s preference to utilize straight 
reamers during revision ACL reconstruction as 
the shaft of the straight reamer affords more sta-
bility to the reamer and minimizes asymmetric 
reaming that may occur with acorn reamers when 
they encounter convergence with the prior tibial 
tunnel.

Occasionally, pre-existing hardware may be 
encountered during reaming and can be removed 
at this time. Otherwise, prior hardware can often 
be left in place. The bone bridge created between 
the two tunnels may allow for aperture fixation; 
however, if there are concerns about fixation 
quality, secondary post fixation should be 
considered.

In situations where the tibial tunnel is posi-
tioned too anteriorly, it is often possible to drill a 
new tibial tunnel that is posterior to the malposi-
tioned tunnel. If convergence of the tunnel sites 
occur at the aperture, it is often acceptable pro-
vided the posterior aspect of your new tunnel is 
located anatomically. The intra-articular trajec-
tory of the graft ensures that the graft will posi-
tion posteriorly in the tunnel and into an anatomic 
position.

A tibial tunnel that is located too posteriorly is 
more challenging. Creation of a new tunnel ante-
rior to the malpositioned tunnel with a separate 
aperture may result in anterior tunnel malposition 
and subsequent graft impingement and failure. 
Utilizing the funnel technique will result in con-
vergence of the tunnel sites at the aperture. Unlike 
an anteriorly malpositioned tunnel, in this case, 
the graft will fall posterior into the malpositioned 
tunnel and thus remain malpositioned. If desired, 
a single-stage reconstruction can be performed in 
this situation using structural allograft. In this 
setting, the index malpositioned tibial tunnel 
should first be identified. A complete debride-
ment and tunnel preparation should occur. 
Following this, the malpositioned tunnel should 
be filled with structural bone graft, such as femo-
ral head allograft dowel, with a secure press fit 
technique. Once bone grafting is completed, a 

new anatomic tibial tunnel can be drilled in an 
anterior, anatomic position. A new extra-articular 
starting point should be found, and the guide pin 
can be advanced to an anatomic position intra- 
articularly, and the new tunnel can then be cre-
ated. The structural bone graft serves as a bony 
block, preventing the graft from falling posterior 
into the previously drilled malpositioned tunnel. 
Alternatively, a two-stage procedure with bone 
grafting of the tibial tunnel followed by delayed 
reconstruction of the ACL can be performed 
(Fig. 10.2).

 Tibial Tunnel Widening in Revision 
Anterior Cruciate Ligament (ACL) 
Reconstruction

Multiple factors are thought to contribute to 
tunnel widening including mechanical factors 
such as improper graft placement, graft motion 
at the tunnel edge, and the bungee cord effect, 
while biological factors such as sterilization 
techniques, graft choice, implant material, and 
synovial fluid propagation have also been 
implicated [9, 11]. While the clinical implica-
tions of tunnel widening are not clear, enlarged 
tunnel management can present a significant 
challenge when proceeding with revision ACL 
surgery.

Widening may be underappreciated on X-rays. 
Given this, advanced imaging such as magnetic 
resonance imaging (MRI) or a computed tomo-
graphic (CT) scan should be considered to fur-
ther evaluate multiplanar tunnel characteristics. 
If the MRI does not allow for sufficient assess-
ment of tunnel positioning and widening, a sup-
plementary CT scan should be considered, as this 
will provide an optimal assessment of bony anat-
omy, the cross sectional area of the tunnels, and 
the amount of sclerosis [9, 12, 13].

Tunnel widening may also influence the graft 
choices in revision ACL reconstruction. Tunnel 
widening and poor bone stock can make it diffi-
cult to achieve the fit and fill fixation that ham-
string autograft and allografts require for optimal 
healing. However, soft tissue only graft options 
should be used cautiously in this case as they 
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have been associated with increased tunnel wid-
ening in some studies [9]. As an alternative, a 
bone-patellar tendon-bone (BTB) autograft (ipsi-
lateral or contralateral), Achilles tendon allograft, 

or BTB allograft could be considered. Revision 
surgery with autograft has been demonstrated to 
have a lower re-rupture rate and should be con-
sidered whenever possible [14–16].

a

b

Fig. 10.2 Anteroposterior and lateral plain radiographs 
(a) demonstrating a two-stage ACL reconstruction due to 
tunnel widening and posterior tibial tunnel position. Bone 
grafting of both femoral and tibial tunnels was performed 

followed by revision with BTB Autograft. Arthroscopic 
image (b) demonstrates an intra-articular aperture of the 
original tunnel in a far posterior position
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The clinical scenario of mild tunnel widening 
(<100% of tunnel width or under 10–15 mm in 
all planes) and an anatomic tunnel can often be 
managed with a large graft and/or suspensory 
fixation. If using a hamstring autograft, supple-
mentation with allograft can be considered to 
help increase the size of the graft and allow for a 
better fill of the widened tunnel. Hybrid grafts 
like this have been shown to have a lower re- 
rupture rate, 3.8%, than soft tissue allografts, 
5.4% (in a primary ACL setting) [17]. In this sce-
nario, aperture fixation should ideally be per-
formed with metal implants, as bioabsorbable 
implants have been associated with tunnel widen-
ing. However, if there is a concern about the qual-
ity of aperture fixation, a suspensory method of 
fixation can be used. While Achilles allografts 
have been well described in the management of 
widened femoral tunnels, they also offer an 
advantage when managing tibial tunnel widening 
given the large diameter of the tendinous portion 
of the graft and the ability to select a larger 
allograft size when necessary.

Multiple strategies have been described for 
the management of the mildly widened anatomic 
tunnel on the femoral side. The principles of 
these strategies can also be employed on the tib-
ial side, especially in scenarios where there are 
concerns about bone quality. The stacking inter-
ference screw technique involves removing the 
primary interference screw and drilling a new 
tunnel. Following this, the surgeon can then 
insert two interference screws into the widened 
tunnel to obtain appropriate fixation. Another 
alternative in this scenario is matchstick bone 
grafting which requires stacking of cortical 
allograft “matchsticks” in a widened tunnel prior 
to graft placement. A third option, and one fre-
quently employed by the senior author, includes 
the jumbo plug technique, in which a large struc-
tural allograft dowel is utilized to fill the prior 
tibial tunnel followed by new tunnel creation. 
This is followed by passage of the graft and inter-
ference screw placement. However, if there are 
any concerns about graft fixation using these 
techniques, a two-stage technique should be used 
as a poorly performed single-stage technique will 
have an increased failure rate.

Anteriorly malpositioned tunnel placement 
with or without expansion can often be managed 
with a single-stage technique with divergent 
drilling, a large graft, and/or suspensory tibial 
fixation (Fig. 10.3). A posteriorly malpositioned 
tibial tunnel with significant widening is most 
often optimally addressed with bone tunnel graft-
ing and staged reconstruction. In this scenario, 
the first stage involves removal of implants and 
debridement of the old graft and any fibrotic 
material within the tunnels. Multiple techniques 
for bone grafting have been described using mor-
selized autograft iliac crest, allograft bone chips, 
allograft bone matrix, and demineralized bone 
matrix. Structural bone grafting is another alter-
native that can be performed with the use of dow-
els from a femoral head allograft. The prior 
tunnels are sequentially reamed and debrided 
until good bleeding bone is seen, and the bone 
graft is then placed into the tunnels. The second 
stage of the procedure can occur 3–4  months 
after the first provided X-rays show good incor-
poration of the bone.

 Graft-Tunnel Mismatch 
with Revision Autograft BTB

In the revision ACL setting, allografts have been 
shown to have a higher re-rupture rate than auto-
grafts [14]. Autograft BTB has been shown in 
some studies to have the lowest re-rupture rate in 
the primary and revision setting and is the ideal 
graft choice when planning a revision ACL to 
minimize the risk of re-rupture [18–21].

When using a BTB graft, graft-tunnel mis-
match is an important issue that must be consid-
ered. Graft-tunnel mismatch may occur when in 
settings of patella alta or short tunnels due to a 
fixed BTB graft length. The transition to using a 
more anatomic femoral side tunnel has also 
resulted in shorter femoral tunnels compared to a 
transtibial technique which may also contribute 
to the mismatch problem [22]. This mismatch 
results in a prominent tibial bone plug that can 
compromise interference screw fixation, while a 
graft that is too short results in blind placement of 
the tibial interference screw which can result in 
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Fig. 10.3 Anteroposterior and lateral plain radiographs 
(a, b) and sagittal plane T2 and T1 magnetic resonance 
images (c, d) demonstrate an ACL graft rupture with tun-
nel positions that allowed a single-stage revision ACL. The 
index tibial tunnel is positioned anterior but can be modi-
fied with single-stage bone grafting and convergent ream-
ing into a more anatomic position. The femoral hardware 

may be removed, and a divergent tunnel technique was 
employed to create an anatomic femoral tunnel. 
Anteroposterior and lateral postoperative plain radio-
graphs demonstrate revision of an allograft ACL rupture 
with hamstring autograft using interference screw and 
backup post tibial fixation given the convergent tibial tun-
nel technique (e, f)

a b

c d
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screw divergence, graft laceration, or intra- 
articular penetration. Soft tissue grafts, such as 
hamstrings, quad tendon, and Achilles allograft, 
are not susceptible to this problem as they are not 
fixed length grafts and can be shortened to the 
desired length.

The issue of graft-tunnel mismatch is further 
complicated in the revision setting as the tibial 
tunnel that is placed during the index ACL must 
be adequate in length and position to support a 
BTB graft. The length of the tunnel has already 
been set, and there is less flexibility so more care-
ful preoperative and intraoperative planning is 
essential. Preoperatively, a careful examination 
of imaging should evaluate the position and 

length of the tibial tunnel. It is also important to 
use the Insall-Salvati and Blackburne-Peel meth-
ods and evaluate for patella alta and baja. Patella 
alta may result in a longer graft, while patella 
baja may result in a shorter graft that may have 
inadequate intra-articular length. The preopera-
tive MRI can also be used to measure the length 
of the central third of the patella tendon. If the 
patient has significant patella baja, an alternative 
graft may need to be considered.

While imaging may give you an approximate 
length, it is critical to re-evaluate the length of the 
tunnel and patella tendon graft intraoperatively 
before proceeding with any graft harvest. If consid-
ering using an BTB allograft, a positive correlation 

e f

Fig. 10.3 (continued)
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between height and intra-articular length of the 
graft has been seen, so matching the allograft to the 
patient’s height and sex may help decrease the risk 
of graft-tunnel mismatch [23, 24]. If the existing 
tibia tunnel appears to be inadequate to support a 
BTB graft, a two-stage revision with bone grafting 
is required if a BTB graft is the graft of choice. 
Alternatively, a soft tissue graft can be used.

The length of the BTB graft is composed of 
the femoral bone plug, tibial bone plug, and the 
patellar tendon connecting soft tissue compo-
nent. The femoral bone plug should ideally sit 
flush with the femoral tunnel aperture when using 
interference screw fixation. Recessing the graft 
up to 15 mm has shown no significant differences 
in KT-1000 measurements at 12  months, while 
others have shown in a cadaveric model that 
10 mm of recession may lead to impingement of 
the graft, graft abrasion, and eventual failure [25, 
26]. Therefore, the length of the tibial bone plug 
and soft tissue component of the graft should be 
equal to the intra-articular length of the graft and 
the length of the tibial tunnel. The intra-articular 
distance of the graft is approximately 30  mm 
[27–29]. When trying to anticipate graft-tunnel 
mismatch, the following pre-op planning tech-
nique is useful [30]. If the patella tendon compo-
nent of the graft measures 45 mm, 15 mm of soft 
tissue will be in your tibial tunnel in addition to 
the tibial bone plug. A 20–25-mm interference 
screw should be used on the tibial side to obtain 
adequate interference fixation [30]. Using a 
patella tendon length of 45  mm, if we use a 
25-mm femoral bone plug with 30 mm of intra- 
articular soft tissue graft, we need a tibial tunnel 
length of at least 40–15 mm of residual patella 
tendon graft +25 mm of tibial bone plug for an 
interference fit [30].

However, it is important to remember that in 
the revision setting, the length of the graft will be 
unique to the individual and you will not have the 
ability to alter the tibial tunnel length. A careful 
preoperative estimate of the patella tendon length 
should be performed, and the above formula can 
then be used to estimate the length of the needed 
tibial tunnel which can then be compared to the 
patient’s tunnel. This process should be repeated 
intraoperatively before the graft is harvested. The 
senior author recommends identifying the tibial 

tunnel, placing a guidewire up the tunnel until it 
is flush with the intra-articular surface, and mea-
suring the actual length of the tibial tunnel. The 
length of the patella tendon graft should then be 
measured, and an appropriate fit should be con-
firmed prior to harvest.

If proceeding with a two-stage ACL revision, 
there will be more control over the length of the 
tibial tunnel as you will be drilling a new, inde-
pendent tunnel. In this setting, there are strategies 
that have been described for a primary ACL that 
may help avoid graft-tunnel mismatch. The 
“graft  – 50” formula described by Kenna esti-
mates the tibial tunnel length by measuring the 
total graft length and subtracting 50 mm (20 mm 
femoral bone plug +30 mm intra-articular graft) 
to give the ideal tibial tunnel length [31]. Another 
popular method is the “N+” class. The N+ 7 for-
mula describes adding 7 to the length of the soft 
tissue component of the graft to determine the 
angle of tibial tunnel drilling, while others have 
proposed a N + 10 formula for tibial tunnel guide 
angle [32, 33]. The N + 2 formula adds 2 mm to 
the length of the patella tendon to estimate the 
tibial tunnel length [34]. Intraoperatively, the 
tibial tunnel length is set by the tibial ACL guide. 
Generally, the tibial tunnel guide should be set 
between 45° and 65°. With each added degree of 
inclination, the tunnel lengthens by 0.68 mm [30, 
35]. On average, setting the tibial tunnel guide to 
55° results in a tunnel length of approximately 
45–50  mm [35, 36]. At angles lower than 45°, 
there is a significant risk of having too short a 
tunnel with bone block protrusion. Angles greater 
than 65° may result in posterior tibial tunnel 
placement and failure [37].

The decision to use a BTB graft for the revi-
sion ACL results in significantly less flexibility in 
accepting varied tunnel and socket lengths. If 
preoperative or intraoperative assessment of graft 
and tunnel length suggests the potential for a sig-
nificant graft tendon mismatch, it may be more 
optimal to proceed with a two-stage revision than 
risk poor graft placement and fixation. Another 
alternative is to change your graft choice to a soft 
tissue graft as this offers more flexibility with 
graft and tunnel length.

Intraoperatively, if you find yourself encoun-
tering graft-tunnel mismatch, the following strat-
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egies are options to help navigate this problem. A 
deeper femoral socket can be drilled and fixed, or 
adjustable loop suspensory fixation on the femo-
ral side can be used. Biomechanical data has 
shown similar tensile strength and failure load, 
while clinical data has shown good outcomes 
with suspensory fixation with BTB grafts [38–
42]. Another strategy in this setting is to proceed 
with two incisions outside in fixation on the fem-
oral side using aperture fixation or post fixation. 
If considering an extra-articular tenodesis, such 
as a Lemaire, it’s important to consider that a 
two-incision technique may also compromise the 
starting point or fixation for the tenodesis.

If the tibial bone plug is larger than the femoral 
bone plug by an amount greater or equal to the 
amount of prominent tibial plug distally, and the 
intra-articular portion of the graft is equal to the 
soft tissue component, the orientation of the plugs 
can be reversed [30]. An additional method to 
consider is rotation of the graft. Rotation between 
540° and 630° has been shown to decrease graft 
length by 10–25%, but there is concern this may 
increase graft strain and lead to eventual failure 
[43–45]. Trimming the remaining tibial bone 
block and using a shorter interference screw is 
another alternative. Fixation strength of an inter-
ference screw can be preserved as long as there is 
at least 10 mm of bone in the tunnel.

If there is a more significant mismatch >12 mm, 
the free bone block transfer technique can be con-
sidered. The tibial bone plug is removed from the 
graft and slid proximally. A running locking stitch 
is then placed in the distal graft to pull tension 
while an interference screw is placed. Another 
alternative, the screw and post, is to use the same 
construct, but distal fixation is achieved via a 
screw and washer. Finally, a trough technique can 
also be considered. The bone plug is left in place 
and a distal osseous trough is created. Staples are 
then used to fix the plug into the trough.

If preoperative evaluation of the MRI suggests 
a patella tendon length greater than 60  mm, a 
single tibial plug technique can be considered. A 
tibial bone plug of 20–25 mm is harvested from 
the tibia, while on the patella, the tendon is 
removed from the inferior pole with a 10–15-mm 
periosteal strip. Aperture interference screw fixa-
tion is achieved on the femoral side, while a soft 

tissue screw is used for fixation on the tibial side. 
This fixation can be backed up with an anchor or 
screw and washer [46]. Care must be taken to 
appropriately evaluate the length of the patella 
tendon as there is a risk of having too short of a 
graft with a tendon length <60 mm.

While less common, there are occasions where 
the graft may be too short. In these situations, a 
nonmetallic screw can be used and inserted 
deeper. However, there is a risk of divergent 
screw placement or injury to the graft with this 
technique. An alternative is to use post fixation 
on the tibial side.

Tibial tunnel management in revision ACL fre-
quently presents unique challenges. For tunnels 
with anatomic apertures with short or long 
lengths, funnel drilling techniques can be 
employed with good success. Anteriorly placed 
tunnels can often be managed with a new, more 
posteriorly directed tunnel, while posteriorly 
placed tunnels represent a greater challenge that 
may require single- or two-stage revision with 
bone graft. Slightly widened tunnels that are ana-
tomic can often be managed with a larger graft, 
while malpositioned tunnels may need a  two- stage 
procedure. When using a BTB graft, the existing 
tibial tunnel must be adequate in length to accept 
a graft, otherwise a two-stage procedure or alter-
native graft choice is recommended.

 Example Cases

 Case #1

A 31-year-old female soccer player presented to 
clinic with right knee pain, instability, and an 
effusion after a soccer injury. She had a history 
of a right knee ACL reconstruction done 14 years 
prior to her recent injury. Her physical exam 
demonstrated a 1+ effusion, range of motion 
−5/0/100, a 2B Lachman, 1+ anterior drawer, 1+ 
pivot shift, negative posterior drawer, and nega-
tive posterior sag. Initial X-rays demonstrated an 
anteriorly placed femoral tunnel and a posteri-
orly positioned tibial tunnel (Fig.  10.4a, b). 
Slight widening of the tibial tunnel and the pos-
terior position are demonstrated on the CT scan 
(Fig. 10.5). Given the position of the tibial tun-
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a b
Fig. 10.4 Antero posterior 
and lateral plain 
radiographs (a, b) 
demonstrate ACL graft 
rupture with significant 
posterior tibial tunnel 
positioning and vertical 
femoral tunnel position

Fig. 10.5 Sagittal computed tomographic scan 
demonstrates the significant posterior tibial 
tunnel position of the ACL almost to the level of 
the PCL insertion with anterior tibial subluxation
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nel, a single-stage bone grafting with femoral 
head allograft was performed for the tibial tun-
nel followed by funnel technique drilling of a 
new tibial tunnel, a new anatomic femoral tunnel 
was drilled with a divergent technique, and an 
Achilles allograft was selected due to tunnel 
widening. Postoperative X-rays are seen in 
Fig. 10.6a, b.

 Case #2

A 20-year-old female soccer player presented to 
clinic with continued right knee pain, instability, 
and decreased motion after an ACL reconstruc-
tion performed using hamstring autograft supple-
mented with allograft 2 years ago. Her physical 
exam demonstrated no effusion, ROM 5/0/145, a 

a b

Fig. 10.6 (a, b) Anteroposterior and lateral postoperative 
plain radiographs demonstrate a single-stage tibial and 
femoral tunnel bone grafting followed by convergent tib-
ial tunnel and divergent femoral tunnel reaming tech-
nique. Notably, in this case a concomitant MCL 

reconstruction was performed using interference femoral 
fixation and spiked soft tissue washer tibial fixation. 
Aperture fixation was utilized in isolation for the ACL 
revision reconstruction
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2A Lachman, 2+ pivot shift, negative posterior 
drawer, and negative posterior sag. Initial X-rays 
demonstrated a short, anterior, and medially posi-
tioned tibial tunnel and a slightly vertical anteri-
orly placed femoral tunnel (Fig.  10.7a, b). 
Intraoperatively, the tibial tunnel was found to 
involve the anteromedial aspect of the tibial pla-
teau (Fig.  10.8a), while the femoral tunnel was 
anteriorly placed, and the decision was made to 

proceed with a two-stage ACL revision. Extensive 
debridement of the prior tunnels was performed, 
and femoral head allograft dowels were used for 
bone grafting (Fig. 10.8b). Four months later, a 
second-stage revision was performed with BTB 
autograft. A significant amount of fibrocartilage 
fill was seen at the site of the grafted tibial tunnel 
(Fig.  10.9). Postoperative X-rays are seen in 
Fig. 10.10.

a b

Fig. 10.7 (a, b) Anteroposterior and lateral plain radiographs demonstrate a short, anterior, and medially positioned 
tibial tunnel
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a b

Fig. 10.8 (a, b) Arthroscopic images demonstrate a tibial 
tunnel aperture positioned through the anteromedial tibial 
plateau articular cartilage medial to the medial tibial spine 

(a). Bone grafting of the tibial tunnel with femoral head 
allograft dowels was utilized (b)

Fig. 10.9 Arthroscopic image obtained 5  months post 
bone grafting at the time of staged revision ACL recon-
struction demonstrates excellent fibrocartilaginous fill of 
the medial tibial plateau at the location of the prior tibial 
tunnel aperture
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Management of Medial-Sided 
Ligamentous Laxity 
and Posteromedial Corner

Robert S. Dean, Jorge Chahla, 
Nicholas N. DePhillipo, Jill K. Monson, 
and Robert F. LaPrade

 Anatomy and Function

Medial collateral ligament (MCL) knee injuries 
are closely linked to participation in sports such 
as soccer, American football, ice hockey, and ski-
ing. Because participation in these activities con-
tinues to increase, the incidence of MCL injuries 
continues to grow [1, 2]. In order to understand 
injuries to the medial aspect and posteromedial 
corner (PMC) of the knee, it is important to 
appreciate the local anatomy.

The medial and PMC primarily act to prevent 
valgus motion of the knee. The PMC extends 
from the medial aspect of the patellar tendon to 
the medial border of the gastrocnemius tendon. It 
has five major structures, the superficial MCL 
(sMCL), deep MCL (dMCL), posterior oblique 
ligament (POL), oblique popliteal ligament 
(OPL), and posterior horn of the medial meniscus 
(PHMM) [3]. Additionally, the semimembrano-
sus and its respective expansions provide dynamic 
stability to the PMC. The bony anatomy of the 
medial aspect of the knee is formed by the medial 
femoral condyle and the medial tibial plateau, 

which articulate in a convex on concave fashion 
(Fig.  11.1). This inherently stable articulation 
helps facilitate healing of the MCL concurrent 
with its dense vascularization [3].

The superficial medial collateral ligament 
(sMCL) is the largest structure of the medial 
aspect of the knee and serves as the primary 
restraint to valgus forces. The femoral attach-

R. S. Dean · J. K. Monson · R. F. LaPrade (*) 
Twin Cities Orthopedics, Edina, MN, USA 

J. Chahla 
Midwest Orthopaedics at RUSH, Chicago, IL, USA 

N. N. DePhillipo 
Twin Cities Orthopedics, Edina, MN, USA 

Oslo Sports Trauma Research Center, Oslo, Norway

11

Fig. 11.1 Sagittal magnetic resonance image depicting 
the convex on concave articulation of the medial knee
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ment is centered approximately 3.2  mm proxi-
mal and 4.8  mm posterior to the medial 
epicondyle. These landmarks are particularly 
important during reconstructive procedures. 
There are two distinct tibial attachments. The 
proximal tibial attachment is found directly over 
the anterior arm of the semimembranosus, 
approximately 11.2 mm distal to the joint line. 
The distal tibial insertion attaches directly to the 
medial aspect of the tibia, 61.2 mm distal to the 
joint line. In total, the sMCL is approximately 
9–10 cm in length and is the largest structure on 
the medial aspect of the knee (Figs.  11.2 and 
11.3) [3].

The deep medial collateral ligament (dMCL) 
is essentially a thickening of the medial joint cap-
sule. It is deep and mildly adherent to the 
sMCL. The dMCL has a distinct meniscofemoral 
portion that attaches distal and deep to the femo-
ral attachment of the sMCL. It also has a menis-
cotibial portion that is much shorter and thicker, 
which attaches just distal to the edge of the artic-
ular cartilage of the medial tibial plateau [3].

The posterior oblique ligament (POL) con-
sists of three fascial attachments: the superficial, 
central, and capsular arms. They course from the 
distal aspect of the semimembranosus tendon and 
travel longitudinally across the joint line. The 
POL attaches on the femur 7.7 mm distal and 6.4 
posterior to the adductor tubercle and 1.4  mm 
distal and 2.9 mm anterior to the gastrocnemius 
tubercle [3–5]. These anatomical landmarks are 
particularly important as the POL is reconstructed 
during anatomic reconstruction of the PMC. The 
superficial arm of the POL blends with the cen-
tral arm proximally, and distally it courses paral-
lel to the posterior aspect of the sMCL until it 
blends with the distal tibial expansion of the 
semimembranosus and its respective tibial attach-
ment [3, 6]. The central arm of the POL is the 
largest and strongest of the fascicles and origi-
nates from the distal aspect of the semimembra-
nosus tendon. During its course, the central arm 
provides reinforcement for both the meniscofem-
oral and meniscotibial portions of the posterome-
dial capsule, with a robust attachment to the 
medial meniscus. Anteriorly, the central arm 

Fig. 11.2 Dissection of the major structures of the medial 
knee with the pes tendons reflected. sMCL superficial 
medial collateral ligament, MM medial meniscus, SM 
semimembranosus, P pes tendons

Fig. 11.3 Dissection of the major structures of the medial 
knee. AT adductor magnus tendon, MPFL medial patello-
femoral ligament, ME medial epicondyle, MGT medial 
gastrocnemius tendon, SM semimembranosus, sMCL 
superficial medial collateral ligament, MM medial menis-
cus, MPML medial patellomeniscal ligament, MPTL 
medial patellotibial ligament, PT patellar tendon
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merges with the sMCL. The capsular arm of the 
POL originates off the distal aspect of the semi-
membranosus tendon, just posterior and lateral to 
the meniscofemoral capsular attachments of the 
central arm. This arm primarily blends with the 
posteromedial joint capsule and the medial aspect 
of the OPL. Moreover, it has lesser attachments 
to the medial gastrocnemius tendon, the adductor 
magnus tendon expansion, and the adductor mag-
nus tendon femoral attachment site. Of note the 
capsular arm has no osseous attachment site. 
Functionally, the POL provides both static and 
dynamic resistance to valgus forces and has a 
secondary role to prevent posterior tibial transla-
tion (Fig. 11.4) [3].

The semimembranosus tendon bifurcates just 
distal to the joint line and forms anterior and 
direct arms. The direct arm inserts distally into a 
small groove just distal to the tuberculum tendi-
nis, which lies posterior to the medial tibial crest. 
The anterior arm passes deep to the POL and 
attaches to the tibia in an oval fashion, just distal 
to the joint line and deep to the proximal tibial 
attachment of the sMCL. The anterior branch of 
the tendon blends with the capsular arm of the 
POL, which then merges with the posteromedial 
joint capsule with a reported attachment to the 
posterior inferior margin of the PHMM [3, 7, 8]. 
The distal border of the semimembranosus bursa 
can be found along the proximal edge of the tibial 
attachment site of the direct arm. The semimem-

branosus bursa is found medial to the anterior 
arm of the semimembranosus tendon, until the 
anterior arm attaches to the posteromedial aspect 
of the tibia.

The oblique popliteal ligament (OPL) is a 
broad fascial band that courses longitudinally 
across the posterior aspect of the knee. It arises 
from the capsular arm of the POL and the lateral 
expansion of the semimembranosus tendon and 
extends laterally until reaching its two attach-
ment sites. The proximal and lateral attachment 
site is to an osseous or cartilaginous fabella, the 
meniscofemoral portion of the posterolateral 
joint capsule and the plantaris muscle. The distal 
and lateral attachment location is just lateral to 
the posterior cruciate ligament and distal to the 
posterior root attachment of the lateral meniscus 
on the tibia. The average length of the OPL has 
been reported to be 48 mm (Fig. 11.4) [3].

The posterior horn of the medial meniscus 
(PHMM) is intimately associated with the pos-
teromedial capsule, the POL, and the semimem-
branosus tendon expansion. Together, these 
structures form a cascade-type system in which 
the function of each structure is dependent on 
the neighboring structures. The posteromedial 
capsule has an average reported length of 
21.3  mm, whereas the PHMM has an average 
length of 20.2  mm and is essentially confluent 
with the entire length of the posterior capsule 
[8]. The posterior horn is stabilized further by 
the meniscotibial portion of the dMCL which 
helps prevent anterior tibial translation. The 
PHMM is the most important weightbearing 
portion of the meniscus [3].

The medial gastrocnemius tendon is rarely 
injured, which makes it an important surgical 
landmark. The medial gastrocnemius originates 
from a small depression just proximal and adja-
cent to the gastrocnemius tubercle at an osseous 
prominence located over the posteromedial edge 
of the medial femoral condyle [3]. The tendon 
courses posterior to the sMCL and deep to the 
semimembranosus tendon. Distally, this tendon 
extends to form the muscle belly of the medial 
gastrocnemius muscle (Fig. 11.5) [3].

The adductor magnus tendon attaches at a 
small bony depression 3  mm posterior and 

Fig. 11.4 Dissection of the posterior knee. One can visu-
alize the course of the posterior oblique ligament (POL) 
along the posterior aspect of the knee. OPL oblique pop-
liteus ligament, PCL posterior cruciate ligament, F fibula; 
Wrisberg, ligament of Wrisberg
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2.7 mm proximal to the adductor tubercle. This is 
rarely injured, and thus it is usually used as an 
anatomical reference for medial-sided recon-
structions. Additionally, it has a thick fascial 
attachment which extends posteriorly from the 
distal aspect of the tendon to attach to the proxi-
mal aspect of the medial gastrocnemius tendon 
and posteromedial joint capsule [3].

The vastus medius obliquus (VMO) has its 
primary origin from the adductor tubercle in 
addition to lesser origins from the adductor mag-
nus tendon and the medial intermuscular septum. 
The distal border of the VMO has an intimate 
relationship with the proximal edge of the medial 
patellofemoral ligament (MPFL) as they course 
together until reaching the patella at which point 
the fibers of the VMO begin to merge into the 
quadriceps tendon (Fig. 11.5).

The pes anserinus tendons attach at the antero-
medial aspect of the proximal tibia. From proxi-
mal to distal, the tendons attach in the following 
order: sartorius, gracilis, and semitendinosus. 
Collectively, they form the roof of the pes anser-
ine bursa, which can be implicated in a variety of 
pathologies (Fig. 11.6) [9].

The saphenous nerve is the largest cutaneous 
branch of the femoral nerve and arises from the 
femoral nerve between the gracilis and semiten-
dinosus tendons. The saphenous nerve further 

branches into the infrapatellar branch just distal 
to the adductor canal [10, 11]. The infrapatellar 
branch of the saphenous nerve provides sensory 
innervation to the proximal part of the lower leg, 
the anteroinferior part of the knee joint capsule, 
and the anterior aspect of the knee. It courses 
either posterior or anterior or through the main 
saphenous nerve [12].

The medial superior and inferior genicular 
arteries are both found on the medial aspect of 
the knee. The superior medial genicular artery 
originates from either the superficial femoral 
artery or popliteal artery and joins with the supe-
rior lateral genicular artery slightly superior to 
the patella and just anterior to the quadriceps ten-
don [13, 14]. The inferior medial genicular artery 
originates from the popliteal artery and courses 
deep to the sMCL between its two tibial attach-
ment sites below the medial tibial plateau. From 
there, it rises on the anterior aspect of the tibial 
plateau where it forms and anastomoses with the 
peripatellar anastomotic ring [14].

 Biomechanics

Although the medial aspect of the knee contains 
numerous structures, the sMCL, dMCL, and POL 
serve as the primary functional static stabilizers. 
Collectively, their main function is to resist val-
gus forces, with secondary roles in resisting 
internal and external rotation and resisting ante-
rior and posterior tibial translation [15, 16]. 

Fig. 11.5 Dissection of medial knee with knee flexed. P 
patella, PT patellar tendon, VMO vastus medius obliquus, 
GT medial gastrocnemius tendon, AMT adductor magnus 
tendon, SM semimembranosus

Fig. 11.6 Medial dissection of a left knee demonstrating 
the anatomical location of the pes tendons (hamstring 
tendons)
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Biomechanical studies have shown that in a 
MCL-deficient knee, the ACL has secondary 
 valgus stabilizing responsibilities and faces a 
185% increase in tension with the application of 
a valgus force [17]. As such, MCL stability and 
functionality have an integral role in preventing 
ACL graft failure following reconstruction [18].

The proximal division of the sMCL is the pri-
mary static stabilizer to valgus rotation at 0–90°. 
Further, at 90° of flexion, it acts as a secondary 
stabilizer to external rotation, and at 0–90°, the 
proximal aspect of the sMCL is a secondary sta-
bilizer against internal rotation [15, 19]. The dis-
tal division acts primarily on rotational 
stabilization, as it is the primary stabilizer against 
external rotation when the knee is at 30° of flex-
ion, and internal rotation at 20–90° of flexion 
[15]. Previous literature has reported that the 
mean load at failure for the sMCL with the intact 
femoral and distal tibial attachments is 
557 N. Mean load at failure is 88 N for the intact 
femoral and proximal tibial divisions of the 
superficial MCL.

The meniscofemoral division of the dMCL, 
which is the most common location for structural 
failure of the dMCL, provides primary stability 
against internal rotation at 20–90° and secondary 
external rotational stability at 30° and 90° [4, 19]. 
Further, the meniscofemoral division provides 
valgus stabilization at 0–90° and secondary inter-
nal rotational stability at 0–30°. The meniscotib-
ial arm of the dMCL functions as a secondary 
valgus stabilizer at 60° of flexion and a stabilizer 
against internal rotation at 0–90° of flexion. 
Collectively, the average load at failure for the 
dMCL was 100.5 N [19].

The POL is the primary restraint to internal 
rotation and acts as a secondary stabilizer against 
valgus force [15]. Further, the POL has a minor 
role in resisting anterior and posterior tibial rota-
tion [15]. In sectioning studies, the average load 
at failure for the POL was 256.2 N [19].

 Case Presentation: Subjective

Patient is a 65-year-old female that presented to 
clinic with chronic right knee pain and instability. 

The patient has a past medical history significant 
for right knee ACL reconstruction 2 years prior 
with a different surgeon. The patient notes that at 
that time she fell off a ladder and her right leg got 
caught in the ladder; she felt her knee bend 
inward. At that time, she was diagnosed with a 
combined ACL and MCL tear. Her ACL was 
reconstructed acutely, and her MCL tear was 
managed conservatively with a hinged knee 
brace. Upon current presentation, she reports sig-
nificant functional limitations when not wearing 
the knee brace. Her pain and side-to-side instabil-
ity are significantly impacting her ability to do 
work around the house and attend fitness classes.

 Mechanism of Injury and Clinical 
Presentation

Patients with medial knee injuries usually present 
after having sustained a valgus stress to the knee, 
typically in the setting of contact or sport. As 
such, it is essential to obtain a thorough injury 
history, including inciting events, chronicity, and 
the reported localization of the symptoms. They 
typically have localized pain and swelling along 
the meniscofemoral or meniscotibial division of 
the MCL. For patients with severe, grade III, full- 
thickness sMCL ruptures, they typically have 
side-to-side instability with a valgus thrust on 
gait analysis and may have difficulty with physi-
cal activity [20].

The physical exam can be highly diagnostic 
for a MCL tear, particularly in the acute setting. 
Care should be taken to inspect the skin for any 
signs of abrasions, lacerations, contusions, or 
localized swelling [3]. Next, the clinician should 
palpate the joint, making sure to individually pal-
pate the meniscofemoral and meniscotibial divi-
sions of the medial structures of the knee. In 
addition to the classic knee exam to rule out con-
comitant injury, there are several medial knee- 
specific clinical exam maneuvers to consider. 
The valgus stress test is performed when a valgus 
force is applied to the knee in full extension and 
also at 20°. The medial joint line should be pal-
pated to help estimate the amount of medial com-
partment gapping. Typically, increased medial 
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compartment gapping in full extension is charac-
teristic of a more significant injury with a  possible 
cruciate ligament tear. Valgus stress testing at 20° 
predominately isolates the sMCL. The anterome-
dial drawer test is performed with the knee flexed 
to 90° and the foot external rotated 10°. In this 
position, a coupled anterior and external rotary 
force is applied to the knee. An increased amount 
of anteromedial rotation during this test height-
ens the suspicion for an injury to the distal aspect 
of the sMCL, POL, and meniscotibial portion of 
the dMCL.  Finally, the dial test should also be 
performed at both 30° and 90° of knee flexion. 
The dial test is considered positive when there is 
greater than 15° of increased external rotation 
compared to the contralateral limb at both 30° 
and 90°. Of note, it is important for the clinician 
to perform this test while palpating the joint and 
with the patient in both the supine and prone 
positions to help differentiate between a postero-
lateral corner injury, posteromedial corner injury, 
and meniscal root tear [20]. It is also essential to 
assess gait on patients with suspected medial-
sided instability.

Further, medial-sided knee injuries can pres-
ent secondary to ACL deficiency. In sectioning 
studies, Lujan et al. [21] reported that after sec-
tioning the ACL, the load on the MCL was sig-
nificantly larger at peak anterior translation, 
while the tension was not significantly affected 
after a valgus applied force [21]. Specifically, at 
30° of flexion with anterior translation, the load 
on the MCL was significantly greater. This con-
clusion suggests that ACL deficiency can contrib-
ute to medial-sided laxity and should be addressed 
in order to prevent increased load on the MCL.

 Case Presentation: Physical Exam

On physical examination, the patient had a 1+ 
Lachman’s test. Her valgus stress test at 30° was 
a 3+, and at full extension, she had 2+ valgus 
gapping. Her anteromedial drawer test was nor-
mal. Her dial test demonstrated approximately 
20° of side-to-side difference at both 30 and 90°. 
The patient had an obvious valgus thrust gait 
when not wearing a hinged knee brace.

 Diagnosis and Imaging

Any suspicion for medial knee injury, either 
acute or chronic, warrants bilateral physician- 
applied valgus stress radiographs. Typically, 
these are performed with the knee at 20° flexion 
with a foam bolster under the knee. With a 10 N 
clinician-applied valgus stress, the radiographs 
are assessed for side-to-side differences com-
pared to the normal contralateral knee in medial 
compartment gapping [20]. LaPrade et  al. [22] 
reported that at 20° an isolated grade III sMCL 
tear results in 3.2 mm of increased side-to-side 
medial compartment gapping. A complete tear of 
the sMCL, dMCL, and POL resulted in 9.8 mm 
of increased side-to-side medial compartment 
gapping at 20° [22]. Valgus stress radiographs are 
particularly valuable in the chronic setting when 
the results of the clinical exam are unclear [20]. 
Further, they are particularly of value as the 
results are both objective and reproducible 
(Fig. 11.7).

Standard anteroposterior and lateral radio-
graphs should also be obtained to assess for con-
comitant fracture or avulsions. Avulsions near the 
native attachment sites of the sMCL should 
increase the clinical suspicion for medial-sided 
instability. Additionally, the Pellegrini-Stieda 
syndrome, which is characterized by intra- 
ligamentous calcification in the region of the 
attachment sites of the sMCL, can be identified 
radiographically and addressed with either obser-
vation or surgical excision [23–25]. Further, full- 
length weightbearing radiographs should be 
obtained to assess for coronal plane limb align-
ment for chronic MCL tears because valgus 
alignment leads to an increased risk for medial 
instability. If valgus alignment is identified in 
chronic cases, alignment correction via osteot-
omy should be considered prior to or concurrent 
with surgical intervention for the medial soft tis-
sues because the grafts would otherwise be at risk 
of stretching out [26].

Magnetic resonance imaging (MRI) is also 
useful to help diagnose injuries to the medial 
knee, particularly in the acute setting. Generally, 
MR images have been reported to have an accu-
racy and sensitivity of 86% for diagnosing acute 

R. S. Dean et al.



147

grade III sMCL injures [27, 28]. Besides sMCL 
attenuation or increased signal intensities, clini-
cians should look for the presence of lateral com-
partment bone bruises which have been reported 
to be present in 45% of isolated sMCL tears [29]. 
Further, MRI can help diagnose concomitant 
knee injuries that may have a significant impact 
on medial-sided laxity and will compromise any 
potential surgical intervention (i.e., cruciate or 
meniscal pathology).

 Case Presentation: Imaging

On valgus stress radiographs at 20° of knee flex-
ion (Fig. 11.7), the patient had 11.6 mm of medial 
compartment gapping and 6.8 mm of increased 
side-to-side difference. Further, MRI results 
revealed the ACL graft was intact with mild wid-
ening of both femoral and tibial tunnels, there 
was mild lateral compartment osteoarthritis, she 
had a moderate knee effusion, and a chronic tear 

of the MCL was evident. Full-length weightbear-
ing radiographs demonstrated that the patient 
was in neutral alignment.

 Classification

The degree of MCL injury is most commonly 
classified by the amount of medial compartment 
gapping noted with the application of valgus 
stress, either subjectively on clinical exam or 
objectively on valgus stress radiographs. 
Subjectively, grade I injuries have medial knee 
tenderness with mild soft tissue swelling and no 
instability; grade I injuries have 1–5  mm of 
increased, side-to-side medial compartment 
opening. Grade II injuries have broad tenderness 
and partially torn medial structures; they have 
5–10 mm of increased, side-to-side medial com-
partment opening. Grade III injuries have com-
plete medial knee disruption with no clear 
endpoint on valgus stress examination with the 

Fig. 11.7 Stress radiographs used to identify medial 
knee laxity. The left image demonstrates 11.59  mm of 
medial gapping on pre-operative valgus stress testing. The 

image on the right is at 6 months post-operation and dem-
onstrates 8.36  mm of medial gapping on valgus stress 
radiographs
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knee at 20° of flexion; these injuries demonstrate 
greater than 10 mm of subjective increased, side- 
to- side medial compartment opening [26].

The objective radiographic classification of a 
complete isolated MCL tear is diagnosed when 
there is greater than 1.7 mm side-to-side gapping 
with the knee at 0° of flexion or greater than 
3.2 mm of gapping at 20° of flexion. Further, a 
complete medial knee tear (sMCL, POL, dMCL) 
is diagnosed with greater than 6.5 mm gapping 
with the knee at 0° flexion or greater than 9.8 mm 
gapping with the knee at 20° flexion [22].

 Case Presentation: Classification

Given the physical exam and corroborating imag-
ing results, the patient was diagnosed with a 
grade III, or complete, medial-sided injury. Given 
the literature and the findings on her stress radio-
graphs, it is likely that her sMCL, POL, and 
dMCL are each involved.

 Treatment Options

Precise identification of the tear location is imper-
ative in the treatment decision process. 
Recognizing the specific injury location becomes 
important because tears involving the distal tibial 
attachment site of the sMCL have been reported 
to be less likely to heal with conservative manage-
ment [30–32]. Further, injuries that present with 
medial compartment gapping when the knee is in 
full extension are likely more significant with 
either grade III sMCL or concomitant cruciate or 
meniscal injury. These injuries are less likely to 
heal with conservative management [15, 22].

 Conservative Management

Almost all isolated grade I or II sMCL injuries 
can initially be treated conservatively, particu-
larly those that occur in the acute setting [5, 33]. 
Furthermore, treatment of isolated sMCL tears 
has been reported to provide good or excellent 
subjective patient-reported outcomes as defined 

by the Hospital for Special Surgeries Knee Score 
[34–38]. Cast immobilization in these types of 
patients should be avoided to prevent residual 
stiffness and to encourage ligament healing. 
Animal models have reported that immobiliza-
tion of the collateral ligaments has detrimental 
effects on their cellular metabolism [39, 40].

Non-operative intervention with physical ther-
apy begins with symptom management, which 
includes relative rest, cryotherapy, joint compres-
sion, and early range of motion (ROM) in a 
varus-valgus constrained knee brace. Early ROM 
is desirable because it has been found to promote 
increased collagen proliferation and organization 
that contribute to increased tissue strength while 
simultaneously avoiding the deleterious effects 
of immobilization (ground substance leaching at 
ligament attachment sites and decreased biome-
chanical properties of the ligament) [41, 42]. 
Patients may be restricted to partial weightbear-
ing in the early stages of treatment if they are 
unable to walk without a limp or experience 
increased symptoms of joint pain and/or swelling 
with gait. The brace is worn with gait to mini-
mize valgus or rotational stress through the 
medial knee. Early goals are to create a protective 
environment for healing, reduce joint irritability 
(pain and swelling), and gradually restore full 
joint range of motion, a strong volitional quadri-
ceps activation, and normal functional movement 
patterns. Electrical stimulation to the quadriceps 
muscle is beneficial early on, because it is effec-
tive in over-riding the volitional quadriceps acti-
vation deficit that occurs secondary to knee 
ligament injury [43, 44]. Hamstring muscle acti-
vation and strengthening should be phased in 
gradually, as the medial hamstring’s insertion 
proximity to the zone of injury may contribute to 
pain and irritation with heavy resisted training. A 
gradual and progressive muscle training program 
for quadriceps and hamstring muscles, as well as 
the other large muscle groups of the hip and 
lower limb, should be conducted, graduating 
from muscular activation to endurance, hypertro-
phy, strength, and finally power exercises. 
Postural stability and balance should be addressed 
to improve limb and trunk motor control and 
reduce the risk of reinjury [45]. Sport-specific 
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training progressions may be implemented as 
individual muscle strength testing and athletic 
performance measures (Y-balance, hop testing) 
demonstrate first >80% limb symmetry index 
(LSI) and eventually >90% LSI. Objective test-
ing should guide decision-making for progres-
sions through higher levels of physical therapy as 
well as decision-making regarding return to sport 
participation and competition [46–48]. Studies 
have reported that a structured, progressive, and 
goal-based rehabilitation protocol results in 
excellent long-term subjective results in patients 
[48]. Conservative treatment can also be consid-
ered in patients with grade III tears that reside in 
neutral or slightly varus alignment [5]. However, 
more severe injuries, particularly those distal to 
the joint line, are less likely to succeed with con-
servative management.

 Biological Augmentation

The literature regarding the use of biological 
agent augmentation in the setting of MCL injury 
is controversial. Yoshioka et al. reported signifi-
cantly increased ultimate load and a trend toward 
improved stiffness in unrepaired rabbit MCLs at 
6  weeks post-injury treated with a single PRP 
injection when compared to a no PRP control 
group. Of note, this study included only three 
subjects per cohort, and the control group 
included separate subjects rather than the contra-
lateral limb [49]. Similarly, da Costa et  al. 
reported significant increases in tensile strength 
following PRP injection compared to saline 
injection at either 3 or 6 weeks in rats with grade 
III MCL tears [50]. Further, two clinical case 
reports describe positive outcomes for the treat-
ment of acute isolated MCL tears following three 
sequentially spaced PRP injections within 
1 month. The patients reported return to sport at 
18 days and 31 days post-injury [51, 52].

Conversely, LaPrade et  al. demonstrated no 
significant improvement in healing of 160 rabbit 
MCLs following experimentation with varying 
concentrations of platelets. This study demon-
strated that PRP at four times blood concentra-
tion levels negatively affected both strength and 

histological appearance of the damaged tendon at 
6 weeks post-injury [53]. Similarly, Amar et al. 
reported no significant difference with the use of 
PRP in acute MCL injury after analysis at 
3 weeks post-operation in rats [54].

 Operative Treatment

Failed conservative management of sMCL tears, 
or chronic medial-sided laxity, can result in 
debilitating, persistent instability, ACL dysfunc-
tion, weakness, and progression/development of 
osteoarthritis. In these cases, surgical interven-
tion is usually the most appropriate next option. 
A number of surgical techniques have been 
described: direct suture repair of the sMCL and 
POL [55], primary repair with augmentation 
[56], advancement of the tibial insertion site of 
the superficial medial collateral ligament [57], 
pes anserinus transfer [58], proximal advance-
ment of the superficial medial collateral ligament 
[59], non-anatomic reconstruction techniques 
[60], and anatomic reconstruction techniques 
[61]. The surgical options discussed in the cur-
rent chapter will focus on the current authors’ 
preferred technique.

 Case Presentation: Treatment 
Decision

Given the patient’s severe instability and 2 years 
of failed conservative management, the current 
authors recommended surgical reconstruction of 
the PMC.  This involved reconstruction of the 
sMCL and POL using the surgical technique 
described in the current chapter.

 Authors Preferred Operative 
Treatment

 Anatomic Reconstruction, Double 
Bundle

Coobs et  al. [61] developed, and biomechani-
cally validated, an anatomical reconstruction of 
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the PMC by reconstructing the proximal and dis-
tal fascicles of the sMCL and POL using two 
independent grafts and four total bone tunnels: 
two femoral and two tibial tunnels [61]. Soft tis-
sue (hamstrings or anterior tibialis) allografts or 
gracilis and semitendinosus autografts are the 
preferred graft choices for this technique. On 
average, the sMCL graft should be 16  cm in 
length, and the POL graft should be 12  cm in 
length. The original technique describes a single 
anteromedial incision, but other adaptations use 
three smaller incisions for this procedure. The 
first step is to identify the distal insertion of the 
sMCL on the tibia. It can be found deep to the 
pes anserinus bursa, approximately 6 cm distal 
to the joint line. Once the tibial footprint is iden-
tified, the hamstring tendons can be harvested if 
desired. After graft harvesting, a pin is placed 
transversely across the tibia 6  cm distal to the 
joint line, and a 7 mm tunnel is reamed to a depth 
of 25 mm. Next the central arm of the POL is 
located at the posteromedial tibia, slightly ante-
rior to the insertion of the semimembranosus 
tendon and at the posterior margin of the anterior 
arm. With the footprint located, a pin is placed in 
an oblique direction toward Gerdy’s tubercle, 
followed by a 7 mm tunnel reamed to a depth of 
25 mm.

Next, attention is turned to the femur. 
Identification of key anatomic landmarks on the 
femur may require fluoroscopy to assist with 
proper identification [62]. In order to accurately 
identify the femoral landmarks, one should first 
identify the distal attachment of the adductor 
magnus tendon. The adductor magnus tendon is 
utilized to dissect down to and identify the adduc-
tor tubercle, and because it is rarely injured, it has 
been called “the lighthouse of the medial aspect 
of the knee.” From there, the medial epicondyle 
can be identified 12.6  mm distal and 8.3  mm 
anterior to the adductor tubercle. The sMCL 
attachment site is 3.2 mm proximal and 4.8 pos-
terior to the medial epicondyle (Fig. 11.8). Once 
identified, an eyelet pin is placed anterolaterally 
across the distal thigh, but the tunnel should not 
be reamed until the femoral footprint of the POL 
is also identified in order to avoid tunnel conver-
gence. The POL attachment site is 7.7 mm distal 
and 2.9 mm anterior to the gastrocnemius tuber-

cle. This can be more easily identified if the pos-
teromedial capsule is torn off the femur, but if 
this is still intact, a small incision can be made 
just posterior to the remnants of the sMCL, verti-
cally and into the joint to identify its femoral 
attachment site. Once the POL attachment site is 
identified, an eyelet passing pin can be placed, 
and both femoral tunnels can be reamed with a 
7 mm reamer to a depth of 25 mm.

 Anatomic Augmented Surgical Repair 
with Semitendinosus Tendon 
Autograft

For the sMCL augmentation repair technique 
alone, after superficial medial dissection, the 
semitendinosus tendon is identified at its tibial 
attachment for graft harvesting. The tendon is 
then anchored to the tibia at the dMCL distal 
attachment site (approximately 6 cm distal to the 
joint line) [3] using both suture anchors and addi-
tional sutures to reattach the graft to the underly-
ing remnant of the distal sMCL. The graft is then 
passed proximally, deep to the intact sartorius 
fascia, to the femoral attachment site of the 
sMCL. At this anatomic footprint, a femoral tun-
nel is reamed with a 7 mm reamer to a depth of 
25  mm. The free end of the graft is then mea-
sured, and 3 cm of the graft is whipstitched to fit 
this tunnel. The graft is then fixed using screw 
fixation, while a 60  N traction force is applied 
with the knee at 20° of flexion, in neutral rota-
tion, and a slight varus force. Finally, a suture 

Fig. 11.8 Image showing the anatomical location of the 
femoral insertion of the superficial medial collateral liga-
ment identified during reconstruction
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anchor is used to anatomically restore the proxi-
mal tibial division of the sMCL, 12 mm distal to 
the joint line, directly over the anterior arm of the 
semimembranosus [3, 61–64].

 Multistage Surgical Management

When valgus alignment is identified on full- 
length weightbearing radiographs for chronic 
PMC tears, surgeons should consider a two-stage 
intervention, with an osteotomy prior to surgical 
intervention for the soft tissue laxity to correct 
the alignment to neutral [65]. One biomechanical 
study demonstrated a 36% reduction in the 
amount of medial compartment gapping with the 
application of a valgus force following a lateral, 
opening-wedge distal femoral osteotomy for the 
correction of a valgus deformity [66].

 Rehabilitation

Early post-operative range of motion with physi-
cal therapy has been shown to decrease stiffness 
[20, 45]. Specific rehabilitation protocols are 
dependent on the concomitant surgical proce-
dures, but isolated PMC reconstruction rehabili-
tation entails non-weightbearing with crutches 
and the use of a stabilizing knee brace for the first 
6  weeks post-operatively. During this time, 
patients should undergo intensive physical ther-
apy with focus on pain and swelling reduction, 
passive to active assisted knee range of motion, 
and quadriceps activation exercises [67–70]. 
Compared to non-operative management, post- 
operative rehabilitation is more restricted in the 
early recovery period to honor soft tissue trauma 
associated with surgery and protect the joint for 
adequate healing at bone tunnel and suture graft 
fixation sites. Goals for therapy progression and 
return to activity/sport are similar to those of the 
non-operative management pathway, but with 
delayed timeframes. Assuming progressive func-
tional milestones are met, including passing the 
Sport Performance TRAC Testing (Testing for 
Return to Athletic Competition), patients with 
isolated PMC injuries are expected to return to 

sport 6–9 months following PMC reconstruction. 
The step-by-step milestones for MCL rehabilita-
tion are provided in Fig. 11.9.

 Outcomes

Historically, repairs were the preferred surgical 
technique, but recently it has been recognized 
that reconstructions are associated with less fail-
ures and allow for earlier knee motion which 
reduces the subsequent risk of arthrofibrosis. 
Clinical outcomes following surgical repair of 
PMC injuries in the setting of multiligament knee 
injuries have been reported to demonstrate a fail-
ure rate of 20%, compared to a failure rate of 4% 
with reconstruction techniques [71].

Kim et al. [72] described clinical outcomes of 
non-anatomic reconstructions of the PMC using 
a semitendinosus autograft with a preserved tib-
ial attachment in a 24-patient case series. They 
reported a reduction from 7.8 mm of medial com-
partment opening on valgus stress radiographs to 
less than 2 mm post-operatively in 91.7% (22/24) 
of patients. Further, they reported IKDC scores 
graded as normal or nearly normal (IKDC grade 
A or B) in 92% of patients and mean post- 
operative Lysholm score of 91.9 [72]. Ibrahim 
et  al. [73] also performed non-anatomic recon-
structions of the sMCL in 15 patients, 5 of which 
demonstrated 1+ residual valgus laxity at average 
43-month follow-up [73]. In 61 patients with 
grade III or IV medial instability at the time of 
surgery, Lind et al. [74] reported a 98% normal or 
nearly normal medial stability and reported a 
91% satisfaction rating with non-anatomic recon-
struction at 2-year follow-up [74].

Other studies used a non-anatomic double 
bundle technique to reconstruct isolated sMCL 
injuries. Post-operatively, Liu et al. [75] reported 
a relative increase of 1.1 mm in side-to-side dif-
ference on stress radiographs, but excellent sub-
jective patient-reported outcomes scores 
post-operatively, and Dong et  al. [76] reported 
anteromedial rotary instability in 9.4% of 
patients, with an average of 2.9 mm of residual 
side-to-side medial compartment opening on 
stress radiographs [73, 74].

11 Management of Medial-Sided Ligamentous Laxity and Posteromedial Corner



152

Weeks

0

36

Phase 1

Phase 3

Muscular Strength

Weeks 10-20+

Phase 5

Return to Play

Weeks 20+

Phase 2

Muscular Endurance

Weeks 8-12

Phase 4

Muscular Power

Weeks 16-24

ROM/Muscular Initiation

Weeks 0- 8

Goals:

Progression Criteria:

1- Control effusion and pain
2- Maintain full extension

Goals:
1- Resume normal stair climbing
2- Proper mechanics with closed kinetic
    chain lower extremity activities

Goals:
1- Independent with execise program
2- Demonstrate good self- awareness of
    proper lower extremity alignment during
    high- level drills

1- Resolution of joint effusion
2- Restoration of full ROM

Progression Criteria:
1- Quadriceps index >80%
2- Anterior reach on Y-Balance test <8 cm
    difference compared to uninvolved side

Progression Criteria:
1- Y-Balance test score >94%
2- Quadriceps Index >90%

4- Straight leg hop series >90%

3- Modified agility T-test >90% of uninvolved
    side

3- Knee flexion >115 degrees

Goals:

Progression Criteria:

1- ROM without knee extension lag
2- Normal gait machanics

1- 90 second hold in single leg squat position at
    45 degrees of knee flexation

3- Normalization of walking speed & distance

Goals:

Progression Criteria:

1- Demonstrate self awareness of proper lower
     extremity alignment with closed kinetic chain
     and impact drills

1- Y-Balance anterior reach test <50 cm difference
     compared to uninvolved side.

4- Reactivation quadriceps
5- Straight leg raise with no lag
6- Patellofemoral mobility

Fig. 11.9 Step-by-step rehabilitation milestones
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Outcomes for biomechanically validated ana-
tomic reconstruction techniques [61] have been 
generally very positive. LaPrade and Wijdicks 
reported on 28 patients who had single-stage ana-
tomic reconstructions of the PMC (POL and 
sMCL), with concurrent cruciate ligament recon-
struction. Patients reported improved subjective 
IKDC scores, and all patients demonstrated reso-
lution of side-to-side medial instability at 2-year 
follow-up. On valgus stress radiographs, there was 
improvement from 6.3 mm to 1.3 mm in side-to-
side medial compartment gapping [20]. The most 
common reported complications for anatomic 
reconstruction techniques include deep implant 
removal, persistent pain, superficial wound infec-
tion, joint stiffness, and arthrofibrosis [67, 77, 75].

 Case Presentation: Follow-Up

At her most recent 3-month follow-up, the patient 
reported being able to walk without a limp. Her 
follow-up stress radiographs demonstrated 
0.7 mm of side-to-side difference in medial com-
partment gapping. Her physical examination was 
significant only for a mild effusion in her right 
knee. The patient was instructed to return to 
clinic in 3 months.

 Management in Concomitant 
Cruciate Injury

Management for patients with medial knee inju-
ries and concomitant cruciate injury is controver-
sial. Moreover, this is a particularly important 
topic as it has been reported that 78% of patients 
with grade III MCL injuries have a concomitant 
cruciate injury [76, 78]. Of note, a previous study 
reported that in patients with combined sMCL 
and ACL tears, confirmed operatively, 95.7% 
(22/23) of patients were also found to have a POL 
injury [79].

Previous studies report positive outcomes fol-
lowing delayed ACL reconstruction with early 
MCL surgical management and subsequent reha-
bilitation to regain valgus stability [80]. 
Conversely, biomechanical analysis suggests that 

in the ACL-deficient knee, there is increased ten-
sion on the MCL with 30° of flexion and anterior 
translation suggesting that ACL deficiency may 
compromise the MCL graft [21]. Further analysis 
demonstrates that both persistent anteromedial 
rotatory instability and valgus instability lead to 
increased forces on the ACL suggesting that 
reconstructing the ACL in isolation with a defi-
cient MCL may compromise the ACL graft. As 
such, the majority of literature supports operative 
treatment of complete PMC injuries at the time of 
cruciate ligament reconstruction, especially for 
those patients with residual valgus laxity after 
non-operative management of medial knee injury 
[19, 80–85].

In the case of combined PCL and MCL injury, 
it is important to surgically reconstruct all dam-
aged ligaments in the acute setting, with thor-
ough exploration of the PMC structures [16]. 
Specifically, the POL plays an important role in 
the stability of the PCL, and failure to address 
any injury to this structure of the PMC could 
compromise the PCL reconstruction [86].

 Conclusion

Management of medial-sided ligamentous knee 
injuries includes both conservative and operative 
treatment, with anatomic reconstruction demon-
strating both biomechanical validation and favor-
able clinical outcomes. Clinical examination and 
including the use of valgus stress radiographs and 
MRI allow for an appropriate diagnosis and clas-
sification of medial-sided knee ligament injuries. 
Despite the complexity of posteromedial corner 
injuries, relying on surgically relevant  anatomical 
landmarks is key for a successful surgical 
reconstruction.
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 Introduction

Combined anterior cruciate ligament and pos-
terolateral injury of the knee can result in signifi-
cant functional instability for the affected 
individual. Both components of the instability 
must be treated to maximize the probability of 
success for the surgical procedure. Higher failure 
rates of anterior cruciate ligament reconstruction 
have been reported when the posterolateral insta-
bility has been left untreated. There are varying 
degrees of posterolateral instability with respect 
to pathologic external tibial rotation and varus 
laxity. Surgical treatment of posterolateral insta-
bility (PLI) must address all components of the 
PLI (popliteus tendon, popliteofibular ligament, 
lateral collateral ligament, and the lateral- 
posterolateral capsule), the abnormal planes of 
motion, as well as other structural injuries [1–8]. 

Successful anterior cruciate ligament surgery 
depends upon recognition and treatment of con-
comitant posterolateral corner injuries.

 Surgical Anatomy

The function of the posterolateral corner is to 
resist varus stress, to resist posterior tibial transla-
tion near full extension, and to resist external tib-
ial rotation. The important structures responsible 
for posterolateral stability include the complex 
interaction of the fibular collateral ligament, the 
popliteus tendon, the popliteofibular ligament, the 
midlateral capsule, and the posterolateral capsule. 
The goal of posterolateral reconstruction surgery 
is to correct the abnormal patterns of motion 
about the knee by eliminating axial rotation, 
varus, and hyperextension instability [9–11].

 Classification of Posterolateral 
Instability of the Knee

Three types of posterolateral instability of the 
knee may be encountered: A, B, and C (4). These 
three types of posterolateral instability are deter-
mined by physical examination. Posterolateral 
instability includes at least 10  degrees of 
increased tibial external rotation compared to the 
normal knee at 30 degrees of knee flexion (posi-
tive dial test and external rotation thigh foot angle 
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test) and variable degrees of varus instability 
depending upon the injured anatomic structures 
(3). Posterolateral instability (PLI) type A has 
increased external rotation only, resulting from 
attenuation of the popliteofibular ligament, pop-
liteus tendon, and posterolateral capsule. PLI 
type B presents with increased external rotation 
and approximately 5–10 mm of increased lateral 
joint line opening with a soft end point to varus 
stress at 30-degree knee flexion compared to the 
normal knee. This occurs with attenuation or 
minor avulsion of the popliteofibular ligament, 
popliteus tendon, fibular collateral ligament, and 
midlateral and posterolateral capsule. 
Hyperextension compared to the normal knee 
may or may not be present. PLI type C presents 
with increased tibial external rotation, varus lax-
ity with no discernible end point, and hyperex-
tension compared to the normal knee. This occurs 
with major avulsion or disruption of the popliteo-
fibular ligament, popliteus tendon, fibular collat-
eral ligament, and midlateral and posterolateral 
capsule and often includes disruption of one or 
both cruciate ligaments.

The physical examination will vary depending 
on the type of posterolateral instability. All types 
of posterolateral instability will demonstrate 
increased external rotation compared to the 
patient’s uninjured knee; however, the degree of 
varus laxity will vary depending upon the sever-
ity of injury to the involved structures. Multiple 
physical examination tests should be utilized to 
determine the classification of pathologic motion 
because this will determine the surgical treatment 
[4, 10–16].

 Clinical Presentation

Patients with posterolateral instability will pres-
ent with functional instability during pivoting, 
twisting, cutting, and ambulation on uneven sur-
faces. These patients may present with postero-
lateral knee pain, lateral or medial joint line pain, 
and peroneal nerve symptoms which may include 
sensory and/or motor disturbances. Posterolateral 
instability patients may display abnormal gait 
patterns including a varus thrust during the stance 

phase of gait and hyperextension instability with 
heel strike.

Physical examination will demonstrate axial 
rotation laxity demonstrated with a positive dial 
test. Variable amounts of varus laxity and hyper-
extension may be present and are demonstrated 
by varus stress testing, the heel lift off test, and 
the hyperextension external rotation recurvatum 
test [3, 12–15].

Plain radiographs are usually negative; how-
ever, they may demonstrate capsular avulsion 
fractures, fibular head avulsion fractures, and 
malalignment in chronic cases. MRI is helpful in 
the acute posterolateral instability in conjunction 
with a good clinical examination. Arthroscopic 
evaluation of posterolateral instability compli-
ments the clinical examination and the MRI find-
ings demonstrating a positive drive-through sign 
and the floating meniscus sign indicating the 
location of structural injuries (14).

 Surgical Treatment Principles

The surgical treatment principles of posterolat-
eral reconstruction are reproducible. Peroneal 
nerve decompression is performed in each case, 
and the peroneal nerve is protected throughout 
the procedure. It is essential to identify the abnor-
mal planes of instability and to correct and elimi-
nate abnormal tibial external rotation, varus 
laxity, and hyperextension external rotation 
recurvatum. The midlateral and posterolateral 
capsule must always be addressed by either pri-
mary repair, capsular shift, or a combination of 
the two [6–8, 17–26]. Primary repair of all injured 
structures when possible combined with postero-
lateral reconstruction is more successful than pri-
mary repair alone [27, 28].

 Biomechanics of Surgical 
Reconstruction

The surgical reconstruction for posterolateral 
instability involves the creation of ligamentous 
substitutes positioned to resist varus rotation, 
posterolateral tibial rotation, and hyperextension 
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external rotation recurvatum. These procedures 
all involve the creation of structural bands from 
either the fibular head or the posterolateral corner 
of the tibia to the region of the lateral femoral 
epicondyle. Structural bands are created from 
existing structures, autografts, or allografts. It is 
important when planning a surgical reconstruc-
tion to understand the ligament length relation-
ships of the lateral knee so that tissues can be 
placed in near isometric positions and in posi-
tions of optimal mechanical advantage to resist 
varus rotation and posterolateral tibial rotation. 
Any injury to the midlateral and posterolateral 
capsule must also be addressed to ensure suc-
cessful posterolateral reconstruction [5, 29].

A study of the isometry of the lateral side of 
the knee investigated length relationships 
between the fibular head and the lateral aspect of 
the femur (30). In particular, this study demon-
strates that the entire fibular head is relatively iso-
metric to the lateral femoral epicondyle 
throughout a functional range of knee motion and 
that there is slightly improved isometry from the 
posterior aspect of the fibular head to the anterior 
aspect of the epicondyle and from the anterior 
aspect of the fibular head to the posterior aspect 
of the epicondyle. It should be noted that the iso-
metric region from the posterior aspect of the 
fibular head to the anterior aspect of the epicon-
dyle represents the anatomic position of the pop-
liteofibular ligament or the static portion of the 
popliteal tendon. The popliteofibular ligament is 
thus relatively isometric and can remain func-
tional through a full range of knee motion. The 
area from the posterolateral corner of the tibia to 
the lateral femoral epicondyle is not isometric. 
This region of attachment for a “popliteus bypass 
procedure” if tensioned near full extension will 
be supportive in that range but will become some-
what less supportive as the knee passes into 
greater angles of flexion. In the normal situation, 
this portion of the popliteus tendon is tensioned 
by an intact popliteus muscle belly. Because of 
the near isometric behavior of the popliteofibular 
ligament, it is important when reconstructing for 
posterolateral instability to include tissue in the 
position of the popliteofibular ligament. The 
reconstruction of the popliteofibular ligament can 

be performed either with a free graft or by the 
technique of biceps tenodesis. Wascher et  al. 
studied the effects of biceps tenodesis after a 
complete injury to the posterolateral corner (31). 
Under varus load and external tibial torque, teno-
desis (using a fixation point located 1 cm anterior 
to the femoral insertion of LCL) restored varus 
laxity and external tibial rotation.

During posterolateral reconstruction, tissue 
attached at the fibular head or the posterolateral 
corner of the tibia and routed to the lateral femo-
ral epicondyle will resist external tibia rotation as 
well as varus rotation. Tissue from the lateral 
femoral epicondyle to the posterior fibular head 
has a mechanical advantage over tissue from the 
epicondyle to the posterolateral corner of the 
tibia. If the axis of rotation of the tibia relative to 
the femur is considered to be near the PCL tibial 
attachment site, then the lever arm of graft attach-
ment to the posterior fibular head is greater by 
approximately 50% than that of a graft attached 
to the posterolateral tibia. A graft attached to the 
posterior fibular head is proportionately more 
effective in resisting posterolateral rotations. It is 
therefore appropriate that a posterolateral recon-
struction should in most instances include tissue 
from the posterior aspect of the fibular head to the 
lateral femoral epicondyle in the position of the 
popliteofibular ligament. In cases of acute tibio-
fibular joint disruption and cases with hyperex-
tension external rotation recurvatum deformity, it 
is necessary to also include tissue from the lateral 
femoral epicondyle to the posterolateral corner of 
the tibia as well as reconstruct the proximal tibio-
fibular joint [5, 7, 8, 17–19, 30].

 Surgical Timing 
and Decision-Making

Surgical timing in acute posterolateral instabil-
ity of the knee is dependent upon the severity of 
the injury [3, 4, 6, 14–19, 32–39]. Posterolateral 
instability (PLI) type A presents with increased 
external rotation only, resulting from attenua-
tion of the popliteofibular ligament, popliteus 
tendon, and posterolateral capsule. Surgical 
treatment of PLI type A can usually be per-
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formed within 3–4  weeks of the initial injury. 
PLI type B presents with increased external 
rotation and approximately 5–10  mm of 
increased lateral joint line opening with a soft 
end point to varus stress at 30-degree knee flex-
ion compared to the normal knee, and the varus 
laxity decreases as one approaches full exten-
sion. This occurs with attenuation or minor 
avulsion of the popliteofibular ligament, poplit-
eus tendon, fibular collateral ligament, and mid-
lateral and posterolateral capsule. 
Hyperextension compared to the normal knee 
may or may not be present. Surgical treatment 
of PLI type B also can usually be performed 
within 3–4 weeks of the initial injury.

PLI type C presents with increased tibial 
external rotation, varus laxity with no discernible 
end point, and hyperextension compared to the 
normal knee. This occurs with major avulsion or 
disruption of the popliteofibular ligament, poplit-
eus tendon, fibular collateral ligament, and mid-
lateral and posterolateral capsule and often 
includes disruption of one or both cruciate liga-
ments. PLI type C, in our experience, is typically 
treated with a staged surgical procedure, however 
can also be performed in the same setting. Stage 
1 is peroneal nerve decompression and neuroly-
sis and posterolateral primary repair and capsular 
procedure combined with posterolateral recon-
struction within the first 10  days of the injury. 
Stage 2 is cruciate ligament reconstruction 
approximately 4–6 weeks later.

The surgical timing scenario outlined here 
includes guidelines that may need to be altered 
based on the condition of the patient’s skin, 
nerves, blood vessel meniscus, articular carti-
lage, fractures, remote orthopedic trauma, and 
other organ system trauma. The timing of the 
knee surgery is to be considered within the con-
text of the patient’s overall health and condition 
[16, 18, 19].

The surgical decision-making concerning the 
posterolateral corner is dependent on the pathol-
ogy at the time and the planes of instability of the 
injured knee. In both acute and chronic cases, pri-
mary repair is performed when possible using 
suture anchors, sutures placed through bone tun-
nels, or screws and spiked washers. Primary 

repairs are then augmented with a posterolateral 
reconstruction procedure which has proven to be 
more effective than primary repair alone in pos-
terolateral instability [27, 28].

Split biceps tendon transfer is most successful 
in types A and B posterolateral instability when 
local autogenous tissue is required [5, 7, 8, 32–
36, 40–42]. This method of reconstruction is 
applicable in both the acute and chronic clinical 
scenario as long as the proximal tibiofibular joint 
is intact, the posterolateral capsular attachments 
to the common biceps tendon are intact, and the 
biceps femoris tendon insertion into the fibular 
head is intact.

Fibular head-based figure of eight posterolat-
eral reconstruction using allograft or autograft 
tissue is applicable in the acute and chronic situ-
ation and with type A, type B, and some type C 
posterolateral instability patterns. In the case of 
type C posterolateral instability, there must be a 
functionally adequate midlateral and posterolat-
eral capsule and the absence of hyperextension 
[5–8, 16–19, 32, 40, 43, 44].

Fibular head-based figure of eight posterolat-
eral reconstruction combined with a proximal 
tibia-based popliteus tendon bypass posterolat-
eral reconstruction is used in both the acute and 
chronic clinical scenarios. In addition, this com-
bined posterolateral reconstruction surgical pro-
cedure is utilized when there is disruption of the 
proximal tibiofibular joint, in posterolateral 
instability type C when there is inadequate mid-
lateral and posterolateral capsule, and when there 
is hyperextension compared to the normal knee 
demonstrated by the heel lift off test [5–8, 16–19, 
32, 40, 43, 44].

Regardless of the posterolateral reconstruc-
tion surgical procedure chosen, the midlateral 
and posterolateral capsule are always addressed 
with primary repair of injured capsular tissues, 
a capsular shift procedure, or a combination of 
the two in both the acute and chronic situa-
tions. Failure to address the capsule will result 
in residual posterolateral laxity. Lower extrem-
ity alignment is important for successful pos-
terolateral reconstruction, and osteotomy is 
utilized as necessary [5–8, 16–19, 32, 40, 41, 
43, 44].
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 Primary Repair Surgical Technique

When reconstructing chronic lateral and postero-
lateral instabilities, it is important to perform pri-
mary repair when possible. Primary repair of 
acute posterolateral knee injuries is most easily 
accomplished within the first 2–3  weeks post- 
injury when possible; however, it is possible to 
repair these injured tissues in very chronic cases 
as well. Injuries to the lateral side structures can 
occur as avulsion of soft tissue from bone at the 
femoral, tibial, or fibular head attachments; mid- 
substance interstitial disruption leaving the 
injured structures in continuity but elongated; 
and displaced fibular head fractures. Our pre-
ferred surgical technique for soft tissue avulsion 
from bone is direct anatomic repair of the injured 
structures using suture anchors and permanent 
braided suture or screw and ligament washer fix-
ation [12–15, 35, 36, 43, 44].

Displaced fibular head fractures cause pos-
terolateral instability because most of the lateral 
side supporting structures attach to the fibular 
head, and these structures are no longer able to 
resist varus stress. Also, when the fibular head 
displaces in a proximal direction, the lateral, pos-
terolateral capsule, and menisco-tibial ligaments 
are almost always avulsed from the tibia elimi-
nating the ability of these structures to resist 
varus stress. Our preferred surgical technique for 
treating displaced fibular head fractures is direct 
anatomic repair of the injured lateral, posterolat-
eral capsule, and menisco-tibial ligaments using 
suture anchors and permanent braided suture and 
anatomic open reduction and internal fixation 
with screw and washer of the displaced fibular 
head fracture. Additionally, suture fixation of a 
comminuted fracture can be performed using 
non-absorbable sutures via bone tunnels through 
the intact fibular head cortical bone.

 Biceps Tendon Transfer 
Posterolateral Reconstruction

There are two types of biceps tendon transfer 
procedures described: the full biceps tendon 
transfer and the split biceps tendon transfer. 

Although the full biceps tendon transfer pro-
cedure is very effective, the split biceps ten-
don procedure is advantageous because it 
saves the dynamic stabilizing effect of the 
biceps femoris muscle tendon complex [5, 7, 
8, 31–36, 40, 42].

The surgical technique for posterolateral 
reconstruction using the split biceps tendon 
transfer to the lateral femoral epicondyle recre-
ates the function of the popliteofibular ligament 
and lateral collateral ligament, tightens the pos-
terolateral capsule, and provides a post of 
strong autogenous tissue to reinforce the pos-
terolateral corner. The requirements for this 
procedure include an intact proximal tibiofibu-
lar joint, the posterolateral capsular attach-
ments to the common biceps tendon should be 
intact, and the biceps femoris tendon insertion 
into the fibular head must be intact [4, 5, 7–9, 
14, 24, 31–36, 40, 42].

A lateral hockey stick incision is made. 
Peroneal nerve decompression and neurolysis are 
performed, and the peroneal nerve is protected 
throughout the procedure. The long head and 
common biceps femoris tendon is isolated, and 
the anterior 2/3 is separated from the short head 
muscle. The tendon is detached proximally and 
left attached distally to its anatomic insertion site 
on the fibular head. The strip of biceps tendon 
should be 12–14 cm long. The iliotibial band is 
incised in line with its fibers, and the fibular col-
lateral ligament and popliteus tendon are exposed. 
A drill hole is made 1 cm anterior to the fibular 
collateral ligament femoral insertion.

A longitudinal incision is made in the lateral 
capsule just posterior to the fibular collateral liga-
ment. The split biceps tendon is passed medial to 
the iliotibial band and secured to the lateral femo-
ral epicondylar region with a screw and spiked 
ligament washer at the abovementioned point. 
The residual tail of the transferred split biceps 
tendon is passed medial to the iliotibial band and 
secured to the fibular head. The posterolateral 
capsule that had been previously incised is then 
shifted and sewn into the strut of transferred 
biceps tendon to eliminate posterolateral capsular 
redundancy, thus performing the posterolateral 
capsular shift procedure.
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 Biceps Tendon Procedure Results

 Combined PCL Posterolateral 
Reconstructions

Fanelli and Edson, in 2004, published the 2–10- 
year (24–120-month) results of 41 chronic 
arthroscopically assisted combined PCL/postero-
lateral reconstructions evaluated pre- and postop-
eratively using the Lysholm, Tegner, and Hospital 
for Special Surgery knee ligament rating scales, 
KT 1000 arthrometer testing, stress radiography, 
and physical examination (36). Posterior cruciate 
ligament reconstructions were performed using 
the arthroscopically assisted single femoral 
tunnel- single bundle transtibial tunnel posterior 
cruciate ligament reconstruction technique using 
fresh frozen Achilles tendon allografts in all 41 
cases. In all 41 cases, posterolateral instability 
reconstruction was performed with combined 
biceps femoris tendon tenodesis and posterolat-
eral capsular shift procedures.

Postoperative physical exam revealed normal 
posterior drawer/tibial step off for the overall study 
group in 29/41 (70%) of knees. Normal posterior 
drawer and tibial step offs were achieved in 91.7% 
of the knees tensioned with the Biomet Sports 
Medicine mechanical graft tensioner. Posterolateral 
stability was restored to normal in 11/41 (27%) of 
knees and tighter than the normal knee in 29/41 
(71%) of knees evaluated with the external rota-
tion thigh foot angle test. Thirty-degree varus 
stress testing was normal in 40/41 (97%) of knees 
and grade I laxity in 1/41 (3%) of knees.

The authors concluded that chronic combined 
PCL/posterolateral instabilities can be success-
fully treated with arthroscopic posterior cruciate 
ligament reconstruction using fresh frozen 
Achilles tendon allograft combined with postero-
lateral corner reconstruction using biceps tendon 
tenodesis combined with posterolateral capsular 
shift procedure [7, 8, 36]. Statistically significant 
improvement is noted (p = 0.001) from the preop-
erative condition at 2–10-year follow-up using 
objective parameters of knee ligament rating 
scales, arthrometer testing, stress radiography, 
and physical examination.

 Combined PCL ACL Reconstruction 
Without Mechanical Graft Tensioning

Fanelli and Edson, in 2002, published results of 
multiple ligament injured knee treatment without 
mechanical graft tensioning (35). This study pre-
sented the 2–10-year (24–120-month) results of 
35 arthroscopically assisted combined ACL/PCL 
reconstructions evaluated pre- and postopera-
tively using the Lysholm, Tegner, and Hospital 
for Special Surgery knee ligament rating scales, 
KT 1000 arthrometer testing, stress radiography, 
and physical examination.

This study population included 26 males, 9 
females, 19 acute knee injuries, and 16 chronic 
knee injuries. Ligament injuries included 19 
ACL/PCL/posterolateral instabilities, 9 ACL/
PCL/MCL instabilities, 6 ACL/PCL/posterolat-
eral/MCL instabilities, and 1 ACL/PCL instabil-
ity. All knees had grade III preoperative ACL/
PCL laxity and were assessed pre- and postoper-
atively with arthrometer testing, three different 
knee ligament rating scales, stress radiography, 
and physical examination. Arthroscopically 
assisted combined ACL/PCL reconstructions 
were performed using the single incision endo-
scopic ACL technique and the single femoral 
tunnel-single bundle transtibial tunnel PCL tech-
nique. PCLs were reconstructed with allograft 
Achilles tendon (26 knees), autograft BTB (7 
knees), and autograft semitendinosus/gracilis (2 
knees). ACLs were reconstructed with autograft 
BTB (16 knees), allograft BTB (12 knees), 
Achilles tendon allograft (6 knees), and autograft 
semitendinosus/gracilis (1 knee). MCL injuries 
were treated with bracing or open reconstruction. 
Posterolateral instability was treated with biceps 
femoris tendon transfer, with or without primary 
repair, and posterolateral capsular shift proce-
dures as indicated. A Biomet Sports Medicine 
graft tensioning boot was not utilized in this 
series of patients (Biomet Sports Medicine, 
Warsaw, Indiana).

Postoperative physical examination results 
revealed normal posterior drawer/tibial step off 
in 16/35 (46%) of knees, with normal Lachman 
and pivot shift tests in 33/35 (94%) of knees. 
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Posterolateral stability was restored to normal in 
6/25 (24%) of knees and tighter than the normal 
knee in 19/25 (76%) of knees evaluated with the 
external rotation thigh foot angle test. 30° varus 
stress testing was normal in 22/25 (88%) of knees 
and grade I laxity in 3/25 (12%) of knees. 30° 
valgus stress testing was normal in 7/7 (100%) of 
surgically treated MCL tears and normal in 7/8 
(87.5%) of brace-treated knees.

The conclusions of this study are that com-
bined ACL/PCL instabilities can be successfully 
treated with arthroscopic reconstruction of the 
cruciate ligaments and the appropriate collateral 
ligament surgery [7, 8, 35]. Statistically signifi-
cant improvement is noted from the preoperative 
condition at 2–10-year follow-up using objective 
parameters of knee ligament rating scales, 
arthrometer testing, stress radiography, and phys-
ical examination. Posterolateral stability was 
restored to normal in 6/25 (24%) knees and 
tighter than the normal knee in 19/25 (76%) 
knees evaluated with the external rotation thigh 
foot angle test (dial test). This indicated a 100% 
correction rate of pathologic external rotation. 
Thirty-degree varus stress testing was restored to 
normal in 22/25 (88%) knees and grade I laxity in 
3/25 (12%) knees. This indicates an 88% correc-
tion rate of pathologic varus laxity in these mul-
tiple ligament injured knees utilizing primary 
posterolateral repair combined with biceps femo-
ris tendon transfer and posterolateral capsular 
shift reconstruction. It was determined that biceps 
tendon transfer was not optimal for posterolateral 
instability type C.

 Fibular Head-Based Figure of Eight 
Posterolateral Reconstruction

Our most commonly utilized surgical technique 
for posterolateral reconstruction is the fibular 
head-based figure of eight procedure utilizing 
semitendinosus allograft or other soft tissue 
allograft material. This is a biomechanically 
sound and effective surgical procedure (30). This 
procedure requires an intact proximal tibiofibular 
joint and the absence of a severe hyperextension 
external rotation recurvatum deformity. This 

technique combined with capsular repair and 
posterolateral capsular shift procedures mimics 
the function of the popliteus tendon- 
popliteofibular ligament and lateral collateral 
ligament, tightens the posterolateral capsule, and 
provides a post of strong allograft or autograft 
tissue to reinforce the posterolateral corner. When 
there is a disrupted proximal tibiofibular joint, or 
severe hyperextension external rotation recurva-
tum deformity (PLI type C), a two-tailed (fibular 
head, proximal tibia) posterolateral reconstruc-
tion is performed in addition to the posterolateral 
capsular shift procedure [5–8, 15, 17–30, 32, 
43–45].

In acute cases, primary repair of all lateral side 
injured structures is performed with suture 
anchors, screws and washers, and permanent 
sutures through drill holes as indicated. The pri-
mary repair is then augmented with an allograft 
tissue reconstruction. Posterolateral reconstruc-
tion with the fibular head-based figure of eight 
posterolateral reconstruction surgical technique 
utilizes semitendinosus or other soft tissue 
allograft [17–19]. A curvilinear incision is made 
in the lateral aspect of the knee extending from 
the interval between Gerdy’s tubercle and the 
fibular head to the lateral epicondyle and then 
proximal following the course of the iliotibial 
band. A peroneal nerve decompression and neu-
rolysis are performed, and the peroneal nerve is 
protected throughout the procedure. The fibular 
head is identified, and a tunnel is created in an 
anterolateral to posteromedial direction at the 
area of maximal fibular head diameter.

The tunnel is created by passing a guide pin 
followed by a standard cannulated drill 7 mm in 
diameter. The peroneal nerve is protected during 
tunnel creation and throughout the procedure. 
The free tendon graft is passed through the fibu-
lar head drill hole. An incision is made in the ilio-
tibial band in line with the fibers exposing the 
lateral femoral epicondyle area of the distal 
femur. The graft material is passed medial to the 
iliotibial band for the fibular collateral ligament 
limb and medial to the common biceps tendon 
and iliotibial band for the popliteus tendon pop-
liteofibular ligament limb. The limbs of the graft 
are crossed to form a figure of eight with the fibu-
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lar collateral ligament component being lateral to 
the popliteus tendon component.

A 3.2 mm drill hole is made to accommodate 
a 6.5-mm-diameter fully threaded cancellous 
screw that is approximately 35–40 mm in length. 
The drill hole is positioned in the lateral epicon-
dylar region of the distal lateral femur so that 
after seating a 17–20 mm spiked ligament washer 
with the abovementioned screw, the washer will 
precisely secure the two limbs of the allograft tis-
sue at the respective anatomic insertion sites of 
the fibular collateral ligament and popliteus ten-
don on the distal lateral femoral condyle. This 
drill hole is approximately 1 cm anterior to the 
fibular collateral ligament femoral insertion.

A longitudinal incision is made in the lateral 
capsule just posterior to the fibular collateral liga-
ment, and the posterolateral capsular shift is per-
formed. The graft material is tensioned at 
approximately 30–40 degrees of knee flexion, 
secured to the lateral femoral epicondylar region 
with a screw and spiked ligament washer at the 
abovementioned point. Fine-tuning of graft ori-
entation is accomplished with multiple perma-
nent braided sutures. The posterolateral capsule 
is then sewn into the strut of the figure of eight 
graft tissue material for additional reinforcement. 
The anterior and posterior limbs of the figure of 
eight graft material are sewn to each other to rein-
force and tighten the construct.

The final graft tensioning position is approxi-
mately 30–40 degrees of knee flexion with a 
slight valgus force applied and slight internal 
tibial rotation. Number 2 non-absorbable suture 
is used to sew the tails of the graft together proxi-
mal to the washer to prevent slipping and also to 
sew the allograft to the deep capsular layers for 
additional reinforcement. The iliotibial band 
incision is closed. The procedures described are 
designed to eliminate posterolateral axial rotation 
and varus rotational instability.

When there is a disrupted proximal tibiofibu-
lar joint, or hyperextension external rotation 
recurvatum deformity (PLI type C), a two-tailed 
(fibular head, proximal tibia) posterolateral 
reconstruction is utilized combined with a pos-

terolateral capsular shift [17–19]. A 7 or 8 mm 
drill hole is made over a guidewire approximately 
2  cm below the lateral tibial plateau. Tibialis 
anterior or other soft tissue allograft is passed 
through this tibial drill hole and follows the 
course of the popliteus tendon to its anatomic 
insertion site on the lateral femoral epicondylar 
region. Nerves and blood vessels must be pro-
tected. The tibialis anterior or other soft tissue 
allograft is secured with a suture anchor and mul-
tiple number 2 braided non-absorbable sutures at 
the popliteus tendon anatomic femoral insertion 
site. The knee is cycled through multiple sets of 
full flexion and extension cycles, placed in 90 
degrees of flexion, the tibia slightly internally 
rotated, slight valgus force applied to the knee, 
and the graft tensioned and secured in the tibial 
tunnel with a bioabsorbable interference screw 
and polyethylene ligament fixation button. The 
fibular head-based reconstruction and posterolat-
eral capsular shift procedures are then carried out 
as described above. Number 2 permanent braided 
suture is used to sew the tails of the graft together 
proximal to the washer to prevent slipping and 
also to sew the allograft to the deep capsular lay-
ers for additional reinforcement.

 Fibular Head-Based Figure of Eight 
Posterolateral Reconstruction 
Results

 Isolated Posterolateral 
Reconstruction

Thirty-one knees with isolated type B chronic 
posterolateral instability were treated with a fibu-
lar head-based figure of eight posterolateral 
reconstruction using fresh frozen semitendinosus 
allograft combined with a posterolateral capsular 
shift [7, 8]. Mean postoperative follow-up was 
2 years with a range of 1–6 years and a follow-up 
rate of 67.7% (21 of 31 knees available for fol-
low- up evaluation). Postoperative evaluation was 
performed using physical examination and the 
Tegner, Lysholm, and Hospital for Special 
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Surgery Knee ligament rating scales. Physical 
examination compared the surgical knee to the 
normal knee using the dial test at 30° of knee 
flexion and the varus stress test at 30° and 0° of 
knee flexion and hyperextension.

Symmetrical varus stress tests were achieved 
in 95.2% of knees and grade I varus laxity in 
4.8% of knees. The dial test was symmetrical to 
the normal knee in 95.2% and tighter (less exter-
nal rotation) than the normal knee in 4.8% of 
knees. Range of motion was symmetrical to the 
normal knee in 85.7% of knees with loss of ter-
minal flexion in 14.3% of the surgical knees 
 compared to the normal knee. There were no 
flexion contractures in this series. The mean knee 
ligament rating scale scores were Lysholm 
89.3/100 (range 67–100), Hospital for Special 
Surgery 82.2/100 (range 78–100), and Tegner 
5.7/10 (range 3–9).

 Combined ACL Posterolateral 
Reconstructions

Another study addressing combined anterior cru-
ciate ligament and posterolateral reconstruction 
of the knee using allograft tissue in chronic knee 
injuries has been recently published (6). This 
study presents the results of 34 chronic combined 
anterior cruciate ligament with posterolateral 
reconstructions in 34 knees using allograft tissue 
and evaluating patient outcomes with KT 1000 
knee ligament arthrometer and Lysholm, Tegner, 
and Hospital for Special Surgery knee ligament 
rating scales. Additionally, observations regard-
ing patient demographics with combined ACL 
posterolateral instability, postoperative range of 
motion loss, post-injury degenerative joint dis-
ease, infection rate, return to function, and the 
use of radiated and non-irradiated allograft tissue 
were presented. Symmetrical physical examina-
tion of the surgical knee was achieved in 97% of 
Lachman, pivot shift tests, and varus stress tests. 
Ninety-four percent of dial tests are symmetrical, 
and 3% of dial tests are tighter than the normal 
side.

 Combined PCL ACL Reconstruction 
with Mechanical Graft Tensioning

Results of multiple ligament injured knee treat-
ment using mechanical graft tensioning are out-
lined below (43). This data presents the 2-year 
follow-up of 15 arthroscopically assisted ACL 
PCL reconstructions using the Biomet graft ten-
sioning boot (Biomet Sports Medicine, Warsaw, 
Indiana). This study group consists of 11 chronic 
and 4 acute injuries. These injury patterns 
included six ACL PCL PLC injuries, four ACL 
PCL MCL injuries, and five ACL PCL PLC MCL 
injuries. The Biomet graft tensioning boot was 
used during the procedures as in the surgical 
technique described above. All knees had grade 
III preoperative ACL/PCL laxity and were 
assessed pre- and postoperatively using the 
Lysholm, Tegner, and Hospital for Special 
Surgery knee ligament rating scales, KT 1000 
arthrometer testing, stress radiography, and phys-
ical examination.

Arthroscopically assisted combined ACL/
PCL reconstructions were performed using the 
single incision endoscopic ACL technique and 
the single femoral tunnel-single bundle transtib-
ial tunnel PCL technique. PCLs were recon-
structed with allograft Achilles tendon in all 15 
knees. ACLs were reconstructed with Achilles 
tendon allograft in all 15 knees. MCL injuries 
were treated surgically using primary repair, pos-
teromedial capsular shift, and allograft augmen-
tation as indicated. Posterolateral instability was 
treated with allograft semitendinosus free graft, 
with or without primary repair, and posterolateral 
capsular shift procedures as indicated. The 
Biomet graft tensioning boot was used in this 
series of patients.

Post-reconstruction physical examination 
results revealed normal posterior drawer/tibial 
step off in 13/15 (86.6%) of knees, normal 
Lachman test in 13/15 (86.6%) knees and normal 
pivot shift tests in 14/15 (93.3%) knees.

Posterolateral stability was restored to the 
level of the uninjured knee in all knees with pos-
terolateral instability when evaluated with the 
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external rotation thigh foot angle test also known 
as the dial test (nine knees equal to the normal 
knee and two knees tighter than the normal knee). 
Thirty-degree varus stress testing was restored to 
the level of the uninjured knee in all 11 knees 
with posterolateral lateral instability. Thirty- and 
zero-degree valgus stress testing were restored to 
the level of the uninjured knee normal in all nine 
knees with medial-sided laxity. This study dem-
onstrates the effectiveness of posterolateral 
reconstruction using the fibular head-based figure 
of eight surgical technique combined with pos-
terolateral capsular shift procedure in knee 
dislocations.

 Multiple Ligament Reconstruction 
in Knees with Global Laxity 
with Long-Term Follow-Up

Two- to 18-year postsurgical results in combined 
PCL, ACL, medial, and lateral side knee injuries 
(global laxity) revealed the following informa-
tion [44, 45]. Forty combined PCL-ACL-lateral- 
medial side (global laxity reconstructions) were 
performed by a single surgeon (GCF). Twenty- 
eight of 40 were available for 2- to 18-year fol-
low- up (70% follow-up rate).

Varus and valgus stability were evaluated on 
physical examination at hyperextension and 0 
and 30 degrees of knee flexion comparing the 
injured to the normal knee. Symmetrical varus 
stability was achieved in 93.3% of knees, and 
symmetrical valgus stability was achieved in 
92.6% of knees. The dial test performed at 30 
degrees of knee flexion to evaluate axial rotation 
posterolateral stability comparing the injured to 
the normal knee was symmetrical in 85.2%, 
tighter than the normal knee (less external rota-
tion) in 11.1%, and more lax (greater external 
rotation) in 3.7% of knees. Thus, posterolateral 
axial rotation instability was corrected or over-
corrected in 96.3% of knees.

 Comparison of Surgical Techniques

A comparison of fibular head-based posterolat-
eral reconstructions entitled “Surgical treatment 

of posterolateral instability of the knee with 
biceps tendon transfer procedures in posterolat-
eral instability types A, B, and C” was presented 
at the Herodicus Society Annual Meeting [7, 8, 
46]. The study compared the results of the full 
biceps tenodesis procedure, the split biceps ten-
don transfer procedure, and fibular head figure of 
eight posterolateral reconstruction procedure.

Conclusions from this study were that biceps 
femoris tendon transfer procedures provided 
excellent results for types A and B posterolateral 
instability of the knee when local autograft tissue 
is desired due to the inability to use allograft tis-
sue. These results are applicable to both acute 
and chronic cases. Requirements for successful 
results with these biceps tendon transfer proce-
dures include an intact proximal tibiofibular joint, 
intact posterolateral capsular attachments to the 
common biceps femoris tendon, and an intact 
common biceps femoris tendon insertion into the 
fibular head. Performing a concomitant postero-
lateral capsular shift procedure to reduce patho-
logic posterolateral and midlateral capsular laxity 
and capsular volume or reattaching avulsed mid-
lateral and posterolateral capsule to bone is 
essential to the success of this surgical procedure. 
Biceps femoris tendon transfer procedures were 
not effective in restoring stability in cases of pos-
terolateral instability type C.

 Open Growth Plates

Posterolateral instability can occur in patients 
with open growth plates, and care must be taken 
during posterolateral reconstruction to preserve 
the physis. The fibular head-based figure of eight 
posterolateral reconstruction can be modified to 
protect the physis in patients with open growth 
plates. In acute cases, primary repair of all lateral 
side injured structures is performed with suture 
anchors and permanent sutures through drill 
holes as indicated. The primary repair is then 
augmented with an allograft tissue reconstruc-
tion. No fixation devices or bone plugs cross or 
violate the growth plates. Posterolateral recon-
struction with the fibular head-based free graft 
figure of eight technique utilizes semitendinosus 
or other soft tissue allograft.
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A lateral curvilinear incision is made. 
Dissection is carried down to the layer 1 fascia 
level. The peroneal nerve is identified, peroneal 
nerve neurolysis is performed, and the peroneal 
nerve is protected throughout the entire proce-
dure. When the distal femoral growth plates are 
open, no hardware or drill holes are made on the 
lateral aspect of the knee. The common biceps 
tendon at its insertion into the fibular head is 
identified. A semitendinosus or other all soft tis-
sue allograft is looped around the common biceps 
tendon insertion at the head of the fibula and 
sewn with number 2 permanent braided sutures 
where the common biceps tendon inserts into the 
fibular head. Care is taken to not damage the fibu-
lar physis.

The iliotibial band is incised in line with its 
fibers. Dissection is carried down to the anatomic 
insertion site of the fibular collateral ligament 
and the popliteus tendon. A longitudinal incision 
is made posterior and parallel to the fibular col-
lateral ligament. This incision provides access to 
the posterolateral compartment of the knee to 
assess capsular insertion sites for primary repair 
and to enable the posterolateral capsular shift. 
Primary repair is performed as indicated. 
Posterolateral capsular shift is performed with 
permanent number 2 Ethibond suture.

The semitendinosus allograft limb positioned 
lateral to the common biceps femoris tendon is 
passed medial to the iliotibial band and parallel to 
the fibular collateral ligament. This represents the 
fibular collateral ligament arm of the fibular 
head-common biceps femoris tendon-based fig-
ure of eight posterolateral reconstruction. The 
semitendinosus allograft limb positioned medial 
to the common biceps femoris tendon is passed 
medial to the iliotibial band and medial to the 
fibular collateral ligament and parallel to the pop-
liteus tendon. This limb represents the force vec-
tor of the popliteus tendon and popliteal fibular 
ligament. The two limbs of the semitendinosus 
allograft are sewn into the respective anatomic 
insertion sites of the fibular collateral ligament 
and popliteus tendon on the distal lateral aspect 
of the femur using number 2 permanent braided 
suture. The posterolateral capsule that had been 

previously incised is then shifted and sewn into 
the strut of figure of eight graft tissue material 
using number 2 permanent braided suture. The 
allograft tissue used for the posterolateral recon-
struction is also sewn into the underlying fibular 
collateral ligament, popliteus tendon, and pop-
liteofibular ligament also using number 2 perma-
nent braided suture.

Throughout the procedure, there is protection 
of the fibula, tibia, and femoral physes and the 
peroneal nerve. At the completion of the lateral 
side procedure, the wound is thoroughly irrigated 
and closed in layers. Results evaluated with 
arthrometer measurements, stress radiography, 
and knee ligament rating scales demonstrate 
results similar to those achieved in adult patient 
populations with no incidence of growth arrest 
and resultant angular deformity about the knee 
after surgical intervention [8, 16, 47–50].

 Postoperative Rehabilitation

The knee is maintained in full extension for 
3–5 weeks non-weight bearing. This initial period 
of immobilization is followed by progressive 
range of motion and progressive weight bearing. 
Progressive closed kinetic chain strength train-
ing, proprioceptive training, and continued 
motion exercises are initiated very slowly begin-
ning at postoperative week 11. The long leg range 
of motion brace is discontinued after the tenth 
week, and the patient may wear a global laxity 
functional brace for all activities for additional 
protection if necessary. Return to sports and 
heavy labor occur after the 12th postoperative 
month when sufficient strength, range of motion, 
and proprioceptive skills have returned [8, 51–
54]. It is very important to carefully observe 
these complex knee ligament injury patients and 
get a feel for the “personality of the knee.” The 
surgeon may need to make adjustments and indi-
vidualize the postoperative rehabilitation pro-
gram as necessary. Careful and gentle range of 
motion under general anesthesia is a very useful 
tool in the treatment of these complex cases and 
is utilized as necessary.
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 Case Presentation

The patient is a 39-year-old male who presents 
with right knee pain. The patient reports that his 
right knee buckled as he was getting off of a golf 
cart. This was followed by pain and swelling with 
difficulty ambulating long distances. He has a 
history of a right ACL reconstruction done 
10 years prior with a BTB autograft and partial 
lateral meniscectomy.

On exam, he has healed prior surgical inci-
sions with a moderate effusion. His range of 
motion was full extension to 130 degrees of flex-
ion. A grade IIB Lachman was present, as well as 
2+ opening to varus stress at 30 degrees and a 
15–20-degree difference in external rotation at 30 
degrees of knee flexion (Fig.  12.1). There was 
mild laxity on posterolateral drawer testing. 
There was no instability at full extension, nor was 
recurvatum present.

Alignment films and plane radiographs dem-
onstrated neutral alignment with a vertical femo-
ral tunnel position (Fig.  12.2). An MRI was 
obtained which showed rupture of the prior ACL 
graft with an intact LCL, biceps tendon, and pop-
liteus (Fig. 12.3). The patient was indicated for 
revision ACL reconstruction with quadriceps 
autograft and posterolateral corner 
reconstruction.

Under anesthesia, the patient had a grade IIB 
Lachman and positive pivot shift. Again, he had 

increased laxity with posterolateral drawer and a 
15-degree increase in external rotation at 30 
degrees of flexion. A standard diagnostic arthros-
copy was performed; there was noted to be com-
plete rupture of the prior graft. Additionally, there 
was a drive-through sign in the lateral compart-
ment. The prior graft was debrided, and tunnels 
were examined. Previous tunnels were deemed to 
without expansion, and new tunnels were reamed 
with 10 mm reamers. The graft was passed and 
secured with interference screws.

Attention was then turned to the posterolateral 
corner reconstruction which was performed 
through a separate incision. A 12 cm hockey stick 
incision was made from halfway between Gerdy’s 
tubercle and the fibular head distally and extended 
proximally to the level of the lateral epicondyle. 
The peroneal nerve was located and found to be 
intact, and a 7 cm neurolysis was performed. The 
fibular head was then skeletonized, and a tunnel 
was drilled from anterior to posterior erring distal 

Fig. 12.1 Prone clinical image demonstrating signifi-
cantly increased external rotation of the right limb at 30 
degrees of knee flexion

Fig. 12.2 Alignment films demonstrating neutral, bilat-
eral alignment
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to proximal about 2 cm distal to the tip of the fibu-
lar head. A window was made in the IT band, and 
the lateral collateral ligament was found to be 
intact, but significantly attenuated. A horizontal 
arthrotomy was made over the epicondyle, and 
the popliteus tendon was visualized and found to 
be intact. Guidewires were then placed at the LCL 
origin. A hamstring allograft was prepared and 
was passed through the LCL tunnel with sutures 
out of the medial skin for tensions, and the graft 
was then passed through the fibula. The graft was 
fixed in the femur with an interference screw and 
then tensioned at 30 degrees of flexion with mini-
mal internal rotation and valgus force applied and 
was then fixed to the fibula with an interference 
screw. Finally, a posterolateral capsular imbrica-
tion was performed to back up the reconstruction 
and provide more posterolateral stability. At this 
point, the knee was found to have a grade IA 
Lachman, was stable to posterolateral stress, and 
had equal external rotation at 30°.

Postoperatively, the patient did well and par-
ticipated in standard postoperative therapy proto-
col. To date, the patient remains with a stable 
knee and is back to his preoperative activities.

Our treatment algorithm for PLC reconstruc-
tion is guided by physical exam and preoperative 
imaging. In this patient, examination revealed 
moderate rotational laxity without recurvatum 
which is why a fibular-based reconstruction was 
utilized with a capsular shift. In patients with 
more significant injury pattern, a two-tailed is 
certainly considered.

 Summary

Accurate physical examination is essential for 
the diagnosis of posterolateral instability to iden-
tify the pathologic planes of instability, espe-
cially the type A posterolateral instability pattern. 
It is important to remember that MRI enhances 
the physical examination; however, the MRI may 
be “negative” in chronic situation even with an 
abnormal physical examination. Surgical timing 
in acute posterolateral instability is determined 
by the severity of the injury. Posterolateral insta-
bility types A and B are typically done as a 
single- stage operation within 3 to 4 weeks post- 
injury, and type C is typically done as a two-stage 

a b

Fig. 12.3 (a) Coronal MRI demonstrating intact LCL and posterior horn medial meniscus tear. (b) Sagittal MRI dem-
onstrating complete rupture of prior ACL graft
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procedure. Specific patient considerations may 
affect surgical timing.

The surgical treatment goal is to correct patho-
logic external rotation, varus laxity, and hyperex-
tension external rotation recurvatum. Posterolateral 
corner injuries treated with primary repair com-
bined with reconstruction are more successful than 
primary repair alone. The fibular head-based fig-
ure of eight posterolateral reconstruction surgical 
technique combined with a posterolateral capsular 
shift is indicated when the heel lift test is sym-
metrical to the normal lower extremity and with 
varus laxity that diminishes from 30 degrees of 
knee flexion to hyperextension. A two-tailed pos-
terolateral reconstruction, consisting of fibular 
head-based figure of eight posterolateral recon-
struction combined with a popliteus bypass graft 
and posterolateral capsular shift, is indicated when 
the heel lift off test is positive, cases of revision 
posterolateral reconstruction, and proximal tibio-
fibular joint instability. It is essential to always 
address the midlateral and posterolateral capsule 
with either primary capsular repair, capsular shift, 
or a combination of the two.

Peroneal nerve decompression and neurolysis 
are always performed with posterolateral recon-
struction surgical techniques. Screw and washer 
fixation of the graft allows adjustability of the 
tension of the reconstruction. No single surgical 
technique is best for every case of posterolateral 
instability, so the surgical procedure should be 
tailored to the specific case. Lower extremity 
alignment is very important for the success of 
posterolateral reconstruction surgical procedure, 
and osteotomies are to be performed as indicated. 
Recognition and correction of posterolateral 
instability and posteromedial instability is essen-
tial for successful posterior and anterior cruciate 
ligament surgery [8, 16].
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Coronal Malalignment 
and Revision Anterior Cruciate 
Ligament Reconstruction

Paul M. Incan and Matthew J. Matava

 Introduction

Reconstruction of the anterior cruciate ligament 
(ACL) is uniformly successful with long-term 
failure rates of approximately 10% (range, 
2–26%) [1–3]. In general, the primary cause of 
failure can be due to either traumatic reinjury, 
biologic failure of graft incorporation, or surgical 
error. In some cases, a combination of these fac-
tors may be responsible. It has been widely 
assumed, based on expert opinion and case series, 
that the majority of failures can be attributed to 
either identifiable trauma or tunnel malposition 
[4, 5]. Osseous malalignment may also be a con-
tributing cause of ACL reconstruction failure due 
to the tensile strain it places on the graft. This 
excessive tensile force may occur in the sagittal 
plane due to an elevated posterior tibial slope [6, 
7]. As axial loading through the tibiofemoral 
joint occurs, vertical shear forces are converted to 
anteriorly directed tibial translation resulting in 
increased ACL strain.

Coronal plane malalignment is more com-
monly encountered in the revision setting and 
may be due to either congenital bilateral, or 
acquired unilateral, genu varum or valgum. This 
chapter will focus on coronal plane malalign-
ment, which may be either a causative factor in 

primary ACL reconstruction failure or the end 
result of associated meniscal and/or chondral 
injury in these patients. In both cases, the unad-
dressed malalignment may compromise the revi-
sion reconstruction and exacerbate any 
preexisting cartilage damage. Surgical strategies 
must consider both the technical aspects of the 
revision reconstruction and the influence of a 
concurrent realignment procedure, which 
increases the complexity and risk for 
complications.

Individuals undergoing revision ACL recon-
struction are significantly more likely to demon-
strate varus malalignment than individuals 
undergoing primary reconstruction [8]. Noyes 
and Barber-Weston found that varus malalign-
ment was a factor contributing to ACL recon-
struction failure in 25% of their patients [9]. 
Varus malalignment has also been shown to pre-
dict the development of medial compartment 
osteoarthritis [10]. The status of the menisci and 
the alignment of the lower extremity are both 
likely to influence the prevalence of chondrosis in 
the medial and lateral tibiofemoral compartments 
at the time of revision reconstruction. Knees 
undergoing revision surgery have been shown to 
have more concomitant intra-articular injuries 
than knees undergoing primary reconstruction 
[11]. Ninety percent of knees undergoing revi-
sion ACL reconstruction have been found to have 
meniscal or chondral injury, and 57% had both 
[12]. Meniscal injury [13, 14] and the amount of 
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meniscus removed at the time of prior surgery 
[15] have been shown to be associated with the 
subsequent development of arthrosis. Partial 
meniscectomies occurring prior to revision ACL 
reconstruction are associated with a higher rate 
of chondrosis at the time of revision surgery 
 compared with previous meniscal repair or no 
prior meniscal surgery [16]. Therefore, progres-
sive coronal plane malalignment may arise from 
the associated meniscal and/or chondral damage 
from the prior injury and surgery.

Alternatively, tibiofemoral degeneration may 
be the result of an unaddressed coronal malalign-
ment at the time of the primary reconstruction 
[4]. Irrespective of etiology, clinical and radio-
graphic assessment of coronal plane alignment is 
a necessary component of the evaluation and 
management of patients requiring revision ACL 
reconstruction in order to prevent failure of the 
revision graft and to relieve symptoms resulting 
from tibiofemoral degeneration [17].

 Coronal Plane Malalignment 
and Primary ACL Failure

The relationship between coronal malalignment 
and ACL graft failure must be understood from a 
biomechanical perspective. In the static knee, 
varus malalignment increases the tensile force on 
the ACL by up to 25% and is greatest with the 
knee in full extension [18]. This effect is exacer-
bated in patients with associated posterolateral 
ligamentous insufficiency [9]. Axial loading of 
the maligned knee during gait results in a dynamic 
varus force (increased adduction moment) [19], 
leading to cyclical lateral joint space diastasis 
[18]. This “varus thrust” results in increased ten-
sile force transmitted to the ACL graft throughout 
the gait cycle, with ACL tension increasing lin-
early as the mechanical axis medializes [18, 20]. 
A pathologic condition is created that is function-
ally opposite of the mechanically neutral knee, 
which demonstrates joint space compression 
with axial load [18]. Furthermore, as the lateral 
soft tissues of the knee (i.e., the posterolateral 
corner [PLC], joint capsule, and iliotibial band) 

experience cyclical loading and resultant attenua-
tion, lateral joint space separation may be accen-
tuated resulting in even greater tension on the 
ACL throughout the gait cycle [21]. Therefore, 
varus malalignment results in both static and 
dynamic ACL graft strain, which may predispose 
the graft to either attritional or acute failure. 
Interestingly, the forces resulting from the ele-
vated adduction moments associated with a varus 
thrust have not correlated with static alignment 
radiographs [19].

The spectrum between osseous malalignment 
and dynamic soft tissue attenuation is best con-
ceptualized through the principle of the “pri-
mary,” “double,” and “triple varus” knee, as 
conceptualized by Noyes [21]. In the “primary 
varus” knee, the deformity is limited to the osse-
ous alignment of the lower extremity [21]. 
Though such skeletal malalignment may be seen 
as an anatomic variant, the 30–40% rate of con-
current medial meniscal tears seen with ACL rup-
ture [4, 22, 23] and resultant acceleration in 
chondral degeneration [24] may account for the 
relatively high rate of primary varus seen in 
patients undergoing revision ACL reconstruction 
[8]. With increasing osseous malalignment, the 
lateral soft tissues attenuate, as discussed above, 
allowing the lateral femoral condyle to separate 
(“lift-off”) from the lateral tibial plateau during 
gait, resulting in the “double varus” knee. The 
quadriceps, biceps femoris, iliotibial band, and 
gastrocnemius muscles act dynamically to resist 
the adduction moment encountered during the 
gait cycle in an attempt to reduce the lateral con-
dylar lift-off. If this dynamic restraint is insuffi-
cient, then lateral tibiofemoral separation ensues. 
Skeletal varus combined with insufficiency of the 
PLC [25] resulting in lateral tibiofemoral separa-
tion (dynamic varus) may be associated with 
recurvatum in extension resulting in the “triple 
varus” knee [21]. In these patients, varus recurva-
tum results in excessive external tibial rotation 
and hyperextension due to long-standing insuffi-
ciency of the PLC and often the ACL and/or pos-
terior cruciate ligament (PCL). In these patients, 
both the ACL and PLC insufficiency must be cor-
rected in addition to the osseous malalignment.
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 Clinical Evaluation

The physical examination for the patient being 
evaluated for a revision ACL reconstruction has 
been thoroughly outlined in prior chapters. The 
comprehensive assessment of a patient with a 
failed ACL reconstruction begins with an inspec-
tion of standing alignment and gait. It is impera-
tive that the patient’s lower extremities are 
exposed during the examination. Simple observa-
tion of the patient standing upright with the feet 
comfortably apart can provide information as to 
the presence of unilateral or bilateral coronal 
plane malalignment. Unilateral malalignment is 
usually an acquired deformity, whereas bilateral 
malalignment is more likely a normal anatomic 
variant. Bilateral malalignment results in either a 
“bow-legged” (genu varum) or a “knock-kneed” 
posture (genu valgum). An assessment of gait can 
be performed in any office setting and is most 
commonly accomplished while the patient sim-
ply walks down a hallway.

The most common gait abnormality in these 
patients is a varus thrust, described previously, 
which consists of a visible increase in tibiofemo-
ral varus during the weight-bearing phase of the 
gait cycle with return to neutral alignment during 
the late stance phase [26]. Varus recurvatum may 
also be noted in the sagittal plane as an indicator 
of advanced insufficiency of the PLC resulting in 
hyperextension and external tibial rotation seen 
in the “triple varus” knee. A valgus thrust is less 
common and usually encountered with chronic 
attenuation of the superficial medial collateral 
ligament (sMCL). It is an exacerbation or abrupt 
onset of valgus malalignment during the stance 
phase, with a return to a more neutral alignment 
during lift-off and the swing phase of gait. In 
theory, a valgus thrust increases the compressive 
load transmitted to the lateral tibiofemoral com-
partment, potentially contributing to lateral com-
partment osteoarthritis. A formal gait analysis is 
typically reserved for those patients with signifi-
cant gait alterations or for those in whom formal 
attempts at correction have been unsuccessful. 
Any preexisting gait abnormality should be cor-
rected prior to the revision surgery with a 6-week 
program of gait training under the guidance of an 

experienced physical therapist. Correction of a 
varus thrust can be addressed with maintenance 
of a toe-out position during the gait cycle while 
maintaining a shortened stride length with the 
knee in 5° of flexion on initial heel strike. Failure 
to correct any preexisting gait abnormality will 
place the revision ACL graft and posterolateral 
structures at risk.

It is important to emphasize that the physical 
examination in these patients should be compre-
hensive in order to diagnose all clinically relevant 
conditions that may affect the final outcome 
(Table 13.1). The patellofemoral joint should be 
evaluated as a potential source of pain and insta-
bility due to the combined effects of increased 
external tibial rotation and varus recurvatum. 
Medial compartment pain and crepitus with varus 
malalignment may indicate articular cartilage 
and/or meniscal damage or insufficiency. Lateral 
compartment pain is more commonly due to soft 
tissue tensile overload but may also result from 
articular cartilage and meniscal damage with val-
gus malalignment.

Knee range of motion and instability testing 
should be compared with the contralateral knee. 
The Lachman test is performed at 30° of knee 
flexion and is the most sensitive test to detect 
ACL insufficiency. The pivot shift test is most 
specific for ACL insufficiency and is recorded on 
a scale of 0–3, with a grade of 0 indicating no 
pivot shift; grade 1 represents a pivot glide; grade 
2 is defined as a distinct “clunk” indicative of 
subluxation of the posterior aspect of the lateral 
tibial plateau over the lateral femoral condyle; 
and grade 3 is represented as gross impingement 
of the lateral tibial plateau against the lateral fem-
oral condyle. The anterior drawer is also assessed 
but is the least sensitive or specific test for ACL 
insufficiency.

The PCL is evaluated with direct observation 
of posterior tibial subluxation with the knee at 
90° of flexion (“sag sign”) compared to the con-
tralateral knee. The medial tibiofemoral step-off 
is palpated with the knee at 90° with a 1 cm step- 
off considered normal and lesser amounts indica-
tive of progressive posterior tibial subluxation. 
The posterior drawer test is also performed at 90° 
of flexion to confirm (1) the status of the PCL and 
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(2) that the tibia is not posteriorly subluxated 
indicating a partial or complete PCL tear which 
may give a false positive anterior drawer test. 
Posterior tibial translation is confirmed with the 

quadriceps active test in which the tibia translates 
anteriorly at 80° of flexion with active 
quadriceps.

Insufficiency of the lateral collateral ligament 
(LCL) is assessed by the application of varus 
stress at 0° and 30° of knee flexion. The quality 
of the endpoint and degree of lateral joint space 
opening (in millimeters) are compared to the 
contralateral normal knee. Patients with com-
bined insufficiency of the ACL and LCL will 
have increased laxity at both 0° and 30° of knee 
flexion. It is important to distinguish true liga-
mentous laxity with varus stress from the false 
positive (“pseudolaxity”) caused by loss of the 
lateral compartment articular cartilage. This can 
be avoided by initially applying a valgus and 
axial load. With pseudolaxity, the lateral joint 
opening noted with a varus stress returns the limb 
from a relative valgus alignment to a more neu-
tral position and confirms the absence of true lat-
eral ligamentous damage. The dial test is 
performed at both 30° and 90° of flexion with the 
patient prone or supine to indicate damage to the 
PLC. An asymmetric increase of 10° in the foot- 
thigh angle with the knee at 30° is indicative of 
isolated deficiency of the PLC, whereas a posi-
tive test at both 30° and 90° of flexion is indica-
tive of combined injury to the PLC and PCL. The 
external rotation recurvatum test is positive for 
combined severe injury to the PLC and ACL 
when the knee falls into hyperextension and 
external tibial rotation while the lower limb is 
suspended from the great toe. The reverse pivot 
shift is indicated by a palpable reduction of the 
externally mal-rotated lateral tibial plateau across 
the lateral femoral condyle at 20° as the knee is 
extended from 90° to full extension.

An increase in medial joint space opening is 
also assessed at both 0° and 30° of flexion to 
identify associated damage to the sMCL in 
patients with valgus malalignment. The quality 
of the endpoint and degree of joint space opening 
(in millimeters) are determined and compared to 
the contralateral normal knee. Similar to assess-
ing the lateral soft tissues, a false positive result 
may occur from “pseudolaxity” attributed to 
medial compartment narrowing associated with 

Table 13.1 Physical examination tests in the evaluation 
of patients with combined ACL insufficiency and coronal 
plane malalignment

Standing alignment
Gait assessment
   Varus thrust
   Varus recurvatum thrust
Active and passive range of motion
Patellofemoral examination
   Alignment
   Tracking
   Compression pain
   Crepitus
Anterior cruciate ligament
   Lachman exam at 30°
   Pivot shift
   Anterior drawer
Posterior cruciate ligament
   “Sag” sign
   Tibiofemoral step-off
   Posterior drawer
   Quadriceps active test
Varus stress
   Varus laxity at 30° only indicates isolated LCL injury
   Varus laxity at 0° and 30° indicates both LCL and 

ACL injury
Dial test
   >10° external rotation asymmetry at 30° only 

consistent with isolated PLC injury
   >10° external rotation asymmetry at 30°and 90° 

consistent with PLC and PCL injury
External rotation recurvatum
   Leg falls into external rotation and recurvatum when 

suspended by great toe in supine position
   More common with chronic, multi-ligament injuries 

(i.e., ACL/PCL and PLC)
Posterolateral drawer test
   Combined posterior drawer and external rotation 

force results in an increase in posterolateral tibial 
translation

Reverse pivot shift test
   External rotation and valgus force applied to tibia as 

the knee is extended from 90° with a palpable clunk 
as the lateral tibial plateau reduces past the lateral 
femoral condyle at 20° of flexion to a reduced 
position in full extension

ACL anterior cruciate ligament, LCL lateral collateral lig-
ament, PLC posterolateral corner
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articular cartilage loss. This can be avoided by 
conducting the exam first with a varus and axial 
load applied. With pseudolaxity, the medial joint 
opening noted with a valgus stress returns the 
limb from a relative varus alignment to a more 
neutral position and confirms the absence of true 
medial ligamentous damage.

 Radiographic Evaluation

 Plain Radiographs

Initial radiographic evaluation of the knee should 
include an anteroposterior (AP), 30° lateral, 
patellofemoral (Merchant), and 45° flexion- 
weight- bearing posteroanterior (Rosenberg) [27] 
views. The lateral radiograph requires reasonable 
superimposition of the femoral condyles as alter-
ations in patellar “height” may occur with high 
tibial osteotomy (HTO) [28]; therefore, presence 
of preexisting patella alta or baja must be appre-
ciated. For this purpose, the Blackburn-Peel and 
Caton-Deschamps ratios produce the most reli-
able means of quantifying patellar height both 
preoperatively and following surgical interven-
tion [29]. Additionally, elevated posterior tibial 
slope (>12°) should also be noted on the lateral 
radiograph because of the potentially deleterious 
effects it has on the ACL graft [30] discussed pre-
viously that may be corrected concurrently with 
coronal plane realignment [31]. An AP view with 
the knee in full extension may not show signifi-
cant joint space narrowing since most condylar 
wear is present between 30° and 60° of knee flex-
ion which is best identified with the 45° flexion, 
weight-bearing view (Fig.  13.1). Excessive 
medial or lateral compartment joint space nar-
rowing greater than 50% of the articular cartilage 
thickness represents a relative contraindication to 
an osteotomy, as the articular degeneration is 
likely too great to be relieved solely by a realign-
ment procedure [8].

Comprehensive radiographs can provide rele-
vant information regarding the presence of hard-
ware from prior surgery as well as femoral and 
tibial tunnel placement and their dimensions. 
Bone tunnel widening is theorized to be due to a 

complex interplay between biologic factors (i.e., 
synovial fluid-derived cytokines, inflammatory 
mediators, thermal necrosis) and mechanical 
stress (i.e., graft motion [“bungee cord” effect], 
non-aperture fixation, graft tension) [32–34]. 
Seen most commonly with the use of allograft 
tissues [34] and soft tissue grafts, tunnel expan-
sion does not appear to be the cause of ACL graft 
failure but may affect the technical aspects of the 
revision reconstruction (Fig. 13.2).

Full-length standing AP radiographs from the 
hips to the ankles with the feet 10″ apart should 
also be performed on all patients considered for 
revision ACL reconstruction [17]. Though some 
surgeons may prefer standing single-leg or supine 
full-length radiographs [35], we prefer bilateral 
whole-limb radiographs for the evaluation of 
limb alignment (Fig.  13.3). Subtle positional 
changes of the extremity can significantly alter 
the mechanical axis measurements [36]. 
Therefore, reference foot templates on the radio-
graph platform and centering the patella over the 
femoral condyles may be necessary to ensure 
reproducible radiographs [8, 17].

The mechanical axis of the lower extremity is 
defined by a line connecting the center of the 
femoral head to the middle of the tibial plafond. 
In individuals with a neutral mechanical axis, this 
line should intersect the mid-line of the tibial pla-
teau between the tibial spines [37]. Coronal plane 
deformity may be quantified as a percentage of 
tibial width where the mechanical axis intersects 
the tibia plateau. By convention, 0% indicates the 
medial tibial cortex, and 100% represents the lat-
eral tibial cortex [38]. The mechanical axis of the 
femur is represented by a line connecting the cen-
ter of the femoral head and the intercondylar 
notch. The mechanical axis of the tibia is repre-
sented by a line connecting the center of the tibial 
plafond and bisecting the tibial plateau 
(Fig. 13.4). These axis lines intersect to form the 
mechanical tibiofemoral angle, which normally 
forms essentially a straight line as the normal 
angle has been shown to be −0.7  ±  3° [37]. 
Increasing varus or valgus deformity, defined as 
the apex of the deformity at the tibiofemoral 
joint, results in an increase or decrease of this 
angle, respectively. As discussed below, the tibio-
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b

Fig. 13.1 Radiographs showing the importance of the 
flexion weight-bearing view in the same patient. (a) AP 
weight-bearing view showing maintenance of joint space. 

(b) 40° PA weight-bearing view illustrating loss of medial 
joint space of the right knee
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femoral angle becomes vital for preoperative 
templating for deformity correction.

A joint convergence angle may be quantified 
by comparing a line across the femoral condyles 
and a line across the tibial plateau. In patients 
with a neutral mechanical axis, such lines should 
be grossly parallel, and 0–3° of medial conver-
gence is considered normal [37]. In the “double” 
and “triple varus” knee, attenuation of the pos-
terolateral soft tissues yields asymmetric lateral 
joint space diastasis increasing the medial con-
vergence angle. As demonstrated in prior biome-
chanical studies [18, 19], this joint space diastasis 
is dynamic; thus, varus stress radiographs may be 
required to more accurately quantify the contri-
bution of lateral condylar lift-off to a patient’s 
varus deformity.

 Magnetic Resonance Imaging

In addition to a complete radiographic assess-
ment of the knee, magnetic resonance imaging 
(MRI) is obtained to provide relevant informa-
tion regarding ACL status, associated ligamen-
tous deficiencies, and meniscal and articular 
cartilage damage. Ferromagnetic implants will 
interfere with the quality and accuracy of MR 
images. To reduce MR artifact from metal instru-
mentation, use of a smaller field strength magnet 
(1.5T rather than 3.0T) is recommended as arti-
fact is directly proportional to field strength. 
Inversion recovery/STIR (short tau inversion 
recovery) sequences are less prone to metal arti-
fact, whereas normal frequency-selective fat sup-
pression sequences and gradient echo sequences 
should be avoided as they are more prone to 
metal artifact.

Fig. 13.2 AP radiograph showing femoral and tibial tun-
nel expansion often seen in patients undergoing revision 
ACL reconstruction

Fig. 13.3 Full-length standing AP radiographs from the 
hips to the ankles used to assess lower extremity 
alignment
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While some ACL grafts may be partially intact, 
they can be functionally incompetent if attenuated 
or misplaced. The location and diameter of prior 
bone tunnels in the sagittal and coronal planes 
must be considered prior to a revision reconstruc-
tion. For instance, a non-dilated tunnel placed too 
vertically in the intercondylar notch may lead to 
functional ACL instability despite the graft being 
intact on MRI (Fig. 13.5). In this case, the patient 
may demonstrate a positive pivot shift but have a 
normal Lachman examination. Alternatively, 
well-placed tibial and femoral tunnels created at 
the prior surgery may be excessively dilated 
(≥13 mm in diameter) necessitating a staged bone 
grafting prior to the revision surgery (Fig. 13.6).

Fig. 13.4 The mechanical axis of the femur (solid white 
line) is represented by a line connecting the center of the 
femoral head and the intercondylar notch. The mechanical 
axis of the tibia (dashed white line) is represented by a 
line connecting the center of the tibial plafond and bisect-
ing the tibial plateau

Fig. 13.5 Coronal T1-weighted MRI showing vertical 
femoral tunnel with hardware in place

Fig. 13.6 Coronal T1-weighted MRI showing femoral 
and tibial tunnel expansion
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Magnetic resonance imaging will detect both 
new and previously treated meniscal and articular 
cartilage pathology in the revision setting [4]. 
Advanced degenerative articular cartilage wear 
must be distinguished from contained focal 
defects. The former may be a contraindication to 
an osteotomy, while the latter may be corrected 
by an articular cartilage reconstructive procedure 
depending on the size, depth, and location of the 
defect. Meniscal irregularity from prior menis-
cectomy may be indistinguishable from a new 
tear on MRI. Significant meniscal resection that 
is symptomatic may indicate the need for concur-
rent meniscal allograft transplantation given the 
chondroprotective effect the meniscus has on the 
articular cartilage as well as its role as a second-
ary stabilizer to anterior tibial translation and 
rotational stability [39, 40]. A gadolinium- 
enhanced MRI arthrogram is reserved for those 
patients who have undergone a prior meniscal 
repair in which a recurrent tear cannot be distin-
guished from the scar tissue from a healed tear.

 Computerized Tomography

Computerized tomographic (CT) imaging has a 
limited role in the preoperative evaluation of 
patients being considered for a revision ACL 
reconstruction and realignment procedure given 
its limited utility and radiation exposure. 
However, in those patients with tunnel widening 
that requires more detailed three-dimensional 
imaging to quantify tunnel size, CT is the imag-
ing modality of choice (Fig. 13.7). It is also use-
ful in patients who undergo a staged bone grafting 
of a dilated tunnel, as it is more sensitive than 
plain radiographs or MRI to graft consolidation 
(Fig. 13.8). A CT arthrogram may also be useful 
in the rare patient in whom an MRI is precluded 
because of metallic implants elsewhere in the 
body that may be affected by the magnetic field. 
While its sensitivity is inferior to MRI, a CT 
arthrogram can provide general information 
about meniscal and articular cartilage status.

Fig. 13.7 Coronal CT image showing femoral and tibial 
tunnel expansion

Fig. 13.8 Sagittal CT image showing consolidation of 
bone graft used to fill expanded tunnels prior to revision 
ACL reconstruction
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 Operative Indications 
and Contraindications

 Indications

A combined revision ACL reconstruction and 
osteotomy is indicated for those younger (less 
than 60 years of age), active patients with insta-
bility symptoms coupled with coronal plane 
malalignment. Osteotomy initially gained wide 
acceptance for active patients with uni- 
compartmental osteoarthritis in whom a knee 
replacement (partial or total) is contraindicated 
because of their relatively young age.

Varus malalignment is corrected with a proxi-
mal (“high”) tibial osteotomy (HTO); valgus 
malalignment is corrected with a distal femoral 
osteotomy (DFO). An HTO is also recommended 
for those patients with ACL insufficiency and 
associated physiologic genu varum in whom the 
malalignment would put undue tensile strain on 
the revision ACL graft. Patients considered for 
this combined procedure should have a history of 
functional instability with pivoting activities, a 
physical examination consistent with ACL insuf-
ficiency, and corresponding imaging studies con-
firming this diagnosis. The goal of the osteotomy 
in those patients with uni-compartmental osteo-
arthritis is to correct the mechanical abnormality 
by redistributing weight-bearing loads away from 
the involved arthritic compartment. Patients with 
varus malalignment are over-corrected into val-
gus. Patients with valgus malalignment are cor-
rected only to a neutral mechanical axis as 
iatrogenic creation of genu varum would poten-
tially strain the graft and increase compressive 
loads to the medial compartment. Patients under-
going revision ACL reconstruction who have the 
anatomic variant of bilateral varus or valgus 
alignment but no articular cartilage damage 
should also be corrected to neutral and not over- 
corrected to either compartment. Ideally, an oste-
otomy should only be performed in those patients 
with symptomatic mild-to-moderate osteoarthri-
tis. Those with associated meniscal deficiency 
and/or focal uni-compartmental chondral defects 
can be treated either concurrently with the oste-
otomy and ACL reconstruction or in a staged 

fashion depending on the complexity of the pro-
cedure and comfort level of the surgeon.

 Contraindications

The main contraindication to a combined revi-
sion ACL reconstruction and an HTO or DFO is 
advanced cartilage loss of the medial or lateral 
tibiofemoral compartments, respectively. In gen-
eral, the majority of the compartment should 
have articular cartilage coverage. An uncorrected 
full-thickness cartilage defect of the tibia or 
femur greater than 15 mm ×15 mm is a contrain-
dication to an osteotomy and is better addressed 
with a uni-compartmental arthroplasty and revi-
sion ACL reconstruction except in those patients 
too young (<50  years of age) or active for this 
procedure. Complete loss of medial or lateral 
joint space on 45° flexion, weight-bearing radio-
graphs is also a contraindication. Other contrain-
dications are cavitary defects of the medial or 
lateral tibial plateau, loss of flexion or extension 
>10°, tibial subluxation, and uncorrected com-
plete or near-complete meniscectomy in the 
involved compartment.

Patients over the age of 60 who are candidates 
for a partial or total knee replacement are better 
served with this more definitive procedure. 
Patients with a body mass index (BMI) over 35 
will likely not be symptomatically improved if 
they have arthritic symptoms in addition to insta-
bility. Concurrent patellofemoral arthritis is a 
relative contraindication to this procedure. Severe 
patellofemoral symptoms will not be improved 
following an HTO or DFO, while mild symptoms 
are not a contraindication to this procedure. 
Asymptomatic patellofemoral articular cartilage 
damage is not a contraindication despite the fact 
that these patients may develop patellofemoral 
symptoms over time. Medical contraindications 
to an osteotomy include inflammatory arthropa-
thies that cause diffuse cartilage wear of all three 
knee compartments, diabetes mellitus, and 
malnutrition.

Non-compliance with rehabilitation restric-
tions and use of nicotine products are also contra-
indications. Nicotine use in the setting of an 
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opening wedge tibial or femoral osteotomy (dis-
cussed below) is a significant risk factor for 
delayed union and nonunion because of the open 
void created that must fill with bone. An opening 
wedge HTO requires an incision on the medial 
aspect of the tibial plateau where there is limited 
subcutaneous soft tissue causing an elevated risk 
for wound healing complications in the setting of 
nicotine use or other factors that may interfere 
with wound healing. Cessation of smoking for at 
least 8 weeks is strongly recommended prior to 
an osteotomy and can be checked by serum or 
urine cotinine levels – a nicotine metabolite.

 Correction of Varus Malalignment 
and ACL Insufficiency

 Preoperative Considerations

Correction of varus malalignment is most readily 
accomplished with an HTO as most varus defor-
mities are due to proximal tibia vara. This proce-
dure has evolved over the past four decades, but 
at the present time, the two most common proce-
dures involve either a medial opening wedge or a 
lateral closing wedge. Historically, the lateral 
closing wedge osteotomy was the predominant 
method despite the fact that it possesses several 
technical challenges that may compromise the 
final outcome. As a result, there has been 
increased interest in the medial opening wedge 
over the past several years for a variety of reasons 
independent of concurrent ACL revision surgery. 
Advantages of an opening wedge HTO include:

• Only a single bone cut is required.
• Less soft tissue disruption.
• No disruption of the proximal tibiofibular 

joint or fibular osteotomy is required.
• No risk to the peroneal nerve.
• The correction can be fine-tuned intraopera-

tively to achieve optimal alignment.
• Patellar height is maintained.
• Ideal if a PLC reconstruction is required by 

avoidance of fibular disruption.
• Preexisting patella alta may be corrected.

A medial opening wedge osteotomy is not 
without issues. Potential disadvantages of this 
technique in the setting of a revision ACL recon-
struction include:

• Potential need for cortico-cancellous autograft 
or allograft

• Higher risk of delayed union/nonunion due to 
the need for increased bone consolidation

• Risk for fracture propagation with loss of the 
lateral cortical hinge or intra-articular exten-
sion into the lateral compartment

• Tendency to increase posterior tibial slope
• Exacerbation of preexisting patella baja
• Theoretical increased risk of wound compli-

cations in patients with compromised healing 
(i.e., smokers, diabetics)

• Delayed weight-bearing required during bone 
consolidation

 Timing Issues

Consideration has to be given for patients with 
combined ligament deficiencies and malalign-
ment such as the double varus and triple varus 
knee in which the HTO must be coupled with a 
revision ACL reconstruction and lateral ligamen-
tous reconstructions. In patients with the double 
varus knee, the osteotomy and revision ACL 
reconstruction can be performed at one time 
depending on the experience and comfort level of 
the surgeon. Correction of the varus malalignment 
often causes a contracture of the lateral soft tissue 
structures once the weight-bearing tensile load is 
reduced by placing the mechanical axis in a posi-
tion of relative valgus [21]. This would make 
reconstruction of the lateral ligamentous restraints 
unnecessary in patients with only moderate lateral 
ligamentous deficiencies (i.e., 6–8 mm of lateral 
joint space opening with varus stress). However, a 
lateral compartment gap greater than 10 mm with 
varus stress during arthroscopy would preclude a 
single-stage procedure as the residual lateral liga-
mentous deficiencies would place undue tensile 
strain on the ACL graft. Patients with the triple 
varus variant have a complex problem that is best 

13 Coronal Malalignment and Revision Anterior Cruciate Ligament Reconstruction



186

treated in a staged fashion since a single-stage 
HTO and revision ACL and PLC reconstruction 
pose significant complications (i.e., arthrofibrosis, 
loss of fixation). In these patients, the HTO is per-
formed first, and the revision ACL reconstruction 
and PLC can be addressed later once the osteot-
omy has healed.

 Hardware and Tunnel Issues

As a general rule, preparation of the ACL revi-
sion graft should be deferred until after the 
removal of all potentially problematic hardware 
and it is confirmed that there is adequate bone 
stock available to drill the revision tunnels. It is 
imperative that all equipment needed for poten-
tial hardware removal is available prior to sur-
gery. Most metallic interference screws can be 
removed with a large fragment (3.5 mm) screw-
driver. Stripped screws may require reverse- 
threaded screw removal instrumentation for 
removal. Alternatively, these screws can be 
removed with a coring reamer 1–2 mm larger in 
diameter than the screw (Fig. 13.9). Bioabsorbable 
screws can potentially be left in place or drilled 
through during the revision procedure and the 
osteotomy. Non-aperture cortical fixation devices 
typically do not interfere with the revision graft 
or the osteotomy and can be left alone.

The index bone tunnels will be either anatomic 
and in the appropriate location, completely non-
anatomic without contacting the new tunnel, or 

overlapping with the new tunnel potentially creat-
ing a “snowman” tunnel. Fixation hardware will 
likely require removal if located in an anatomic 
location or in an overlapping tunnel since it will 
interfere with drilling and placement of the revi-
sion hardware. Screws or other hardware located 
in femoral tunnels that are completely non-ana-
tomic can be left in place in order to avoid a cavi-
tary defect that may compromise fixation of the 
revision graft or require bone grafting (Fig. 13.10). 

a b

Fig. 13.9 (a) Retained femoral hardware. (b) Coring reamer used to remove stripped femoral screw

Fig. 13.10 Lateral x-ray showing misplaced femoral 
screw from primary reconstruction (black arrow) left in 
place as it did not interfere with placement of the revision 
screw (white arrow)
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All metallic tibial hardware should be removed 
even if grossly non-anatomic as it will likely 
interfere with the tibial osteotomy or the revision 
graft and their associated fixation.

Once all hardware is removed, the index fem-
oral and tibial tunnels should be assessed for their 
potential interference with the revision tunnels. A 
combination of shavers, burrs, curettes, and ther-
mal ablation is used to remove all soft tissue rem-
nants from the femoral notch and tibial plateau in 
order to adequately assess the quality of bone 
stock present. Tunnels that were anatomically 
appropriate without evidence of expansion on 
preoperative imaging can be reliably used for the 
revision tunnel. In general, our preference is to 
create a revision tunnel that is 1 mm in diameter 
larger than the prior tunnel in order to remove all 
sclerotic bone and achieve a viable cancellous 
surface (Fig.  13.11). Compaction drills can be 
useful to avoid bone loss and strengthen the sur-
rounding bone to support interference fixation. 
Femoral tunnels that are ≤12 mm that result from 
overlapping tunnels can be filled with a larger 
bone plug from either a bone-patellar tendon- 
bone (B-PT-B) graft, quadriceps tendon-patellar 
bone (QT-B) graft, or Achilles allograft. 
Supplemental allograft chips or cortico- 
cancellous strips can also be placed adjacent to 
the bone plug, as can “stacked” interference 
screws to fill the bone void. Tibial tunnels that are 
≤12 mm can also be bone grafted after the oste-
otomy is complete and before the ACL graft is 

secured. Interference screw fixation may be fea-
sible in these cases depending on the type of 
HTO performed (opening wedge vs. closing 
wedge). However, an opening wedge HTO often 
requires suspensory cortical fixation with a screw 
and washer because of the presence of hardware 
from the HTO.

Tunnels that are ≥13 mm in diameter in any 
plane on preoperative imaging usually require a 
staged bone graft, especially if there is widening 
of the tunnel aperture (usually femoral) or “bal-
looning” of the tunnel. In these cases, reliable 
fixation cannot be achieved with either interfer-
ence screws or suspensory cortical devices 
because of the potential “windshield wiper” 
effect of graft motion within the tunnel 
(Fig. 13.12). The tunnel surface is abraded back 
to bleeding bone and grafted with either allograft 
dowels, cancellous allograft chips, or iliac crest 

Fig. 13.11 Arthroscopic view of tibial tunnel showing 
circumferential cancellous bone

Fig. 13.12 Dilated, vertical femoral, and tibial tunnels 
greater than 13 mm in diameter may benefit from a staged 
bone graft prior to the revision ACL reconstruction
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cortico-cancellous bone. An allograft dowel will 
provide structural support and can be inserted 
either through the anteromedial portal for the 
femoral side or directly through a metaphyseal 
window on the tibial side. Cancellous allograft 
chips can be inserted through a cut-off syringe or 

arthroscopy cannula with the graft impacted with 
a plunger or bone tamp. Demineralized bone 
matrix with reverse phase medium (StimuBlast®, 
Arthrex Inc., Naples, FL) can be added to the 
cancellous chips to resist fluid irrigation and dis-
placement of the graft (Fig. 13.13). Tunnels that 

Fig. 13.13 Staged grafting of femoral and tibial tunnels. 
(a) Non-functional ACL graft. (b) Tunnel with residual 
graft and fibrous tissue debrided (c) Dilated femoral tun-
nel following complete graft removal. (d) Syringe with 
StimuBlast® demineralized bone matrix (Arthrex Inc., 
Naples, FL) and cancellous allograft chips placed inside 

arthroscopy cannula for ease of insertion. (e) Injection of 
StimuBlast and cancellous chips into femoral tunnel. (f) 
Dilated femoral tunnel filled with StimuBlast/allograft 
bone. (g) Tibial tunnel being filled similar to femoral tun-
nel. (h) Filled tibial tunnel. (i) Revision femoral tunnel 
drilled 5 months following grafting
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undergo a staged bone grafting are usually con-
solidated by 4–6 months as determined by plain 
radiographs or CT imaging (Fig. 13.14).

 Graft Issues

It is imperative that the operative record from any 
prior ACL surgery is available since patients are 
often uncertain when asked about prior grafts. 
The choice of the revision graft is dependent on 
several factors. Prior graft harvest must be taken 
into consideration when choosing a revision graft 
in order to avoid wound healing complications 
associated with prior incisions that are closely 
parallel or that may cross any new incisions. 
Activity level is the most important factor when 
considering a primary ACL graft but may be less 
relevant in the setting of a concurrent osteotomy 

where decreased activity level is anticipated. 
Cosmesis, though a consideration, is the least 
important factor when choosing a revision graft.

Surgical options include the ipsilateral B-PT-B 
or quadriceps tendon autograft (with or without 
patellar bone plug) if the extensor mechanism is 
intact after the primary ACL reconstruction. A 
B-PT-B graft is not recommended if an HTO is 
also performed given the compromised tibial 
attachment of the remaining patellar tendon at 
the site of the osteotomy. If the B-PT-B or quad-
riceps tendon graft has already been harvested, 
re-harvest of these grafts is not recommended as 
they will be comprised predominantly of scar tis-
sue rather than native tendon. An ipsilateral ham-
string autograft, with or without a supplemental 
soft tissue allograft, can be considered in these 
patients and has the advantage of not being sus-
ceptible to graft-tunnel mismatch or requiring 

f g
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Fig. 13.13 (continued)
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interference fixation. Caution should be exer-
cised in using a soft tissue graft if there is any 
evidence of tunnel widening since fixation and 
graft incorporation may be compromised. A con-
tralateral B-PT-B or quadriceps tendon graft can 
also be used in the revision setting since prior 
skin incisions are not a factor and use of allograft 
tissues is avoided. Some patients are hesitant to 
consider surgery on the contralateral limb and 
would prefer to use an allograft. If an allograft is 
chosen, our preference is to use an Achilles ten-
don allograft since it is a robust graft that allows 
bone-to-bone healing and can accommodate a 
bone tunnel of any size. Patients who opt for an 
allograft should be apprised of the potential 
decreased success rate, risk for disease transmis-
sion, delayed incorporation, inflammatory 
immune response, and expense associated with 
allograft tissues [41].

 Preoperative Planning

Preoperative planning for an HTO is achieved 
first by the calculation of the mechanical axis 
from full-length radiographs from the center of 
the femoral head to the center of the tibial pla-
fond. In patients with varus malalignment, the 
mechanical axis passes medial to the medial tib-
ial spine. The goal of an HTO is to move this 
weight-bearing line into the lateral compartment 
to unload the compromised medial compartment 
and to reduce tensile strain of the ACL graft and 
lateral soft tissues.

The Picture Archiving and Communication 
System (PACS) software can be very helpful in 
calculating the degree and amount of correction. 
A line is drawn across the widest portion of the 
proximal tibia with the medial cortex represent-
ing 0% and the lateral cortex 100% of this dis-
tance. The preferred location of the realigned 
mechanical axis is a point 62% of the width of the 
tibial plateau from medial to lateral, which 
equates to 3°–5° of mechanical valgus. This 
point, commonly referred to as the Fujisawa 
point [42], is half-way between a neutral mechan-
ical axis (50%) and a point 75% across the tibial 
plateau in which nearly all weight-bearing forces 
are concentrated solely on the lateral compart-
ment. One line representing the femoral weight- 
bearing line is drawn from the center of the 
femoral head to the 62% point, and a second line 
representing the tibial weight-bearing line is 
drawn from the center of the talus to this same 
point [43]. The angle formed by these two lines 
represents the angle of correction to achieve the 
desired mechanical axis (Fig. 13.15). If there is 
excessive lateral ligamentous laxity increasing 
the degree of varus alignment, the difference in 
the congruence angle formed by a line parallel to 
the tibial plateau and a second line along the con-
dylar articular surface is subtracted from this cor-
rection angle.

The angle of correction is converted into mil-
limeters of “opening” of the osteotomy by draw-
ing a line across the tibia representing the 
anticipated site, angle, and length of the osteot-

Fig. 13.14 Coronal CT scan showing consolidated tibial 
tunnel following bone grafting
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omy. The length of this line is superimposed on 
the tibial weight-bearing line, and the distance at 
this location between the femoral and tibial 
weight-bearing lines is the amount of opening or 
closing of the osteotomy required to achieve the 
desired angular correction (Fig. 13.16).

 Medial Opening Wedge High Tibial 
Osteotomy and Revision Anterior 
Cruciate Ligament Reconstruction: 
Surgical Technique

A combined opening wedge HTO and revision 
ACL reconstruction is a complicated procedure 
that is infrequently performed even by experi-
enced knee surgeons. It is imperative that all 

equipment is available, including a fluoroscopic 
unit and a radiolucent table. Our preference is to 
use a large C-arm that is positioned on the oppo-
site side of the patient. The patient is positioned 
supine with the operating room table flexed to 
90° and a thigh holder placed on the proximal 
thigh to allow hyperflexion of the knee. Some 
surgeons prefer to perform all arthroscopic pro-
cedures with the knee in full extension. If a con-
tralateral graft harvest is planned, then both lower 
extremities are prepped and draped free. If not, 
then sequential compression pumps are placed on 
the contralateral lower extremity for deep venous 
thrombosis prophylaxis. A tourniquet is used 
selectively, as necessary. Prophylactic antibiotics 
are given within 1 hour of the planned surgery in 
all patients.

a b

Fig. 13.15 Determination of desired mechanical axis 
following an HTO. (a) Calculation of the Fujisawa point 
which is 62% of the tibial plateau width from medial to 
lateral. This is the desired location for the realigned 

mechanical axis. (b) Full-length x-ray showing the calcu-
lated degree of correction for the amount of varus 
malalignment in order to put the realigned mechanical 
axis at the 62%ile of the tibial plateau width
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 Surgical Technique

A routine knee arthroscopy is performed with 
standard portals to assess all compartments, 
debride or repair any meniscal pathology, address 
any chondral lesions, confirm the absence of a 
functional ACL, and assess the lateral compart-
ment for any full-thickness cartilage lesions 
>15 mm that would preclude an HTO. If a carti-
lage restoration procedure is to be performed, it 
is typically done concurrently with the 
osteotomy.

The intercondylar notch is debrided of all non- 
viable ACL graft material to fully assess the fem-
oral tunnel for expansion and to identify, and 
potentially remove, prior hardware. A notch-
plasty is often not necessary in a revision proce-

dure but can be done to enhance visualization of 
the femoral tunnel site. At this stage, the surgeon 
must decide whether to proceed with the planned 
revision or perform a staged bone grafting, as dis-
cussed previously. If it is decided to proceed with 
the procedure, the revision ACL graft can be har-
vested from either the ipsilateral lower extremity 
or contralateral limb if an autograft is selected. 
Our goal is to harvest a revision graft that is 1 cm 
larger in diameter than the primary graft.

The revision femoral tunnel aperture is identi-
fied that would be in the center of the native 
ACL. This is sometimes difficult to identify in a 
revision setting. Therefore, a site is chosen that is 
at approximately the 1:30 or 10:30 position on 
the lateral wall of the intercondylar notch in a left 
or right knee, respectively. A guide pin is drilled 
with the assistance of a femoral offset guide 
through the anteromedial (AM) portal with the 
knee hyperflexed to 105° to prevent posterior 
wall “blowout” during tunnel drilling that may 
occur in lesser degrees of flexion. Alternatively, 
an outside-in technique can be used to create the 
femoral tunnel that is oriented away from the 
prior tunnel. A low-profile drill of appropriate 
diameter is used to create the femoral tunnel to a 
depth commensurate with the bone plug or the 
revision graft or at least 20 mm for a soft tissue 
graft. A Beath pin is used to pass a #2 shuttle 
suture out the lateral thigh that is left in the AM 
portal for later retrieval.

The operating table is fully extended if previ-
ously flexed and a new sterile drape applied under 
the knee, as is a foam knee wedge to elevate the 
operative limb above the contralateral lower 
extremity for fluoroscopic viewing. A 6–8  cm 
incision is made just distal to the medial joint line 
mid-way between the tibial tubercle and poste-
rior edge of the proximal tibia. A needle tip elec-
trocautery is used to carefully dissect the medial 
border of the patellar tendon to identify its inser-
tion. Dissection is carried sharply down to the pes 
anserinus with identification and incision of the 
overlying sartorial fascia. In the setting of ham-
string autograft, the underlying gracilis and semi-
tendinosus can be identified and harvested to 
create a quadrupled graft [44]. The pes anserinus 
and sMCL are sharply dissected longitudinally 
and reflected posteriorly to the posterior tibial 

Fig. 13.16 The angle of desired correction (α) is con-
verted into millimeters of “opening” of the osteotomy. A 
line across the tibia represents the anticipated site, angle, 
and length of the osteotomy (solid black line). The length 
of this line is superimposed on the tibial weight-bearing 
line, and the distance at this location between the femoral 
and tibial weight-bearing lines is the amount of opening, 
in millimeters, required to achieve the desired angular 
correction (dashed black line)
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border. An elevator is used to release the sMCL 
to the flare of the medial tibial plateau. An oste-
otomy opening greater than 5  mm typically 
requires distal transection of the sMCL.  A 
Z-retractor is placed behind the tibia to reflect the 
soft tissue envelope.

Our preferred technique is to use the opening 
wedge plate system (Arthrex Inc., Naples, FL). A 
perforated guide pin is drilled under fluoroscopic 
visualization starting 4  cm distal to the medial 
joint line at a 15° oblique angle across the proxi-
mal tibia at the predetermined location on the 
medial tibial metaphysis at which the radio-
graphic corrections were calculated. The pin 
should be at or proximal to the tibial tubercle and 
directed at the proximal tibiofibular joint at least 
1.5 cm distal to the lateral joint line. A second pin 
is drilled to an equal depth parallel to the first pin 
using the proprietary drill guide rotated posteri-
orly to match the slope of the tibial plateau. 
Lateral imaging is obtained to confirm adequate 
placement of both pins which should be parallel 
to the tibial plateau. The guide should be oriented 
to place the osteotomy just proximal to the patel-
lar tendon insertion so that the osteotomy site is 
under compression with quadriceps contraction. 
A retractor is placed under the patellar tendon 
and the Z-retractor reoriented at the level of the 
osteotomy to protect the popliteal neurovascular 
bundle. An oscillating saw is used to begin the 
osteotomy under fluoroscopic visualization with 
care taken to make a precise single cut. The ante-
rior and posterior tibial cortices are cut with a 
¾-inch osteotome which is advanced medially 
under fluoroscopic guidance to a distance 1 cm 
from the lateral tibial cortex, which should cor-
respond to the predetermined length of the oste-
otomy. Discontinuity of the anterior and posterior 
cortices is confirmed when there is slight separa-
tion of the proximal and distal bone fragments 
with gentle valgus force. Passage of a Kirschner 
wire across the lateral tibial cortex can be used to 
cause a “greenstick” effect which will allow 
opening of the osteotomy while maintaining con-
tinuity of the bone.

A calibrated wedge osteotome is inserted as 
far posterior as possible in the osteotomy in order 
to affect only coronal alignment (Fig.  13.17). 
More anterior placement would inadvertently 

increase the posterior tibial slope as a conse-
quence of the medial tibial cortex being oriented 
at a 45° angle to the plane of the posterior tibial 
cortex that creates a triangular shape to the proxi-
mal tibia (Fig. 13.18) [38]. The osteotome is gen-

Fig. 13.17 Calibrated wedge osteotome used to open the 
osteotomy site the desired degree of correction in 
millimeters

Fig. 13.18 Osteotomy plate placed too anteriorly which 
will inadvertently increase the tibial slope
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tly advanced with a mallet laterally under 
fluoroscopic guidance to allow stress relaxation 
of the osteotomized tibial bone as it is opened. If 
the osteotome is advanced too forcefully, an iat-
rogenic fracture can occur through the lateral cor-
tex or proximally into the lateral compartment 
(Fig. 13.19). If this occurs, a single staple or two- 
holed plate can provide stability to complete the 
osteotomy (Fig. 13.20).

Confirmation of appropriate realignment may 
be evaluated by placing a rigid guide rod from the 
center of the femoral head to the middle of the 
tibial plafond under fluoroscopic visualization. 
An axial load is applied to the foot, and the lower 
extremity is externally rotated 10° to provide a 
true assessment of lower limb alignment. 
Satisfactory realignment should result in the rod 
crossing the tibial plateau just lateral to the lateral 
tibial spine 62% of the distance across the tibial 
plateau. We have not found use of an electrocau-
tery cord (as recommended by some authors) 

stretched from the center of the femoral head to 
the center of the tibial plafond to be particularly 
helpful due to its lack of rigidity [45].

If the realignment is satisfactory, the handle of 
the osteotome is removed, while the two wedge 
tines remain in the tibia to preserve the opening 
wedge (Fig. 13.21). Based on preoperative mea-

Fig. 13.19 Fracture of the lateral tibial cortex following 
an opening wedge HTO

Fig. 13.20 Fracture of the lateral tibial cortex following 
an opening wedge HTO stabilized with a staple

Fig. 13.21 Tines of the wedge osteotome left in place to 
allow for plate insertion
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surements, a four-hole stainless plate with 
appropriate- sized tooth that will maintain the cal-
culated degree of correction is inserted 
(Fig. 13.22). Multiple tooth thicknesses are avail-
able from 5 to 17.5 mm. The tooth can be either 
straight or sloped to maintain the slope of the 
tibial plateau. Alternatively, a titanium plate with 
locking screws can be used if bone density is in 
question. A single 6.5  mm cancellous screw is 
placed in the proximal posterior hole parallel to 
the osteotomy as far posterior as possible, and 
two 4.5 mm bi-cortical screws are directed dis-
tally through the distal holes. The proximal ante-
rior screw is not inserted until the ACL tibial 
tunnel is drilled. Anteroposterior and lateral fluo-
roscopic images are obtained to confirm adequate 
placement of all hardware. If appropriately cre-
ated, the osteotomy gap should be approximately 
twice as wide posterior to the plate as it is ante-
rior in order to prevent an inadvertent increase of 
the tibial slope which would increase the strain 
transmitted to the revision ACL graft [46].

An alternative option for an opening wedge 
HTO consists of a nonabsorbable polyetherether-
ketone (PEEK) implant and screws (iBalance®, 
Arthrex, Inc., Naples, FL) that are buried within 
the tibial bone in order to prevent irritation of the 
overlying soft tissue envelope. A benefit of this 
system is that the proximal screws can be ori-
ented in a more proximal direction to avoid the 
tibial ACL tunnel. The ACL graft can also be 
passed through and secured to the PEEK implant 
if desired.

Once fixation is complete, an arthroscopic tib-
ial guide is placed at the center of the tibial ACL 
footprint, and a guide pin is inserted. If the prior 

bone tunnel is filled with soft tissue, pin purchase 
may be compromised. Advancing the guide pin 
into the room of the intercondylar notch will sta-
bilize it for drilling. The guide pin should be ante-
rior to the HTO plate and screws. The appropriately 
sized compaction drill is used to complete the 
tibial tunnel. An arthroscope can be inserted into 
the tunnel to confirm circumferential cancellous 
bone and the absence of the HTO hardware 
(Fig. 13.23). Shavers and thermal ablation devices 
should be used to debride all non- viable fibrous 
tissue which would affect graft-tunnel healing. 
The drill is left in place, and the knee is fully 
extended to confirm the absence of notch impinge-
ment. The final proximal cancellous screw is 
inserted into the plate with the drill still in the tun-
nel so that graft interference is avoided.

The shuttle suture is retrieved through the tib-
ial tunnel and used to pull the revision ACL graft 
into the joint. Femoral fixation is accomplished 
with either interference screws or suspensory 
cortical fixation depending on graft type, surgeon 
preference, and femoral bone stock. Supplemental 
fixation may be required in certain situations. 
The knee is cycled from 0° to 90° to confirm iso-
metricity, lack of impingement, and satisfactory 
fixation. Distal fixation is performed with the 
knee in 10° of flexion with 10 lbs. of traction to 
the distal graft sutures and a posterior drawer 
applied to the tibia. Interference screw fixation or 
cortical fixation is used depending on graft type, 
surgeon preference, and potential interference 
from the HTO screw(s).

Fig. 13.22 Titanium Puddu plate (Arthrex Inc., Naples, 
FL) with sloped tooth to maintain opening of the osteot-
omy to the appropriate degree while preserving the tibial 
slope

Fig. 13.23 Arthroscopic view within the ACL tibial tun-
nel following the HTO confirming absence of hardware 
that may interfere with graft passage
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Once the plate and graft are secured, bone 
graft or a bone graft substitute can be placed 
anterior and posterior to the plate. Some surgeons 
do not use any bone graft material, except for 
larger defects. Our preference is to use mor-
selized cancellous allograft chips to fill the defect 
and cortical allograft bone or synthetic 
 osteoconductive bone graft substitute to provide 
cortical support (Fig. 13.24).

After copious irrigation, the deep soft tissue 
flap and overlying fascia are reapproximated to 
the sleeve of soft tissue remaining on the tibial 
cortex. Residual MCL laxity is not typically an 
issue even if it is released during the exposure. 
Following dermal and subcuticular closure, a soft 
dressing is placed, and the limb is wrapped with 
a compressive ACE bandage from the foot to the 
thigh. A long-leg hinged knee brace is used to 
protect the osteotomy and is locked in full 
extension.

 Lateral Closing Wedge High Tibial 
Osteotomy and Revision Anterior 
Cruciate Ligament Reconstruction: 
Surgical Technique

Lateral closing wedge HTO was historically the 
most common method used for coronal plane 

realignment in the young, active patient. Despite 
the recent increased interest in the opening wedge 
technique, both lateral closing wedge and medial 
opening wedge osteotomies demonstrate similar 
clinical outcomes and complication profiles [47, 
48]; therefore, the chosen technique is largely 
driven by surgeon preference.

Similar to the medial opening wedge osteot-
omy, the lateral closing wedge technique has sev-
eral advantages and disadvantages in the setting 
of a revision ACL reconstruction. These advan-
tages include:

• Cortical contact allowing for potentially ear-
lier weight-bearing

• Faster healing
• Theoretically reduced risk of delayed union/

nonunion
• More secure initial fixation
• Less interference with the ACL graft and 

hardware
• Tendency to decrease tibial slope

Unfortunately, there are several significant 
disadvantages of a closing wedge osteotomy that 
must be considered especially for surgeons unfa-
miliar with this technique. These include:

• Greater soft tissue dissection
• Converging dual osteotomies
• Difficulty achieving and changing the desired 

correction
• Risk for peroneal nerve injury
• Risk for fibular osteotomy nonunion
• Risk for proximal tibiofibular joint instability 

secondary to ligamentous disruption
• Potential increase in patellar height

 Surgical Technique

In the setting of a combined closing wedge oste-
otomy and revision ACL reconstruction, the cal-
culated correction of alignment, surgical set-up, 
and arthroscopic portion of the procedure are 
identical to the opening wedge technique. A 
reverse L-shaped incision is made from the fibu-
lar head to the tibial tubercle and curved distally 
to expose the fascia of the anterior compartment 

Fig. 13.24 Final HTO construct with plate in place and 
osteotomy site filled with a synthetic bone graft substitute
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(Fig. 13.25). Though some authors advocate for 
alternative incisions and approaches, a parapatel-
lar approach allows for easier exposure in the set-
ting of an ACL reconstruction and for subsequent 
arthroplasty, if necessary [49]. Once the fascia is 
identified, the anterior compartment is incised 
parallel with the patellar tendon with electrocau-
tery leaving a 1 cm strip of fascia to be used for 
later closure. The anterior compartment muscle is 
elevated off the tibia subperiosteally proximally 
to Gerdy’s tubercle and laterally to the fibular 
head. Z-retractors are placed around the posterior 
aspect of the tibia to protect the popliteal neuro-
vascular structures. The patellar tendon insertion 
is identified and protected.

There are three options to deal with the fibula 
when performing a closing wedge HTO.  The 
proximal tibiofibular joint can be disrupted with a 
curved ½-inch osteotome to allow the fibula to 
slide proximally as the osteotomy is compressed. 
This is our choice for smaller corrections and in 
patients without PLC instability. A second alter-
native is an osteotomy of the fibular neck. This is 
especially useful for larger corrections but risks 
injury to the peroneal nerve and may compromise 
the fibular tunnel used for a lateral collateral liga-
ment reconstruction. A third alternative is an 
oblique osteotomy of the fibula at the junction of 

the mid- and distal third. This option requires a 
secondary incision and is complicated by the 
potential risk for nonunion and injury to the 
superficial peroneal nerve [50].

Following division of the proximal tibiofibu-
lar joint, a guidewire is placed parallel to the joint 
line (approximately 2  cm distal to the articular 
surface) and advanced to the far medial cortex. A 
second guidewire is placed distal to the first wire, 
at a distance dictated by the preoperative plan-
ning, and drilled in a manner convergent with the 
first wire ending 1 cm from the medial tibial cor-
tex. The second pin should be at or above the 
patellar tendon insertion. A commercially avail-
able guide can be used to ensure correct angula-
tion of the second pin. The placement of these 
guidewires is confirmed with fluoroscopy, ensur-
ing the planned osteotomy preserves a medial 
hinge. A cutting jig may be utilized to assist in 
the creation of the desired osteotomy to avoid 
complications while making two separate bone 
cuts [51]. With the knee in 30° of flexion to 
reduce tension on the popliteal neurovascular 
bundle and maximize distance between the bun-
dle and the posterior tibia, the proximal osteot-
omy is made parallel to the tibial plateau 2 cm 
from the joint line. It is started with an oscillating 
saw with a posterior soft tissue protector in place. 
The second osteotomy is made parallel to the dis-
tal guide pin proximal to the patellar tendon 
insertion. Care is taken to maintain the medial 
tibial cortex which may be perforated with a 
Kirschner wire to allow closure without causing 
an acute fracture with loss of cortical contact. 
The bone wedge is removed as one triangular 
segment or in a piece-meal fashion (Fig. 13.26). 
Careful visualization of the posterior tibial cortex 
will help identify all remaining bone that may 
inhibit closure.

The osteotomy is closed either with a gentle 
valgus force or with a commercially available 
compression clamp. If a compression clamp is 
used, two proximal 6.5-mm-long (60 mm) can-
cellous screws are inserted through either an L- 
or T-shaped plate. Using shorter screws may 
cause them to cut out of the metaphyseal bone 
with compression. If the fibula was adequately 
released or osteotomized, there should be com-

Fig. 13.25 L-shaped incision for closing wedge HTO
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plete closure of the tibial osteotomy. Apposition 
of the bone fragments should be confirmed fluo-
roscopically and directly visualized. It is imper-
ative that lateral closure does not result in 
medial cortical opening that may occur if the 
medial cortex cracks. If this occurs, a two-
pronged staple or plate can be used to stabilize 
the medial cortex. Alignment is checked fluoro-
scopically to confirm that the desired mechani-
cal axis was achieved.

Distal plate fixation is achieved with 4.5 mm 
bi-cortical screws. The long proximal cancellous 
screws are removed, and shorter (approximately 
35 mm) screws are inserted parallel to the tibial 
plateau to accommodate the ACL graft. The tibial 
ACL tunnel is drilled normally past the smaller 
proximal screws, and the revision graft is inserted 
and fixed in the usual fashion depending on graft 
type and surgeon preference (Fig.  13.27). The 
surgical site is thoroughly irrigated, and the ante-
rior compartment fascia is reapproximated to the 
residual strip on the proximal tibia with absorb-
able suture. A prophylactic anterior compartment 
fasciotomy is routinely made to reduce the risk of 
a compartment syndrome. A layered closure is 
performed, and a soft dressing, compressive ACE 
bandage, and hinged knee brace locked in full 
extension are applied.

 Outcomes Following Revision ACL 
Reconstruction and High Tibial 
Osteotomy

Little information is available regarding the out-
comes of combined revision ACL reconstruction 
and coronal plane realignment, as the majority of 
studies evaluate outcome following HTO com-
bined with primary ACL reconstruction [21, 31, Fig. 13.26 Triangular wedge of bone removed during a 

closing wedge HTO

a b c

Fig. 13.27 Closing wedge HTO and revision ACL reconstruction. (a) Closing wedge HTO with L-shaped plate. (b) AP 
x-ray showing final construct with hardware in place. (c) Lateral x-ray
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52–59]. Additionally, the literature also varies in 
terms of surgical technique (opening versus clos-
ing wedge), ACL graft source, and length of pro-
cedure (single- versus two-stage). In the primary 
setting, a combination HTO and ACL reconstruc-
tion typically results in a significant improvement 
in functional knee outcome scores [52]. Li et al. 
[53] conducted a systematic review of 11 studies 
that reported simultaneous ACL reconstruction 
and HTO. All cases of varus malalignment were 
corrected an average of 7.1°. Overall, 85.7% of 
patients had normal or nearly normal knee stabil-
ity with a mean KT-1000 side-to-side difference 
of 2.4 mm. All subjective knee scores improved, 
and most patients returned to recreational sports 
activities. The most prevalent complication in this 
review was deep venous thrombosis (7.7%). 
Zaffagnini [59] reported only 2 failures at a mean 
follow-up of 6.5 years in 32 patients who under-
went closing wedge HTO and primary or revision 
ACL reconstruction. Severe medial compartment 
osteoarthritis was noted in 22%. Arun et al. [54] 
retrospectively analyzed 30 patients who under-
went a combined ACL reconstruction and medial 
opening wedge osteotomy. They found that 
decreasing the posterior tibial slope >5° resulted 
in better functional scores (International Knee 
Documentation Committee [IKDC] and Lysholm) 
compared to patients who had <5° decrease, thus 
emphasizing the importance of the tibial slope 
and its effect on ACL graft strain. Noyes et al. [21] 
treated 41 young patients with combined ACL 
insufficiency and varus malalignment with HTO 
followed by ACL reconstruction 8 months later. 
Eighteen patients required PLC reconstruction. 
After a mean follow-up of 4.5  years, pain was 
eliminated in 71%, and instability was improved 
in 66%. Thirty-seven percent rated their knee as 
normal or very good. Correction of varus 
malalignment was maintained in 80%, and the 
adduction moment documented with gait analysis 
was decreased to below normal values.

 Lateral Opening Wedge Distal 
Femoral Osteotomy and Anterior 
Cruciate Ligament Reconstruction

Valgus malalignment is considerably less com-
mon than varus in the setting of a failed ACL 

reconstruction. In addition, fewer patients with 
uni-compartmental osteoarthritis have lateral 
compartment involvement than medial compart-
ment involvement. Cooke et al. [60] reviewed the 
radiographs of 167 patients with osteoarthritis 
and noted valgus alignment in only 24% com-
pared to 76% who were in varus. Normally, there 
is physiologic valgus of approximately 5°–7° due 
to 7°–9° of distal femoral valgus combined with 
0°–3° of proximal tibial varus [61]. Despite this 
degree of physiologic valgus, the normal offset 
caused by the femoral neck results in the mechan-
ical axis passing through the center of the knee. 
Pathologic valgus occurs when the distal femoral 
angle is elevated above normal causing the 
mechanical axis to pass through or lateral to the 
lateral compartment of the knee. This will lead to 
progressive wear of the lateral articular cartilage 
as well as contracture of the lateral capsule and 
ligamentous structures. Conversely, attenuation 
of the medial soft tissue restraints may develop 
over time.

The majority of patients with valgus malalign-
ment have a deformity in the distal femur result-
ing in elevation in the distal femoral angle. 
Therefore, the correction of pathologic valgus is 
directed at realignment of the distal femur. 
Theoretically, correction of valgus malalignment 
could be accomplished at the proximal tibia, but 
this would likely cause joint line obliquity, 
increased sheer forces across the joint, and subse-
quent instability.

Surgical correction of valgus malalignment at 
the distal femur can be achieved with either a 
medial closing wedge or lateral opening wedge 
osteotomy similar to correction of varus 
malalignment at the tibia. Our preference, and 
that of most surgeons, is to perform a lateral 
opening wedge osteotomy due to the relative 
ease of exposure, need for a single osteotomy, 
ability to fine-tune the correction, and availabil-
ity of less complicated fixation methods. 
However, many surgeons are still unfamiliar 
with this procedure because of its relative infre-
quency. Combining it with a revision ACL 
reconstruction increases the complexity and 
requires careful preoperative planning, accurate 
intraoperative imaging, and meticulous surgical 
technique to ensure a favorable outcome and 
avoid complications.
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 Preoperative Planning

Full-length, weight-bearing radiographs of both 
lower extremities are obtained in order to define 
the extent of the valgus malalignment and to cal-
culate the required degree of correction similar 
to the preoperative assessment of patients with 
varus malalignment. However, unlike correction 
of a varus deformity in which the mechanical 
axis is shifted to the lateral compartment at the 
62% point of the tibial plateau, over-correction 
of pathologic valgus is contraindicated in order 
to avoid compressive overload of the medial 
compartment. Rather, correction of valgus 
malalignment in patients with symptomatic lat-
eral compartment cartilage wear should be no 
further medially than to the medial tibial spine. 
Patients with physiologic genu valgum without 
lateral compartment wear should only be cor-
rected to neutral (50% of the tibial plateau width) 
(Fig. 13.28). The degree of correction calculated 
by the femoral and tibial weight-bearing lines is 
calculated similar to the planned correction of 
varus malalignment. In general, each degree of 
correction of coronal plane alignment is equal to 
the number of millimeters the osteotomy must 
be opened. However, this must be confirmed 
through preoperative calculation of the location, 
length, and obliquity of the osteotomy 
(Fig. 13.29).

Deciding which graft to use for the ACL revi-
sion in the setting of a combined DFO should fol-
low the same thought process used when 
performing an HTO in combination with an ACL 
revision. The primary technical issue associated 
with the combined procedure is femoral fixation. 
It is imperative that the femoral tunnel is drilled 
through an anteromedial portal or via an outside-
 in approach rather than through a trans-tibial tun-
nel in order to prevent a relatively vertical femoral 
tunnel that may interfere with the DFO hardware. 
Outside-in drilling has the advantage in that it 
can be done through the same incision as that for 
the DFO in order to avoid the femoral hardware. 
Our preference is to drill the femoral tunnel prior 
to performing the DFO so the hyperflexion of the 
knee that is required to drill the femoral tunnel 
does not destabilize the osteotomy fixation. 

Suspensory cortical fixation may not be feasible 
due to the presence of the lateral plate and screws, 
but interference fixation can usually be accom-
plished given the obliquity of the distal cancel-
lous DFO screws and the location of a properly 
drilled femoral tunnel.

 Surgical Technique

In the setting of a combined opening wedge DFO 
osteotomy and revision ACL reconstruction, 
patient positioning, arthroscopic meniscal/chon-
dral procedures, and notch preparation are done 

Fig. 13.28 Full-length x-ray showing the degree of cor-
rection calculated by the femoral and tibial weight 
mechanical axis lines needed to achieve a new mechanical 
axis that is at a point 50% of the width of the tibial 
plateau
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as in the HTO. If it is decided to proceed with the 
combined procedure, the revision graft is har-
vested and is made 1 mm larger in diameter than 
the primary graft, if known. The femoral tunnel is 
drilled through the anteromedial portal or with a 
two-incision outside-in method using the appro-
priate over-the-top guide and a shuttle suture is 
passed for later use. The tibial tunnel is created 
using compression drills with care taken to 
achieve anatomic placement. Confirmation of 
circumferential cancellous in the tibial tunnel 

will aid graft fixation. This can be achieved with 
use of curettes and thermal ablation, while the 
tunnel is visualized from the intra-articular aper-
ture with a 70° arthroscope.

A 10  cm incision is made along the lateral 
aspect of the distal thigh to 1 cm distal to the lat-
eral epicondyle (Fig. 13.30). The iliotibial band 
is incised longitudinally, and the vastus lateralis 
is split in line with its fibers to the lateral inter-
muscular septum. A Cobb elevator is used to 
expose the anterior, lateral, and posterior surfaces 
of the distal femur. A Bennett retractor is used to 
facilitate exposure and protect the quadriceps 
muscle anteriorly (Fig. 13.31). A radiolucent or 
other curved retractor is used to protect the neu-
rovascular structures posteriorly.

Under fluoroscopic visualization, a guide 
pin is drilled across the distal femur parallel to 
the joint line, and a second pin is drilled 
obliquely at a 15°–20° angle in the coronal 
plane to the level of the medial femoral cortex. 
It is imperative that the guide pin is placed 
above the level of the trochlear groove so that 
the patellofemoral joint is not breached with the 
osteotomy. A second guide pin is placed paral-
lel with the first using a free-hand technique or 
the proprietary drill guide (Arthrex Inc., Naples, 
FL) (Fig.  13.32). Anteroposterior and lateral 
fluoroscopic images should confirm accurate 
pin placement to ensure a perpendicular oste-
otomy in relation to the femoral shaft in the 
sagittal plane. A flat cutting guide is inserted 

Fig. 13.29 The angle of desired correction (α) is con-
verted into millimeters of “opening” of the osteotomy. A 
line across the distal femur represents the anticipated site, 
angle, and length of the osteotomy (solid black line). The 
length of this line is superimposed on the femoral weight- 
bearing line, and the distance at this location between the 
femoral and tibial weight-bearing lines is the amount of 
opening, in millimeters, required to achieve the desired 
angular correction (dashed black line)

Fig. 13.30 Incision of the distal lateral thigh used for a 
DFO
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over the guide pins, and a 1″ oscillating saw is 
used to cut the lateral, anterior, and posterior 
femoral cortices under fluoroscopic guidance 

with soft tissue protectors in place at all times 
(Fig.  13.33). A straight osteotome is used to 
complete the osteotomy to a distance 1 cm from 
the medial femoral cortex (Fig.  13.34). A 
Kirschner wire can be used to perforate the 
medial cortex several times to cause a “green-
stick” effect and allow the cortex to bend with a 
gentle varus force applied to the osteotome. It is 
imperative that the osteotomy is performed per-
pendicular to the femoral shaft in the sagittal 
plane in order to avoid flexion or extension of 
the femoral condyle as the osteotomy is opened.

Once the osteotomy is mobile, a wedged 
osteotome with removable handle is gently 
impacted with a mallet taking multiple pauses to 
allow for stress relaxation of the intact medial 
cortex. The osteotome is inserted with the dis-
tance calculated preoperatively (Fig. 13.35). If a 
fracture of the medial femoral cortex occurs, it 
should be stabilized with a two-hole plate and 
screws as the curvature of the medial femoral 
metaphysis precludes fixation with a staple. Loss 
of medial cortical fixation will cause loss of the 
realignment and risk malunion and nonunion of 
the osteotomy. Once the osteotomy is completed, 
adequate correction is confirmed with a rigid 
alignment rod as discussed previously. The rod 
should ideally cross the joint between the tibial 
spines and no further medial than the medial tib-
ial spine. If the correction is adequate, the handle 
is removed from the wedge osteotome, and a 
T-shaped osteotomy plate (Arthrex Inc., Naples, 
FL) with appropriate-sized tooth corresponding 
to the degree of opening in millimeters is inserted 
between the tines of the osteotome (Fig. 13.36). 
Four 4.5 mm bi-cortical screws are used for prox-
imal fixation, and three converging 6.5 mm can-
cellous screws inserted parallel to the obliquity of 
the osteotomy are used for distal fixation. 
Placement of an arthroscopic shaver or drill into 
the previously drilled femoral tunnel while the 
distal screws are inserted can ensure free passage 
of the ACL graft.

Once osteotomy fixation is complete, the bone 
defect is filled anterior and posterior to the plate 
with autograft or allograft bone or synthetic bone 
graft substitute to both fill the cancellous defect 
and provide structural support to the lateral cor-

Fig. 13.31 Exposure of lateral femur following elevation 
of the vastus lateralis

a

b

Fig. 13.32 Osteotomy of the distal femur. (a) Guide used 
to place two Kirschner wires at the correct location and 
angle for the cutting guide. (b) Fluoroscopic image of 
Kirschner wires in place showing the intended angle of 
the osteotomy
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tex (Fig. 13.37). The iliotibial band is closed with 
a running absorbable suture, and the skin is 
closed in layers.

The arthroscope is placed back in the joint, 
and the shuttle suture is used to pass the graft up 
the tibial tunnel and into the femoral tunnel. If a 

a b

Fig. 13.33 (a) Cutting guide secured by the Kirschner wires. (b) Osteotomy performed with an oscillating saw with 
neurovascular structures protected by Z-retractors

a

b

Fig. 13.34 (a) Osteotome used to complete the osteot-
omy. (b) AP fluoroscopic image showing osteotome at 
correct angle and depth

Fig. 13.35 Wedge osteotome used to progressively open 
the osteotomy to the desired degree in millimeters

Fig. 13.36 T-shaped femoral Puddu plate (Arthrex Inc., 
Naples, FL) prior to insertion
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soft tissue graft is selected, suspensory cortical 
fixation may be feasible but must take the plate 
into consideration. The graft sutures may be tied 
around the distal cancellous screws to provide 
proximal fixation as an alternative option. If a 
graft with a femoral bone plug is used, interfer-
ence fixation that is laterally oriented in the fem-
oral tunnel should avoid the distal osteotomy 
screws. Adequate femoral fixation and graft iso-
metricity are confirmed with 10  lbs. of tension 
applied to the distal graft sutures, while the knee 
is cycled multiple times from 0° to 90° of flexion. 
Two millimeters or less of graft migration within 
the tibial tunnel is acceptable with flexion and 
extension. Tibial fixation is accomplished with 
the knee in 10° of flexion and a posterior drawer 
applied. Choice of fixation is dependent on the 
graft chosen and surgeon preference (Fig. 13.38).

Once all wounds are closed, a well-padded 
dressing and an ACE wrap are applied to the 
entire lower extremity. A long-leg hinged knee 
brace is locked in full extension for 24 hours.

Fig. 13.37 Lateral x-ray showing femoral osteotomy 
plate in place with osteoinductive bone graft substitute 
filling the defect. Note the maintenance of normal femoral 
alignment

a b c d

Fig. 13.38 A 17-year-old male who underwent ACL 
“repair” several years prior with pain and recurrent insta-
bility. (a) Full-length x-ray showing mechanical axis 
indicative of significant genu valgum (dashed white line). 
(b) AP x-ray following DFO and ACL reconstruction. (c) 

Lateral x-ray. (d) Postoperative full-length x-ray of lower 
extremities showing new mechanical axis at the 50th per-
centile of the joint line following realignment (dashed 
white line)
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 Postoperative Care Following 
Revision ACL Reconstruction 
and Osteotomy

The postoperative rehabilitation following an 
HTO or DFO combined with a revision ACL 
reconstruction is begun within the first week fol-
lowing surgery. Deep venous thrombosis (DVT) 
prophylaxis is recommended for 4 weeks given 
the magnitude of the procedure. Ankle pumps 
and elevation are helpful to facilitate venous 
blood flow. The rehabilitation regimen is gener-
ally less permissive than following an isolated 
ACL reconstruction due to the osteotomy that is 
solely dependent on the method of fixation for 
initial stability. Concurrent meniscal and/or carti-
lage restorative procedures may also necessitate 
limited weight-bearing. Patellar mobilization and 
isometric quadriceps contraction are performed 
as is aggressive use of cold therapy and compres-
sion to control swelling. Hamstring, gastrocne-
mius, and quadriceps stretching is performed 
throughout the rehabilitation period.

A long-leg hinged knee brace is worn for 
8 weeks following surgery and is locked in full 
extension for the first 24 hours in order to reduce 
the risk of extension loss that may occur follow-
ing a revision ACL reconstruction combined with 
an osteotomy. Range of motion is encouraged 
from 0° to 90° beginning on the day after surgery. 
Passive and active range of motion exercises are 
performed four times per day for 10 minutes per 
session with an emphasis on obtaining full, sym-
metrical extension. Patients should achieve 120° 
by 4 weeks and 135° by 8 weeks following sur-
gery. Active range of motion is facilitated with a 
stationary cycle. Extension loss should be 
addressed immediately with an aggressive over- 
pressure regimen, as necessary, to prevent 
arthrofibrosis.

The patient is allowed toe-touch weight- 
bearing for the first 4  weeks, after which plain 
radiographs are taken to assess healing and con-
firm satisfactory placement of all hardware. More 
permissive weight-bearing may be considered 
following a closing wedge HTO since there is 
immediate bone apposition. As healing pro-

gresses, patients are allowed to bear 25% of their 
body weight with emphasis on a normal heel-to- 
toe gait pattern. Full weight-bearing as tolerated 
is allowed when there is evidence of radiographic 
union and no tenderness at the osteotomy site, 
which usually occurs 8–10 weeks following sur-
gery. Gait training is resumed with an emphasis 
on maintenance of a normalized gait pattern that 
was achieved preoperatively in those patients 
demonstrating pathologic gait patterns.

Quadriceps isometrics, straight leg raises, and 
ankle pumps are allowed within the first 2 weeks. 
Closed-chain exercises are started at 4  weeks. 
Hamstring curls and active open-chain knee 
extension from 90° to 30° are allowed at 8 weeks. 
Hip abduction, adduction, flexion, and extension 
are performed as tolerated. Balance and proprio-
ceptive training are begun at 8 weeks if healing 
has occurred. Lower extremity conditioning, 
aquatherapy, treadmill ambulation, and walking 
for exercise are progressively allowed 3–4 months 
after surgery.

Patients who undergo an HTO or DFO are 
encouraged to return to low-impact, light activi-
ties (i.e., swimming, golf, cycling). Repetitive 
high-impact exercises such as running or jump-
ing should be discouraged in those patients with 
meniscal or articular cartilage damage as they 
will potentially exacerbate preexisting cartilage 
damage. Sports that involve frequent cutting and 
pivoting should be avoided to reduce strain on the 
revision ACL graft. Light, recreational activity is 
typically allowed 6 months following surgery.

 Complications

A combined revision ACL reconstruction and 
coronal plane osteotomy offers the advantage of 
correcting both knee instability and malalign-
ment in a single stage, thus avoiding two separate 
procedures and a lengthier rehabilitation. 
Unfortunately, both procedures have significant 
potential complications common to more com-
plex operations. General complications common 
to both an HTO and DFO include under- 
correction and over-correction of the realign-
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ment. This can be prevented with careful 
preoperative planning, accurate use of the saw 
and osteotome to the correct depth, and fluoro-
scopic confirmation. Delayed union, malunion, 
and nonunion may occur secondary to non- 
compliance with postoperative weight-bearing 
restrictions, loss of fixation, or nicotine use. Loss 
of fixation of the tibial or femoral cortical hinge 
may occur postoperatively because either it was 
not noticed by the surgeon intraoperatively, the 
patient was non-compliant with weight-bearing 
restrictions, or there was preexisting decreased 
bone density. Intra-articular extension of the 
osteotomy may occur for three reasons: (1) if, 
during a DFO, the guide pins are inserted too far 
distally below the proximal edge of the trochlear 
groove causing violation of the patellofemoral 
joint; (2) if the osteotomy is angulated toward the 
joint, a fracture can extend into the lateral or 
medial compartment during an HTO and DFO, 
respectively; and (3) if the cortical hinge has not 
been adequately cut and perforated causing a 
fracture to propagate once a valgus (HTO) or 
varus (DFO) force is applied.

Flexion or extension of the distal femoral con-
dylar fragment may occur during a DFO if the 
osteotomy is not perpendicular to the femoral 
shaft. This is analogous to inadvertently increas-
ing the posterior tibial slope during an 
HTO.  Malalignment of the distal femur in the 
sagittal plane will result in loss of knee extension 
or flexion and is difficult to correct postopera-
tively. Iliotibial band irritation from the underly-
ing DFO plate and screws may occur and is more 
common in thinner individuals. Similar irritation 
can occur at the medial tibial plateau following 
an HTO. The hardware can be removed once ade-
quate healing has occurred but, in general, should 
be delayed for at least 12 months.

Complications following an isolated HTO are 
considerably more likely compared to a DFO 
due, in part, due to the relative frequency of the 
two procedures. Spahn [62] noted deep infection 
rates following an HTO of 4.7%. Hardware fail-
ure due to plate or screw fracture following open-
ing wedge osteotomies has been described in 
16.6% [62], and intra-articular fractures have 
been described in 14.6% of patients [62]. Warden 

et al. [63] reported delayed union rates of 6.6% 
with nonunion occurring in 1.6%. Fortunately, 
the patients considered for these complex com-
bined procedures are relatively healthy. Despite 
this, patient compliance with weight-bearing and 
activity restrictions is crucial to the success of 
these complex procedures in order to avoid 
complications.

Complications following isolated revision 
ACL reconstruction are dependent on the pres-
ence of concurrent meniscal and/or chondral 
pathology, technical aspects to address prior tun-
nels and hardware, and choice of the revision 
graft. These variables limit the ability to general-
ize complication rates across all ACL revisions. 
In general, there is a three to four times higher 
failure rate following revision ACL reconstruc-
tion when compared to primary reconstructions 
[64]. Rates of deep infection [65] and DVT fol-
lowing ACL surgery are consistently less than 
1% [66].

Prior literature has focused mainly on the sur-
gical technique and complications of a primary 
ACL reconstruction combined with an osteot-
omy. There is no body of literature specifically 
evaluating the complication rates of revision ACL 
surgery combined with an osteotomy. Despite 
this, prior literature pertaining to complications 
is still informative. Willey et al. [67] found after a 
mean follow-up of 45  months, 37% of patients 
who underwent a primary ACL reconstruction, 
and either an HTO or DFO, experienced either a 
major (i.e., arthrofibrosis, over-correction, non-
union, infection, neurovascular injury) or minor 
(i.e., hardware pain, hematoma, delayed union, 
superficial infection) complication. A significant 
number of associated procedures were performed 
(i.e., chondral resurfacing, meniscal transplanta-
tion, extensor mechanism reconstruction) that 
may have contributed to the 20% rate of major 
complications and 25.7% incidence of minor 
complications. These authors concluded that a 
combined ACL reconstruction and coronal plane 
osteotomy was a relatively safe procedure with 
complication rates similar to an isolated osteot-
omy. Boss et  al. [56] reported 5 patients who 
required arthroscopic debridement and manipu-
lation for arthrofibrosis and 2 patients with sen-
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sory disturbances in 27 patients who underwent a 
combined ACL reconstruction and HTO. Dejour 
et  al. [57] noted 3 major complications and 16 
minor complications among 44 patients who 
underwent combined HTO and ACL reconstruc-
tion. As a result of the relatively low complica-
tion rates and favorable outcomes, these authors 
also favored a single-stage approach for this 
patient cohort. In contrast, Lattermann et al. [58] 
recommended a staged approach in patients 
under 40 with combined medial compartment 
osteoarthritis and ACL insufficiency. They rec-
ommended that the HTO be performed first fol-
lowed by ACL reconstruction if instability 
persists. In their series of eight patients who 
underwent the combined procedure, six of eight 
sustained major complications including two 
ACL re-ruptures.

 Conclusion

Assessment of coronal plane alignment is an 
essential element in the preoperative evaluation 
of patients considered for revision ACL recon-
struction. Unaddressed malalignment places the 
revision ACL graft at risk and can lead to elevated 
compressive loads in the medial or lateral com-
partment for varus or valgus malalignment, 
respectively. A thorough physical examination is 
mandatory to diagnose all ligamentous insuffi-
ciencies and potential sources of pain. Graft 
options in the revision setting must take into con-
sideration prior graft(s) and hardware used, hard-
ware placement for the realignment procedure, 
concurrent pathology, and activity goals. 
Accurate preoperative calculation of the degree 
of coronal plane correction, anatomic placement 
of the revision graft, and treatment of all associ-
ated meniscal and chondral damage are impera-
tive. The rehabilitation following these complex 
procedures is typically less permissive than fol-
lowing a primary ACL reconstruction as bone 
consolidation is the initial rate-limiting factor of 
the rehabilitation regimen. Low-impact activities 
should be emphasized to prevent further articular 
cartilage degeneration.
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Sagittal Plane Correction 
in Revision ACL Reconstruction

S. Mark Heard and Michaela Kopka

 Introduction

Tibial osteotomy has been an accepted surgical 
technique for the treatment of knee osteoarthritis 
(OA) for over 50 years [1]. However, its utility in 
the setting of knee ligament insufficiency has 
only come to prominence in recent years. As soft 
tissue reconstructive techniques have evolved, 
the impact of bony morphology on knee stability 
has received increased attention. The importance 
of coronal alignment in anterior cruciate liga-
ment (ACL)-deficient knees was addressed in 
detail in the previous chapter. This chapter will 
focus on the role of sagittal alignment and how 
osteotomy can be utilized to improve biomechan-
ics and thereby optimize outcomes in revision 
ACL reconstruction.

 Background

In the sagittal plane, posterior tibial slope (PTS) 
is best defined as the angle between a line per-
pendicular to the mid-diaphysis of the tibia and 
the posterior inclination of the tibial plateau. The 
normal values for the medial and lateral tibial 
plateau are 9–11° and 6–8°, respectively [2]. A 
number of biomechanical studies have demon-

strated that increased PTS leads to increased 
anterior tibial translation and subsequently 
increased strain on the native ACL. Dejour and 
Bonnin [3] determined that every 10° increase in 
PTS resulted in a 6 mm increase in anterior tibial 
translation. McLean et al. [4] demonstrated that 
elevated PTS was significantly correlated with 
increased anterior tibial translation and accelera-
tion, as well as peak anteromedial ACL bundle 
strain.

Clinical studies have corroborated these find-
ings by revealing an increased risk of ACL injury 
among patients with elevated PTS. In a matched 
cohort study of 100 patients undergoing ACL 
reconstruction compared to 100 patients present-
ing with patellofemoral pain, Brandon et al. [5] 
demonstrated a statistically significant increase 
in PTS for the ACL-injured patients. A 15-year 
prospective longitudinal study of 200 patients 
following ACL reconstruction concluded that 
those who sustained further ACL injury (either 
ACL graft rupture or contralateral injury) had a 
mean PTS of 9.9° compared to 8.5° for those 
without further injury. The odds of sustaining a 
new injury increased fivefold when PTS ≥12° 
[6]. In adolescent ACL reconstruction patients, 
the hazard of increased PTS is even more pro-
found with a 20-year ACL graft survival rate of 
only 22% in patients with PTS ≥12° [7].

Osteotomy aimed at decreasing PTS can 
effectively reduce the strain on the ACL graft 
and thereby decrease the risk of re-injury. In a 
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cadaveric study, Imhoff et al. [8] determined that 
tibial osteotomy significantly decreased anterior 
tibial translation in the ACL-deficient knee, as 
well as significantly decreased the force through 
the ACL graft in the reconstructed knee. 
Zaffagnini et  al. [9] prospectively assessed a 
cohort of 32 patients following revision ACL 
reconstruction and concurrent lateral closing 
wedge osteotomy. At a mean follow-up of 
6.5  years, the authors showed significant 
improvements in  patient- reported outcomes with 
an overall failure rate of only 6%. Even in the 
re-revision scenario, combining ACL recon-
struction with slope- reducing osteotomy has 
been proven to improve graft laxity and patient-
reported outcomes [10, 11].

 Indications

The decision to perform an osteotomy in the set-
ting of revision ACL reconstruction depends on a 
range of factors including coronal and sagittal 
plane alignment, integrity of other ligamentous 
structures, associated meniscal and chondral 
pathology, as well as patient characteristics 
including age, comorbidities, and functional sta-
tus. All of these factors must be considered when 
creating a preoperative plan.

The three most common types of osteotomies 
used to decrease tibial slope and, if necessary, 
correct coronal plane alignment are presented in 
Table  14.2. Careful patient evaluation and con-
sideration of all contributing factors must be per-
formed prior to determining which surgical 
approach is most appropriate.

In addition to the three osteotomies listed in 
Table  14.1, a medial closing wedge osteotomy 
can be utilized in a patient with failed ACL recon-
struction, valgus alignment, and increased 
PTS.  Although the distal femur is typically the 
site of correction in a valgus knee, if sagittal 
plane alignment needs to be addressed, then a 
tibial-based osteotomy may be necessary.

In selecting the most appropriate approach, it 
is also critical to consider the geometry of the 

proximal tibia and how different types of osteoto-
mies will affect sagittal plane alignment. Based 
upon three-dimensional computed tomography 
modelling, Noyes et al. [12] described the proxi-
mal tibia as a triangle where the posterior cortex 
forms a 90° angle with the lateral cortex and a 
45° angle with the medial cortex (Fig. 14.1). Due 
to this relationship, the “gap” angle of an antero-
medial opening wedge osteotomy will influence 
not only coronal alignment but also tibial slope. 
These authors determined that in order to main-
tain tibial slope, the height of the anterior osteot-
omy gap must be half that of the posterior gap. 
Further, each 1  mm of gap error leads to a 2° 
increase in PTS. This relationship makes it chal-
lenging to maintain – and particularly difficult to 
decrease – PTS when performing a medial open-
ing wedge osteotomy. In contrast, a lateral clos-
ing wedge osteotomy has been shown to be more 
likely to decrease PTS [13, 14]. Additional fac-
tors to consider when selecting between a medial 
and lateral osteotomy are outlined in Table 14.3.

Table 14.1 General indications and contraindications 
for performing a tibial osteotomy in the revision ACL 
setting

Indications Contraindications
Correcting coronal 
alignment

Concurrent posterior 
cruciate ligament (PCL) 
deficiency

Decreasing PTS Significant knee 
hyperextension (>10°)

Unloading the medial or 
lateral compartment (due to 
meniscal or chondral 
pathology or concurrent 
reconstructive procedure)

Grade 4 chondral injury 
in an isolated 
compartment

Decreasing stress on 
ligamentous structures (in 
the setting of bony 
malalignment)

Tricompartmental 
osteoarthritis

Inflammatory arthritis
Range of motion 
restrictions (>5° flexion 
contracture and/or < 120° 
of flexion)
Older (>65 years) and 
lower demand patients
Elevated body mass 
index (BMI >35)
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 Preoperative Planning

Standard preoperative patient evaluation includ-
ing a detailed history and thorough physical 
examination are essential when planning a 
 revision ACL reconstruction. Specific to osteot-
omy, it is important to determine whether sagittal 
plane instability is the sole complaint or if there 
are other contributing factors such as pain or cor-
onal plane instability. Physical examination 

Table 14.2 The three most common types of tibial oste-
otomies used to decrease tibial slope and correct coronal 
plane alignment as necessary

Type of 
osteotomy Goal Indications
Anterior 
closing 
wedge

Decrease PTS Failed ACL 
reconstruction with 
PTS >12° and/or 
high-grade anterior 
instability

Medial 
opening 
wedge

Decrease 
PTS + correct 
varus alignment

Failed ACL 
reconstruction with 
PTS >12° and/or 
high-grade anterior 
instability and
   Early to moderate 

medial compartment 
degenerative 
changes

   Medial meniscus 
deficiency

   Concurrent 
osteochondral or 
meniscal transplant

   Lateral ligament 
insufficiency with 
bony varus

Lateral 
closing 
wedge

Decrease 
PTS + correct 
varus alignment

Same indications as 
for medial opening 
wedge

Lateral Opening
Wedge HTO

Medial Opening
Wedge HTO

Ant

Slope Slope

Slope

= Slope

45°

Slope

Fibula

Post

Fig. 14.1 The proximal 
tibia can be represented 
as a triangle with the 
medial and lateral 
cortices forming 45°  
and 90° angles with the 
posterior cortex, 
respectively. An 
anteromedial osteotomy 
is thus more likely to 
increase slope, while a 
lateral osteotomy will 
decrease it. (Modified 
from Noyes et al. [13])

Table 14.3 Factors to consider when selecting between a 
medial opening and lateral closing wedge tibial 
osteotomy

Medial opening wedge 
osteotomy

Lateral closing wedge 
osteotomy

Difficult to decrease PTS Decreases PTS
Ability to “fine-tune” 
correction intraoperatively

Immediate weightbearing 
possible

Need for bone graft Decreased tension on 
lateral ligaments

Risk of non-union (i.e., 
smokers, large correction)

Risk of de-stabilizing the 
proximal tibia-fibula joint

Risk of patella baja Risk of patella alta
Increases leg length Decreases leg length

14 Sagittal Plane Correction in Revision ACL Reconstruction
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begins with an inspection of alignment to assess 
for coronal and sagittal plane abnormalities such 
as varus and hyperextension. The patient’s gait 
should be carefully evaluated for varus or hyper-
extension thrust. Leg length discrepancies should 
be measured as this may influence the type of 
osteotomy selected. Any asymmetries in range of 
motion (ROM) should also be documented, pay-
ing particular attention to restrictions of flexion 
and extension, as well as notable hyperextension 
deformities. A complete ligamentous examina-
tion should include a quantitative assessment of 
the ACL, PCL, medial ligament complex, and 
posterolateral ligament complex. Pseudolaxity 
due to meniscal and/or cartilage deficiency must 
be distinguished from true ligamentous laxity.

Radiographic (XR) evaluation begins with 
standard weightbearing anteroposterior (AP) and 
lateral views. A 45° flexion AP XR can be used to 
better assess the extent of degenerative change 
within the tibiofemoral joint. A skyline patellar 
view should also be included to determine if 
patellofemoral OA is present. A full-length stand-
ing XR is essential in order to evaluate for leg 
length discrepancy and accurately measure coro-
nal alignment. A full-length lateral XR can also 
be considered to determine if any distal or proxi-
mal sagittal plane abnormalities exist. Computed 
tomography (CT) should be standard in all revi-
sion ACL cases to accurately assess tunnel posi-
tion and the extent of tunnel enlargement. 
Magnetic resonance imaging (MRI) is helpful to 
identify other pathology, including chondral or 
meniscal injury, and to confirm the status of other 
ligamentous structures.

A number of methods have been described to 
measure the PTS.  The authors’ preferred tech-
nique is the circle method described by Hudek 
et  al. [15]. This involves drawing two circles 
from the anterior to posterior cortex of the proxi-
mal tibia and connecting their midpoints to define 
the anatomic axis. The PTS is then calculated as 
the angle between a line perpendicular to the ana-
tomic axis and the tibial plateau (Fig. 14.2). This 
technique can be employed with either a plain 
XR or cross-sectional imaging. It is important to 
obtain a true lateral XR to eliminate any joint 
obliquity. Cross-sectional imaging can permit the 

independent measurement of the lateral and 
medial tibial plateaus; however, there may not be 
sufficient proximal tibia included in the slices to 
fit the two measurement circles. A study compar-
ing the circle method to three other methods of 
PTS measurement indicated that the circle 
method had the lowest inter- and intra-observer 
variability and was not dependent on the length 
of proximal tibia measured [16].

Another consideration of note in planning an 
osteotomy and revision ACL reconstruction is 
whether to proceed as a single or staged proce-

Fig. 14.2 The circle method for calculating posterior 
tibial slope (PTS). Two circles are drawn between the 
anterior and posterior cortex of the proximal tibia. The 
superior circle is in line with the tibial tubercle. The ana-
tomic axis of the tibia is determined by connecting the 
midpoints of each circle (A). The PTS (α) is calculated as 
the angle between a line perpendicular to the anatomic 
axis (B) and the tibial plateau (C)
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dure. The first stage typically consists of osteot-
omy along with bone grafting of the ACL tunnels, 
if necessary. The second stage takes place once 
healing and bony consolidation have occurred 
and includes revision ACL reconstruction. The 
advantages of a staged approach include the 
following:

• The ability to address tunnel enlargement and/
or malposition with bone grafting.

• Technically less challenging.
• Rehabilitation of the ACL reconstruction is 

not compromised.
• Decreased risk of arthrofibrosis.
• Some patients may not require later ligament 

reconstruction (i.e., a lower-demand patient 
with low-grade AP laxity and symptoms of 
OA).

The main benefits of a single-stage approach 
are a quicker return to function and decreased 
risk of anesthetic complications. These benefits 
must be balanced by the increased technical chal-
lenge of a combined procedure as well as the 
associated potential increase in surgical compli-
cations including thromboembolism, infection, 
and arthrofibrosis.

 Cases

 Case #1

A 29-year-old male presents with bilateral knee 
instability. He initially injured his left knee in 
2015 while sliding into base during a baseball 
game. He underwent ACL reconstruction with 
hamstring autograft. No meniscal pathology was 
identified during the initial surgery. He suffered 
an atraumatic failure of his ACL within the first 
postoperative year and subsequently underwent 
revision reconstruction with soft tissue allograft. 
Unfortunately, this reconstruction also failed 
atraumatically, and he was advised to manage his 
symptoms conservatively with lifestyle modifica-
tion and a stabilizing knee brace. Shortly thereaf-
ter, the patient tore his right ACL during a 
baseball game. He is employed in sales and hopes 

to return to baseball and volleyball at a recre-
ational level.

On physical examination, he is 5 foot 11 inches 
and 250 pounds (he has gained 30 pounds since 
his initial injury), with a BMI of 34. He has neu-
tral alignment and a normal gait with no thrust. 
ROM assessment reveals 5° of hyperextension 
and 140° of flexion, bilaterally. Ligamentous 
examination reveals a grade 3 Lachman and grade 
3 pivot shift on the left and a grade 2 Lachman 
and grade 2 pivot shift on the right. No other liga-
mentous instability is evident with varus, valgus, 
posterior drawer, or Dial testing.

XR reveals interference screw fixation on both 
the femoral and tibial side from a previous left 
ACL reconstruction. There is no evidence of 
osteoarthritis or patella alta. The PTS is mea-
sured as 15° in both knees (Fig. 14.3). Full-length 
standing XR indicates neutral coronal alignment. 
Computed tomography confirms appropriate tun-
nel placement with no evidence of enlargement. 
An MRI is/was not performed.

This case highlights the importance of mea-
suring PTS as part of the standard work-up in all 
ACL-deficient patients. This particular patient 
has an elevated PTS bilaterally. This bony mor-
phology was not addressed at the initial and first 
revision surgeries and thus contributed to ACL 
graft failure. Accordingly, a slope-reducing oste-
otomy must be a component of the surgical plan 
for this revision ACL reconstruction scenario. 
This patient has neutral alignment in the coronal 
plane and no evidence of meniscal or chondral 
pathology; therefore, only sagittal plane correc-
tion is necessary.

Given that tunnel size and position were 
deemed appropriate, a revision ACL reconstruc-
tion was planned concurrent with the osteotomy. 
A patellar tendon autograft was selected for this 
patient. This is the authors’ preferred graft in a 
revision scenario as it allows for early bone-to- 
bone healing and can fill large (up to 10 mm) tun-
nels. Additionally, the tibial bone plug can cross 
the osteotomy site, thus providing increased sta-
bility. In tunnels larger than 10 mm or if patellar 
tendon is not available, quadriceps tendon auto-
graft (with or without a bone plug) may be 
utilized.

14 Sagittal Plane Correction in Revision ACL Reconstruction
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An anterior closing wedge osteotomy com-
bined with revision ACL reconstruction was 
selected for this patient in order to address his 

elevated PTS without altering his coronal plane 
alignment. A tibial tubercle osteotomy was per-
formed due to the large degree of correction nec-

a

b

Fig. 14.3 (a) Preoperative, weightbearing AP XR, bilat-
eral knees. Left knee shows a previous ACL reconstruc-
tion with interference screw fixation. (b) Preoperative, 

weightbearing lateral XR, bilateral knees. PTS is mea-
sured bilaterally as 15°
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essary (8°) and so as to not alter the position of 
the patella. The ACL was reconstructed with 
patellar tendon allograft. This was performed as a 
single-stage procedure. The technical details are 
outlined below.

Four months postoperative from the above-
mentioned left knee, a primary ACL recon-
struction with patellar tendon autograft and 
concurrent anterior closing wedge osteotomy 
was performed on the contralateral (right) knee 
(Fig. 14.4). Although the use of osteotomy in 
the primary ACL reconstruction setting is con-
troversial, the rationale in this case was the 
elevated PTS of 15°, as well as the patient’s his-
tory of ACL graft failure on the contralateral 
(left) knee.

 Case #2

A 48-year-old female presents with left knee pain 
and instability. She initially injured her left knee 
in 1991 in a twisting fall while skiing. She under-
went ACL reconstruction with patellar tendon 
autograft and partial medial meniscectomy. She 
had two additional arthroscopic surgeries for 
recurrent meniscal tears. Two years ago, she rein-
jured her knee while playing soccer and sustained 
a rupture of her ACL graft. She is employed as a 
pharmaceutical representative and hopes to return 
to skiing and soccer at a recreational level.

On physical examination, the patient is 5 foot 
9 inches and 185 pounds with a BMI of 28. She 
has neutral alignment and evidence of a slight 

Fig. 14.4 Postoperative AP and lateral XR of the left 
knee. An anterior closing wedge HTO was performed and 
secured with two staples. The PTS was decreased to 6°. A 

concurrent ACL reconstruction with patellar tendon auto-
graft was performed
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varus thrust on gait assessment. Range of motion 
is 2–135° on the left and 0–140° on the right. 
Ligamentous examination of the left knee reveals 
a grade 2 Lachman and grade 1 pivot shift. There 
is some pseudolaxity to varus stress but no liga-
mentous instability to valgus, posterior drawer, 
or Dial testing.

X-rays reveal interference screw fixation on 
both the femoral and tibial side from a previous 
ACL reconstruction. Moderate OA is noted in the 
medial compartment, and PTS is measured as 
12°. Full-length standing XR shows mild (<5°) 
varus alignment (Fig. 14.5). An MRI confirms 
complete rupture of the ACL graft, subtotal 
medial meniscectomy, and moderate chondral 
loss in the medial compartment. Articular sur-
faces in the lateral and patellofemoral compart-
ments are preserved. Tunnel position is 
appropriate with no evidence of enlargement. A 
CT was not performed.

This case illustrates the not uncommon sce-
nario of a patient with a failed ACL reconstruc-
tion and early medial compartment 
OA. Considering the increased PTS of 12° and 
mild varus deformity, this patient would benefit 
from a realignment osteotomy in both the sagittal 
and coronal planes. Accordingly, a lateral closing 
wedge osteotomy was selected due to its ability 

to decrease PTS and correct varus alignment. A 
revision ACL reconstruction was performed con-
currently as there were no concerns regarding 
tunnel size or position. A patellar tendon allograft 
was used due to the patient’s age (Fig. 14.6).

 Surgical Technique for Anterior 
Closing Wedge Osteotomy and ACL 
Reconstruction

As with any complex procedure, the order of the 
surgical steps is of particular importance and 
should be clear to the entire operating room team. 
The authors recommend beginning with ACL 
graft harvest and preparation. The incision site 
should be carefully planned so as to incorporate 
the osteotomy whenever possible. A midline inci-
sion from the distal pole of the patella to the dis-
tal aspect of the tibial tubercle allows access to 
the patellar tendon for graft harvest and exposes 
the anterior tibia for optimal visualization of the 
osteotomy. Alternatively, a “lazy-S” incision can 
be utilized to expose the proximal medial tibia 
for visualization of the tibial tunnel and fixation 
of the osteotomy (Fig. 14.7).

An arthroscopic evaluation of the knee should 
be performed next. The chondral cartilage should 

a b c

Fig. 14.5 (a) Preoperative, weightbearing AP XR, bilat-
eral knees. Left knee shows a previous ACL reconstruc-
tion with interference screw fixation and medial 
compartment narrowing consistent with OA. (b) 

Preoperative, weightbearing lateral XR, left knee. PTS is 
measured as 12°. (c) Preoperative, full-length standing AP 
XR reveals slight varus alignment on the left
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be carefully inspected, and any chondral or 
meniscal pathology can be addressed. The femo-
ral tunnel of the ACL should be drilled in its ana-
tomic location. The tibial tunnel is not drilled at 
this time but can be landmarked to facilitate drill-
ing once the osteotomy is complete.

The tibial osteotomy should be performed as 
the next step. A tourniquet may be utilized as 
bleeding from the osteotomy site can obscure the 
surgical field. Although not always necessary in 
small corrections, the authors advocate for a tib-
ial tubercle osteotomy concurrent with an ante-
rior closing wedge osteotomy. The benefits of a 
tibial tubercle osteotomy are that it improves 
visualization of the anterior tibia, allows for 
greater correction of alignment if needed, and 
enables repositioning of the tubercle to prevent 
patella baja. The main disadvantage is delayed 
union. Note that a tibial tubercle osteotomy 
should not be performed with ipsilateral patellar 
tendon harvest. A long (6 cm) and thin (1–2 cm) 

tibial tubercle osteotomy is performed in a plane 
perpendicular to the anterior tibial cortex. The 
edges of the patellar tendon correspond to the 
medial and lateral borders of the osteotomy. Once 
the tubercle has been osteotomized, two Steinman 
pins can be placed in a converging fashion from 
anterior to posterior at the expected site of the 
anterior closing wedge osteotomy (Fig. 14.8). 
Fluoroscopy may be used to confirm the pin posi-
tion and degree of correction. In general, removal 
of 1 millimeter of anterior tibial cortex corre-
sponds to a 1 degree decrease in PTS. An oscillat-
ing saw should be used to initiate the cortical 
cuts, and osteotomes may be helpful to complete 
them as they provide more tactile and acoustic 
feedback and are less likely to cause neurovascu-
lar injury. The posterior cortex should not be dis-
rupted in an anterior closing wedge osteotomy.

The osteotomized wedge of bone is removed, 
and curettes are used to extract cancellous bone 
until the posterior cortex of the tibia is exposed. 

Fig. 14.6 Postoperative AP and lateral XR of the left 
knee. A lateral closing wedge HTO was performed and 
secured with two staples. The PTS was decreased to 5°. A 

concurrent ACL reconstruction with patellar tendon 
allograft was performed with secondary fixation of the 
tibia over a small-fragment screw

14 Sagittal Plane Correction in Revision ACL Reconstruction



220

This can be used for bone graft along the osteot-
omy site once complete. The knee is then placed 
into hyperextension to close the osteotomy gap. 
In large corrections, the proximal tibia-fibula 
joint will need to be released to ensure complete 
closure of the osteotomy laterally. This is 
 typically performed from the medial aspect of the 
joint so as to not injure the common peroneal 
nerve. Complete closure of the osteotomy and the 
degree of correction are confirmed clinically and 
fluoroscopically. The osteotomy is fixated with 
two crossing 3.5  mm screws directed from 
anteromedial/lateral to posterolateral/medial or 
two large staples. Fixation of the tibial tubercle is 
performed with two 3.5 mm screws in an anterior 
to posterior fashion ensuring bicortical fixation 
and adequate compression to minimize the risk 
of delayed union. When placing the osteotomy 
hardware, consideration should be given to the 
position of the ACL tibial tunnel.

The tibial tunnel of the ACL should be drilled 
next. The arthroscope is re-introduced into the 
knee and the tunnel landmarked in the anatomic 
footprint on the tibia. It is preferable that the tun-
nel crosses the osteotomy site to improve fixa-
tion. Finally, the ACL graft should be passed and 
secured in the standard fashion.

The incision should be closed in layers, using 
interrupted sutures or staples for the skin to facil-
itate drainage of the wound and decrease the risk 
of hematoma and compartment syndrome. 
Thromboembolic prophylaxis is recommended 
for 2 weeks postoperative. A stabilizing brace is 
typically not needed, and early range of motion is 
encouraged. Isometric strengthening exercises 
are initiated as tolerated. The patient can begin 
partial weightbearing with the use of crutches 
immediately postoperative, and full weightbear-
ing is permitted at 6 weeks. Plyometric exercises 
begin around 4 months. Return to sport is delayed 
for at least 1 year and until the patient has passed 
appropriate clinical and functional assessments.

Fig. 14.7 A “lazy-S” incision can be used to expose the 
patellar tendon for graft harvest and the proximal medial 
tibia for visualization of the ACL tibial tunnel and anterior 
osteotomy site.

Fig. 14.8 Intraoperative photo showing a TTO exposing 
the anterior tibia with two converging Steinman pins indi-
cating the planned osteotomy site and orientation
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 Discussion

Assessment of alignment in the sagittal plane is a 
critical step in preoperative planning for revision 
ACL reconstruction. In general, a slope-reducing 
osteotomy should be considered if PTS is mea-
sured as ≥12°. In Case #1, an inherently elevated 
PTS was not recognized and thereby contributed 
to ACL graft failure. An anterior closing wedge 
osteotomy is most effective at reducing PTS 
without affecting coronal plane alignment. When 
coronal plane correction is desired, as in Case #2, 
a lateral or medial osteotomy should be consid-
ered. The advantages and disadvantages of a 
medial opening or lateral closing wedge osteot-
omy to correct varus alignment and address tibial 
slope were previously reviewed. Of particular 
importance in the setting of ACL deficiency are 
the geometry of the proximal tibia and the effect 
of the osteotomy “gap” on tibial slope [12]. Due 
to this relationship, a lateral closing wedge oste-
otomy is much more likely to decrease PTS, 
while a medial opening wedge osteotomy is more 
likely to increase it (Fig. 14.9). In light of these 

findings, the authors’ preferred approach to cor-
rect varus alignment and decrease PTS in an 
ACL-deficient knee is a lateral closing wedge 
osteotomy.

Another important consideration in osteotomy 
planning is the position of the patella. In general, 
closing osteotomies tend to increase patellar 
height (alta), while opening osteotomies tend to 
decrease it (baja). A tibial tubercle osteotomy to 
shift the patella proximally or distally should be 
considered if there is concern about patellar mal-
position following a planned osteotomy. A distal-
izing tibial tubercle osteotomy was performed in 
Case #1 due to the need for a large sagittal plane 
correction that could have resulted in a patella 
alta. When needed, the tubercle will be translated 
distally to equal the correction from the sagittal 
plane osteotomy. We also find it optimal to have 
the tubercle positioned on both sides of the oste-
otomy, and, if possible, to have screw purchase 
on both sides of the osteotomy cut.

Leg length should also be taken into account 
in planning for either an opening or closing oste-
otomy. Many individuals have some degree of 
congenital leg length discrepancy, and, in gen-
eral, up to 10  mm is reasonably well tolerated. 
However, it is important to be mindful of not 
over-lengthening the limb with an opening oste-
otomy or substantially shortening it with a clos-
ing wedge osteotomy. Importantly, limb length is 
affected by both coronal and sagittal plane cor-
rections. For example, a medial opening wedge 
osteotomy will increase leg length both due to the 
osteotomy gap and by the degree of coronal 
realignment. Similarly, a lateral closing wedge 
osteotomy will decrease leg length due to the 
osteotomy gap and increase it by the degree of 
coronal plane correction. It is critical to consider 
these relationships in preoperative planning and 
surgical decision-making.

Finally, the complete ligamentous status of the 
knee must be carefully evaluated in any revision 
ACL scenario. Collateral ligament instability in 
the setting of coronal plane malalignment will 
benefit from osteotomy, and this should be incor-
porated into the surgical plan. In some cases, 
osteotomy can correct both the sagittal and 
 coronal plane instability without the need for 
subsequent ligament reconstruction. Conversely, 

Fig. 14.9 Lateral XR of a patient whose PTS was inad-
vertently increased in performing a MOW-HTO for early 
medial compartment OA.  They subsequently developed 
sagittal plane instability, and osteoarthritis continued to 
progress
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an osteotomy can be combined with ligamentous 
reconstruction in order to restore sagittal and 
coronal plane stability (Fig. 14.10).

 Conclusion

Failed ACL reconstruction is a frustrating situa-
tion for both the patient and surgeon. It is essen-
tial that all modifiable factors predisposing to 
graft failure are eliminated prior, or concurrent 
to, proceeding with revision reconstruction. 
Increased posterior slope of the proximal tibia 
has been well documented to contribute to ACL 
rupture and should thus be addressed with a 
slope-reducing osteotomy. The best approach is 
dependent on a variety of factors, and each patient 
should be evaluated independently. The addition 

of tibial osteotomy to a surgeon’s toolbox can 
greatly enhance the management of complex 
knee instability cases and thereby contribute to 
reduced ACL graft failure and improved patient 
outcomes.
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Lateral Extra-articular Tenodesis 
in Revision Anterior Cruciate 
Ligament Reconstruction

Michelle E. Arakgi, Lachlan M. Batty, 
and Alan M. J. Getgood

 Case 1

A 21-year-old female soccer player initially suf-
fered a non-contact knee injury resulting in an 
ACL tear. She underwent a successful ACL 
reconstruction with hamstring autograft, had an 
uneventful recovery and returned to sport at 
8 months post-op. At 10 months post-op, she suf-
fered a repeat non-contact injury with graft fail-
ure. Clinical examination demonstrated full 
range of motion with a grade 2 Lachman, grade 2 
pivot shift, intact PCL and collateral ligament 
exams. No significant recurvatum was seen on 
the examination. Radiographs demonstrated 
appropriate tunnel placement with no widening. 
Given the patient’s young age, activity level and 
role as an elite soccer player, the decision was 
made to augment the revision with an extra- 
articular tenodesis. She underwent a single-stage 
revision ACL reconstruction with BTB autograft 
and LET (Fig. 15.1). Her recovery was unevent-
ful, and full return to sport was accomplished.

 Case 2

A 24-year-old male football player suffered a 
non-contact football injury, resulting in an ACL 
rupture and an irreparable medial meniscus tear. 
He underwent ACL reconstruction with ham-
string autograft and a very small partial medial 
meniscectomy, removing less than 10% of the 
meniscal tissue and leaving a sufficient rim of 
more than 5 mm. The patient then suffered a sec-
ond deceleration injury 6 months post-op, result-
ing in graft failure without a change in the status 
of the meniscus. He underwent revision ACL 
with BTB autograft. At 10 months post-revision 
ACL reconstruction, he was playing baseball and 
suffered another twisting injury resulting in a 
second re-tear.

Clinical examination at the time demonstrated 
neutral limb alignment, excellent muscle tone, 
grade 3 Lachman, grade 3 pivot shift, no external 
rotation laxity and intact collaterals. Lateral 
radiographs demonstrated an increased posterior 
slope of 14 degrees without significant recurva-
tum on exam (Fig.  15.2a). Given the multiple 
graft failures, the decision was made to address 
slope and ACL deficiency concurrently. The 
patient underwent anterior closing wedge high 
tibial osteotomy with revision ACL reconstruc-
tion with quadriceps tendon autograft and LET 
(Fig. 15.2b, c). LET in this case was especially 
helpful, given the potential for hyper-extension 
after anterior closing wedge high tibial osteot-
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omy. As the meniscal deficiency was minute, we 
did not indicate the patient for medial meniscus 
allograft transplantation. He has subsequently 
returned to athletics with no residual instability.

 Introduction

Anterior cruciate ligament (ACL) reconstruction 
(ACLR) has generally favourable outcomes. 
However, there remains a subset of patients who 
go on to fail [1, 2]. Graft failure can occur as a 
result of traumatic rupture, biologic factors (fail-
ure of graft to incorporate), technical errors of 

tunnel placement or unrecognized concomitant 
laxity [3]. Clinical failure may present with resid-
ual rotatory laxity resulting in instability, unac-
ceptable stiffness or pain. A systematic review in 
2011 suggested a 19% incidence of increased 
anterolateral rotatory laxity (pivot shift grade 2 
and higher) after ACL reconstruction [4].

Undiagnosed concomitant injury to the antero-
lateral complex (ALC), which includes the ilio-
tibial band (ITB) and anterolateral ligament 
(ALL), has been proposed to cause anterolateral 
rotatory instability (ALRI) that leads to increased 
failure of ACLR. ALRI is accentuated by other 
ligamentous deficiencies, particularly the ACL 

a b

Fig. 15.1 Case 1. Post-operative radiograph demonstrating the position of the staple on both (a) anteroposterior and 
(b) lateral radiographs
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[5]. The role of the ALC, and the ALL in particu-
lar, has been an area of intense controversy and 
recent study in regard to knee stability in recent 
years [6, 7].

Lateral extra-articular tenodesis (LET) proce-
dures are a diverse group of nonanatomic opera-
tions that have been described to help control 
ALRI. Additionally, LET has been proposed to 
protect the ACL graft from strain during the ini-
tial healing period [5, 8]. Definitive evidence sup-
porting the indications for LET procedures and 
long-term outcomes in revision ACLR are still 
emerging. The ALC Consensus Group, however, 
met in 2018 to discuss the available literature 
regarding the ALC and LET procedures. Based 
on the current evidence, they concluded that they 
were unable to make definitive recommendations 
on when to add LET to ACLR. The group sug-
gested that LET procedures may be indicated in 
the context of revision ACLR and in primary 
ACLR in patients who present with a high-grade 
pivot shift and generalized ligamentous laxity 
and in young patients wishing to return to pivot 
sports [9]. Recent studies support these indica-
tions in the primary ACLR setting [10, 11]. The 
aim of the current chapter is to examine the rele-
vant anatomy and biomechanics in ALRI and the 
role of LET in revision ACL reconstruction.

 Relevant Anatomy

The ALC is comprised of the superficial iliotibial 
band (ITB), the deep ITB and its capsulo-osseous 
layer attachments from the distal femur to the 
proximal tibia and the ALL, a ligamentous struc-
ture within the anterolateral capsule [7, 9].

The anterolateral ligament (ALL) was first 
described by Segond in 1879 [12]. The ALL is a 
ligamentous structure within the anterolateral 
capsule of the knee. The ALL is best visualized 
with the knee flexed at 60 degrees and the tibia 
maximally internally rotated after sectioning the 
ACL [6]. In this position, the firm fibres can be 
seen running from the lateral epicondyle to the 
femur to the anterolateral portion of the tibia.

Differing dissection techniques and difficulty 
distinguishing the ALL from the anterolateral 
capsule can make the ALL challenging to iden-
tify [7, 9, 13]. Therefore, the prevalence of the 
ALL in the knee in cadaveric studies has ranged 
from 45% to 100% [13–16]. Additionally, authors 
have also described the ALL as being under the 
ITB and within the anterolateral capsule [17].

Histologically, there again is controversy 
observed in the literature. A 2020 cadaveric study 
in paediatric knees demonstrated that there was 
no discernible ligamentous tissue found within 

a b c

Fig. 15.2 Case 2. Radiographs demonstrate (a) pre-operative increased tibial slope of 14 degrees. Post-operative radio-
graphs demonstrating reduced posterior slope and revision ACL reconstruction with LET (b, c)
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the ALC with histological,  immunohistochemical 
or molecular analyses [18]. In adult cadaveric 
studies, however, others have found the ALL to 
be differentiated from the capsular tissue as it is 
comprised of dense connective tissue collagen 
bundles which are more consistent with ligamen-
tous tissue [7, 19]. This band of connective tis-
sues is often surrounded by loose synovial tissue 
[20]. Anti-human neurofilament protein stains 
have also revealed a large amount of peripheral 
nerves and mechanoreceptors suggesting a poten-
tial proprioceptive role of the ALL [21].

 Biomechanical Rationale for Lateral 
Augmentation

Multiple cadaveric studies have investigated the 
role of the ALC on knee stability [22–26]. The 
anterolateral structures have been demonstrated 
to act as secondary stabilizers to anterolateral 
rotation in the knee. The ALL begins to load 
share beyond the physiological limits of the ACL 
[25, 26]. This indicates that the ALL has little 
role in controlling internal rotation in the ACL 
intact knee. A 2015 study demonstrated that sec-
tioning of the ALL was observed to result in a 
statistically significant increase in anterior trans-
lation and internal rotation after the ACL was 
sectioned during an early-phase pivot shift [22].

In knees with combined ALL and ACL injury, 
ACL reconstruction alone has been shown to be 
inadequate at restoring anterolateral stability, 
resulting in significant residual rotational laxity 
[23, 27]. A 2016 in vitro robotic study examined 
the biomechanical effect of reconstruction of the 
ALL on rotatory stability when performed in 
combination with ACLR [23]. Kinematic differ-
ences between ACLR with an intact ALL, ACLR 
with ALL reconstruction using semitendinosus 
allograft and ACLR with a deficient ALL were 
compared with the intact state. In this study, com-
bined anatomic ALL reconstruction and ACLR 
significantly improved the rotatory stability of 
the knee compared with isolated ACLR in the 
face of a concurrent ALL deficiency. Additionally, 
during pivot shift testing, ALL reconstruction 
significantly reduced internal rotation and axial 

plane tibial translation when compared with 
ACLR alone with an ALL deficiency [23].

When examining the effects of LET on in vitro 
knee kinematics, a 2016 study demonstrated that 
both the modified Lemaire procedure and modi-
fied MacIntosh procedure restored rotational 
kinematics to the intact knee state [27]. Similar 
results were demonstrated in a 2019 study that 
examined multiple types of lateral augmentation 
procedures on the ACL- and ALC-deficient knee. 
In this study, the ACL and ALC (including ALL, 
capsule, and Kaplan fibres) were sectioned. After 
ACLR, the knees underwent five different lateral 
augmentation procedures. It was again noted that 
ACLR alone could not restore normal knee kine-
matics. The study found that ALL reconstruction 
and Ellison procedures were able to restore phys-
iologic knee kinematics. Lemaire and MacIntosh 
procedures resulted in supra-physiologic con-
straint in this study [28].

 Types of LET Procedures

Multiple different LET procedures have been 
described in the literature. Many were initially 
proposed for the treatment of ACL-deficient 
knees in isolation, without concomitant intra- 
articular ACLR [29–35]. Many of these tech-
niques have also undergone modifications over 
the years. The original Lemaire technique forms 
the basis for many LET procedures [5]. The 
original Lemaire technique described using a 
1.5 × 18  cm strip of ITB autograft [29]. This 
graft was left attached distally at Gerdy’s tuber-
cle and passed under the fibular collateral liga-
ment (FCL) and through a femoral bone tunnel 
back under the FCL and anchored in a tibial 
bone tunnel at Gerdy’s tubercle (Fig.  15.3a). 
The current modified Lemaire technique uses a 
single 7–8  cm strip of ITB left attached to 
Gerdy’s tubercle, passed under the FCL and 
secured to the femur within a bone tunnel or via 
a staple/suture anchor (see author’s technique 
and Fig. 15.4a–g) [30, 31].

The Ellison procedure uses an ITB graft that is 
detached distally from its insertion with the use 
of a bone block [32]. The graft is passed deep to 
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the FCL and anchored just anterior to Gerdy’s 
tubercle with a staple (Fig. 15.3b). A capsular pli-
cation is also performed in conjunction to the 
tenodesis deep to the FCL.

The original MacIntosh procedure is similar 
to the Lemaire in that it uses an ITB autograft left 
attached distally to Gerdy’s tubercle [35]. The 20 
× 2 cm graft is passed deep to the FCL, through a 
subperiosteal tunnel behind the FCL, then 
through a proximal tunnel in the intermuscular 
septum. The graft is then sutured back onto itself 
(Fig. 15.3c). A modification of this procedure has 
been described where a 2  cm strip of ITB is 
passed deep to the proximal FCL where it is 
sutured. It is then passed over top of itself and 
secured at Gerdy’s tubercle with the use of a sta-
ple [33]. The MacIntosh technique has also been 
described as a combined intra- and extra-articular 
technique [34]. In this “over-the-top” procedure, 
a 25 × 4 cm strip of ITB is left attached distally to 
Gerdy’s tubercle. It is passed deep to the FCL. It 
is then passed subperiosteally anterior to the 
intermuscular septum and then over the femoral 
condyle and into the knee to be used for ACLR.

 Patient Assessment and Indications 
for LET in Revision ACLR

LET procedures should be considered in the revi-
sion setting when other factors predisposing a 
patient to graft failure have been excluded. 
Patients with primary graft failure should be 
investigated with complete history, physical 
examination and appropriate imaging.

History should include details of primary sur-
gery including arthroscopic findings, post- 
operative rehabilitation course, time to return to 
sport and onset of recurrent instability (insidious 
versus acute traumatic rupture). Additionally, 
delineating the patients sporting and activity 
aspirations can help guide treatment.

Physical examination begins with assessment 
of weight-bearing alignment and gait abnormali-
ties. In-depth assessment of collateral and cruci-
ate ligaments including posterolateral, 
posteromedial, anterolateral and anteromedial 
corners should be completed to assess overall 
soft tissue integrity. When considering LET, par-
ticular attention should be paid to residual 

a c

b

Fig. 15.3 LET procedures. (a) Lemaire technique; (b) Ellison technique; (c) MacIntosh technique (FCL fibular col-
lateral ligament, ITB iliotibial band, IMS intermuscular septum)
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ALRI. Evidence of high-grade pivot shift test is 
indicative of ALRI [36, 37].

Appropriate imaging should include plain 
radiographs (weight-bearing films including hip- 
to- ankle alignment films), MRI and CT scan. 
Plain radiographs provisionally assess tunnel 
position and size and existing hardware. 
Alignment radiographs can also identify bony 
malalignment that can contribute to graft failure 
such as increased tibial slope or coronal malalign-
ment with particular attention paid to asymmetry 
[38]. MRI can further reveal ligamentous or 
meniscal deficiency that contributes to residual 
instability. CT is regarded as the gold standard to 
evaluate tunnel widening and tunnel position 
[39]. Stress radiographs can augment clinical 
examination in the assessment of concomitant 
ligamentous injury such as the posterolateral 
corner.

Once other factors contributing to the index 
ACL failure have been identified and addressed, 
the authors suggest the following possible clini-

cal scenarios where addition of LET would be 
appropriate:

 1. Traumatic graft rupture in a young patient 
with previously well-functioning graft and 
well-positioned tunnels where the patient has 
a desire to return to multidirectional sports

 2. Clinical graft failure with non-modifiable risk 
factors including meniscal deficiency, unre-
sponsive to appropriate rehabilitation pro-
gram, generalized ligamentous laxity or 
high-grade pivot shift

 3. Graft failure with no clear cause for failure
 4. Residual ALRI with intact graft

 Outcomes of LET in Revision 
Surgery

Initial studies examining LET procedures in iso-
lation showed variable outcomes and failed to 
definitively demonstrate the efficacy of the pro-

a d e

f g

b

c

Fig. 15.4 Senior author’s technique of modified Lemaire 
LET. (a) A 6 cm longitudinal skin incision is made just 
posterior to the lateral epicondyle, stopping 2  cm from 
Gerdy’s tubercle. (b) The subcutaneous tissue is dissected 
down to the ITB. (c) A 1-cm-wide by 8-cm-long strip of 
the posterior half of the ITB is harvested, leaving intact 
the distal attachment at Gerdy’s tubercle as well as the 
Kaplan fibre complex. (d) The fibular collateral ligament 

(FCL) is located and dissected. A Kelly is passed beneath 
the FCL. (e) The graft is tunnelled deep to the FCL. (f) 
Fixation of the tenodesis is performed with a staple, with 
the graft tensioned to no more than 20 N with the knee 
held at 60° of flexion and neutral rotation of the tibia. (g) 
The ITB is tacked closed with number 1 Vicryl suture. 
(Ethicon Inc., Somerville, NJ)
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cedure [40, 41]. With the renewed interest in the 
ALL and its modern use in combination with 
ACLR and revision ACLR, the outcomes have 
been more promising. Recent studies have dem-
onstrated improved patient-reported outcomes 
and decreased rates of failure with combined 
ACLR and LET compared to ACLR alone in both 
the primary and revision setting [42–47].

A study in 2006 evaluated revision ACLR 
with hamstring autograft combined with modi-
fied MacIntosh LET [43]. Thirty patients were 
evaluated at a mean 5 years post-operatively. A 
graft was considered to have failed when a revi-
sion was done or when the side-to-side difference 
on KT-1000 arthrometer testing was >5 mm and/
or the pivot shift test grade was greater than a 
trace. At the time of final follow-up, one patient 
had undergone repeat revision for graft failure at 
3 years post-operatively. Pivot shift was normal 
in 15 patients (50%), slightly positive in 11 
patients (37%) and positive in 2 patients. Overall 
rate of failure was 10%. There were no degenera-
tive changes noted on radiographs.

Similarly, a 2019 study examined the func-
tional results of combined LET and ACLR in pro-
fessional soccer players. In the retrospective 
review, 24 professional soccer players were anal-
ysed at a mean of 42  months post-operatively 
[42]. ACLR revision was performed with an 
autologous bone–patellar tendon–bone autograft 
or a hamstring graft. LET was performed using a 
MacIntosh procedure. At the time of final follow-
 up, AP laxity was significantly reduced 
(p < 0.0001). Twenty-two patients (92%) had a 
negative pivot shift, and two had a residual glide 
(8%). The mean subjective IKDC and Lysholm 
score improved from 69.5 ± 11.1 (range: 56–90) 
to 88.4  ±  8.9 (range: 62.1–100) and from 
58.1 ± 11.7 (range: 33–72) to 97.4 ± 3.2 (range: 
88–100), respectively, with significant improve-
ment (p  <  0.0001) over pre-operative values. 
There was a 92% return to sport at the same level. 
Failure rate was reported as 8% [42].

A 2012 study directly compared revision ACL 
alone to revision ACL with the addition of LET 
[47]. The retrospective multicentre study included 
patients operated on from 1994 to 2003 at ten dif-
ferent centres with a minimum of 2 years follow-

 up. There were 163 patients included in the study. 
An associated LET was performed in 84 patients 
(51%). Type of LET performed and specific indi-
cations for the procedure were not disclosed by 
the authors. Failure was defined as grade 2 or 3 
pivot shift or KT-1000 test showing a difference 
of greater than 5 mm. Failure rate was 15% in the 
revision ACLR group and 7% in the revision 
ACLR with LET group. At final follow-up, 63% 
of patients in the revision ACLR alone group had 
a negative pivot shift compared to 80% in the 
revision ACLR with LET (p = 0.03). There was, 
however, no statistical difference between groups 
with respect to IKDC scores.

A 2018 study investigated radiographic changes 
in patients who underwent ACLR with semitendi-
nosus autograft combined with LET. Patients were 
evaluated at a mean of 10 years follow-up. There 
was a 7.6% failure rate based on side-to-side 
KT-1000 evaluation, >2 or higher pivot shift or 
patient-reported instability. Severe degenerative 
changes were seen in 25% of patients. The only 
risk factor that correlated with degenerative 
changes was previous meniscectomy [48].

The French Society of Arthroscopy investi-
gated the rate of complications associated with 
combined primary ACLR and LET [46]. Thirteen 
surgical centres prospectively studied 392 cases 
of ACLR with LET with a minimum of 1-year 
follow-up. Multiple techniques for LET were 
used including both single continuous grafts and 
separate grafts for each procedure. Outcome 
measures included range of motion, time to 
return to normal gait, Lachman testing, adverse 
events and re-tear. Two patients (0.5%) required 
manipulation under anaesthesia for flexion defi-
cit, and four patients (1%) underwent arthroscopic 
lysis of adhesions for extension deficit. At the 
time of arthroscopy, this was found to be related 
to cyclops lesion and not the LET.  During the 
first year, there was 1.7% rate of revision surgery 
specific to LET (three tibial screw and three fem-
oral screw removal). Overall re-tear rate was 
2.8% at 2 years follow-up. This study indicates 
the low morbidity associated with the lateral 
extra-articular procedures and highlights the 
increased post-operative stability and reduced 
failure rate.
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 Senior Author’s Preferred Surgical 
Technique

The modified Lemaire technique is used by the 
senior author (AG) [30]. The leg is positioned in 
80 degrees of flexion. A 6 cm longitudinal skin 
incision is made just posterior to the lateral epi-
condyle, stopping 2  cm from Gerdy’s tubercle 
(Fig. 15.4a). The subcutaneous tissue is dissected 
down to the iliotibial band (Fig. 15.4b). A 1-cm- 
wide by 8-cm-long strip of the posterior half of 
the ITB is harvested, leaving intact the distal 
attachment at Gerdy’s tubercle as well as the 
Kaplan fibre complex (Fig. 15.4c). The free end 
of the tendon is whipstitched with a number 1 
Vicryl suture (Ethicon Inc., Somerville, NJ). The 
fibular collateral ligament (FCL) is located and 
dissected. A Kelly is passed beneath the FCL 
(Fig.  15.4d). The graft is tunnelled deep to the 
fibular collateral ligament (FCL) (Fig.  15.4e). 
The graft is then attached to the femur just proxi-
mal to the metaphyseal flare of the lateral femoral 
condyle, proximal and posterior to the FCL fem-
oral attachment and just anterior to the insertion 
of the distal Kaplan fibres of the ITB. Care must 
be taken during dissection at this point to avoid 
compromise of the ACL femoral fixation which 
is in the vicinity of this area. Fixation of the teno-
desis is performed with a staple (Fig. 15.4f), with 
the graft tensioned to no more than 20 N with the 
knee held at 60° of flexion and neutral rotation of 
the tibia. The graft is then sutured back onto itself 
over the staple using the remainder of the whip-
stitched number 1 Vicryl suture [30]. The ITB is 
tacked closed with number 1 Vicryl suture 
(Fig.  15.4g). There is no change in the post- 
operative rehabilitation protocol with the addi-
tion of the LET. Generally, LET is completed at 
the end of the case (i.e. after ACL reconstruction 
is completed).

 Conclusion

Though ACLR has generally favourable out-
comes, there remains a subset of patients who go 
on to clinical graft failure or re-rupture. Multiple 
factors can lead to ACLR failure. ALRI or exces-

sive residual laxity can contribute to ACLR fail-
ure. Modern LET procedures add minimal 
morbidity and have been shown to be effective in 
addressing ALRI in revision ACLR and decreas-
ing graft failure rates.
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 Background

Despite the overall success of anterior cruciate 
ligament reconstruction (ACLR procedure), fail-
ure rates remain unacceptably high, ranging from 
1.1% to 14% [1, 2]. Despite anatomically placed 
femoral and tibial tunnels, 1.7–7.7% of ACLR 
patients are thought to fail due to persistent rota-
tional instability [3–5]. This realization has led 
researchers to investigate the concept of tibial 
rotational restraint. This includes the role of the 
anterior cruciate ligament (ACL) as a primary 
stabilizer, along with several lateral-sided struc-
tures serving as important secondary stabilizers. 
Interest in anterolateral rotatory instability 
(ALRI) of the knee, and its possible responsibil-
ity for a percentage of ACLR failures, was further 
heighted following renewed interest in the antero-
lateral complex (ALC), specifically the anterolat-
eral ligament (ALL).

Credit for the original description of what is 
now considered the ALL (or mid-third capsular 
ligament) belongs to Paul Segond, who described 
an avulsion fracture (now referred to as the epon-
ymous “Segond fracture”) in 1879, along the 
anterolateral aspect of the tibia [6]. At the loca-
tion of the fracture, Segond noted the presence of 

a “pearly, resistant, fibrous band, which invari-
ably showed extreme amounts of tension during 
forced internal rotation.” [6] Despite occasional 
reference to an anterolaterally based knee struc-
ture in the literature, it was not named until 2012, 
when Vincent et  al. published their anatomical 
work [7]. However, popularization of the ALL, 
and the ensuing controversy around its function 
(and existence), is often credited to Claes et al., 
who published a detailed anatomic description of 
the ALL based on a series of cadaveric dissec-
tions [8]. Since the “rediscovery” of the ALL, 
significant research has been done on its struc-
ture, function, and potential implications in 
ALRI, specifically as it relates to ACLR and 
ACLR failures. This chapter will provide an 
overview of the ALL, including relevant anatomy 
and the biomechanical role of the ALL with knee 
stabilization. It will explore the indications for 
ALL reconstruction (ALLR), particularly in the 
setting of revision ACLR, delineate patient work-
 up after an ACL injury (or failed ACLR), and 
describe the surgical techniques for ALLR. It will 
conclude with outcomes and complications of the 
procedure based on a review of the literature and 
considerations regarding the choice between an 
ALLR and a lateral extra-articular tenodesis 
(LET).
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 Anatomy of the Anterolateral 
Complex of the Knee

The complexity of the lateral knee anatomy has 
led to challenges regarding structure identifica-
tion and contributed to the opacity around the 
ALL definition. While controversy still exists, a 
layer-by-layer approach to the anterolateral knee 
helps elucidate its various components, including 
the layers of the iliotibial band (ITB), ALL, and 
anterolateral joint capsule (Table 16.1).

 Iliotibial Band

The ITB is a thickening of deep fascia, intimately 
connected with the tensor fasciae latae (TFL) 
anteriorly and the gluteus maximus posteriorly. It 
extends laterally from the iliac crest to the tibia, 
with connecting fibers to the femur along its 
length. The complexity of lateral and anterolat-
eral knee anatomy is due to the various layers of 
the ITB and the difficulty in distinguishing them 
from the other components of the ALC. The ITB 
is made up of the superficial ITB (sITB), Kaplan 
fibers, and deep ITB (dITB).

The sITB originates, as a continuation of the 
TFL and gluteus maximum fascia, with attach-
ments along the intermuscular septum to the linea 
aspera of the femur [9]. It then courses laterally, 
with its posterior fibers reinforcing the fascia of 
the anterior aspect of the biceps femoris. 
Anteriorly, it curves obliquely, merging with the 
fascia of the vastus lateralis and partially insert-

ing on the lateral aspect of the patella (forming 
the iliopatellar band fascia) [10]. Distally, the 
sITB inserts at Gerdy’s tubercle. An important 
component of the sITB is the Kaplan fibers, 
which connect the sITB to the distal femoral 
metaphysis, primarily at the lateral femoral 
supraepicondylar region [11].

The dITB originates posterior and medial 
(deep) to the sITB along the lateral intermuscular 
septum, in the vicinity of the Kaplan fibers. It 
courses anteromedially, to combine with the 
sITB distal to the lateral femoral epicondyle, ulti-
mately inserting on Gerdy’s tubercle [12].

The capsulo-osseous layer represents the 
deepest (most medial) layer of the ITB. The layer 
begins proximally, contiguous with the fascia of 
the plantaris and lateral gastrocnemius muscle. It 
then runs deep and slightly posterior to the sITB, 
merging with the sITB and dITB distally at 
Gerdy’s tubercle [12].

 Anterolateral Ligament 
and Anterolateral Capsule

The anterolateral joint capsule, as described by 
Hughston et al., consists of a superficial and deep 
layer, relative to the LCL [13]. The layers then 
become confluent anterior to the LCL [14]. The 
capsule can be further separated into anterior, 
mid-third, and posterior divisions [13]. The ante-
rior division is thin without a femoral attachment; 
however, the mid-third capsular ligament is a dis-
crete thickening, with femoral and tibial bony 
insertions which inserts on the lateral meniscus, 
forming the meniscofemoral and meniscotibial 
ligaments (coronary ligament) [15].

While it remains controversial, the evidence is 
increasingly pointing to the ALL as a ligamentous 
structure, separate from the capsule. However, 
there is considerable definitional overlap with the 
mid-third capsular ligament, and the question of 
whether these are two distinct structures is not yet 
settled [16]. A cadaver study by Getgood et  al. 
found the ALL to be a ligamentous structure, 
which differentiated it from the surrounding cap-
sule. It was not however a completely discrete 
ligament, the way the LCL is, however [17]. 

Table 16.1 Components of the anterolateral complex of 
the knee

Iliotibial band (from 
superficial to deep)

sITB
Kaplan fibers
dITB
Capsulo-osseous layer

Anterolateral ligament
Anterolateral capsule 
(from posterior to 
anterior)

Posterior division 
(superficial and deep layers 
to the LCL)
Mid-third capsular ligament
Anterior division

sITB superficial iliotibial band, dITB deep ITB, LCL lat-
eral collateral ligament
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Accordingly, the ALL has been likened to the gle-
nohumeral ligaments (GHL) of the shoulder, 
which are dense condensations of tissue that pro-
vide static joint stability [16]. Recent evidence 
points toward the ALL as a  ligamentous structure 
embedded within capsular tissue.

The femoral origin of the ALL is perhaps one 
of the most controversial elements to its anatomic 
characterization and is largely responsible for the 
continued difficulty in identification. The femo-
ral origin has variably been reported as anterior, 
directly on, or posterior and proximal to the lat-
eral epicondyle [8, 18, 19]. Further research has 
led to an increasing consensus that the ligament 
primarily originates proximal and posterior to the 
lateral epicondyle [20]. This origin is most com-
monly posterior and proximal to the attachment 
site of the LCL, but it has been reported as ante-
rior and distal as well [21, 22]. It has a large, fan-
like footprint, which overlaps the LCL origin 
[23]. The diameter of the ALL at its femoral ori-
gin is 11.85 mm [24].

The ALL then courses anterolaterally, insert-
ing onto the lateral aspect of the lateral meniscus, 
roughly at the junction between the anterior horn 
and body, for a mean length of 5.6 mm [25]. It 
then inserts onto the tibia, roughly halfway 
between Gerdy’s tubercle and the anterior aspect 
of the fibular head [8]. Cadaver dissection has 
found the insertion to be on average 24.7  mm 
posterior to the center of Gerdy’s tubercle and 
26.1  mm anterior to the anterior margin of the 
fibular head [22]. The ALL has been found to be 
on average 9.5  mm distal to the joint line, just 
proximal to the insertion of the biceps femoris 
(Fig. 16.1) [22, 23].

The ALL is not an isometric ligament. Rather, 
the length of the ALL increases with progressive 
knee flexion (loosens). The critical clinical 
importance of this fact will be explored further in 
the surgical technique section [26].

 Primary and Secondary Stabilizers 
of Tibial Rotation

To understand the concept behind, and potential 
value of, ALLR, one must understand the syner-
gistic relationship between the ACL and the ALC 

in limiting tibial rotation (Table 16.2). Butler and 
colleagues introduced the concept of primary 
restraint. [27] This was further expanded upon, 
and defined by Andersen as, “cutting a primary 
restraint results in an increase in joint motion, 
whereas cutting a secondary restraint will result 
in an increase of joint motion only in the absence 
of the primary restraint.” [28] This notion was 
used as the foundation for future biomechanical 
studies establishing the significance of various 
restraints [29].

 The Primary Stabilizer of Tibial 
Rotation: The Anterior Cruciate 
Ligament

Based on available evidence, the ACL is likely 
the primary stabilizer of tibial IR, particularly 
from 0 to 30° of flexion [30]. At flexion >30°, the 
ACL is likely still the chief restraint to tibial IR, 

Fig. 16.1 Dissection of right knee cadaveric specimen. 
The anterolateral ligament (ALL) can be appreciated 
coursing from its origin just proximal and posterior to the 
LCL origin to its insertion between Gerdy’s tubercle and 
the fibular head. LCL lateral collateral ligament, ITB ilio-
tibial band
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but with a greater relative contribution of the 
ALC [ 28, 32–35]. Biomechanically, the mecha-
nism of restraint is believed to be winding of the 
ACL bundles around each other, which loads the 
ligament and resists rotation [31].

 Secondary Stabilizers

Evidence suggests the ITB is an important sec-
ondary stabilizer of tibial IR, particularly at 
higher flexion angles [36, 37]. The sITB provides 
more restraint at higher flexion angles, while the 
dITB contributes more at lower flexion angles [9, 
36, 37]. Because the ACL resists more IR at 
extension, the dITB likely works synergistically 
at low flexion angles to assist the ACL in resisting 
rotation here. As the knee flexes, the sITB then 
takes over to help resist IR.

Additionally, based on available evidence, the 
ALL is an important secondary stabilizer to tibial 
IR, particularly in the ACL-deficient state. The 
ITB however may be a more important contribu-
tor to IR restraint, specifically the dITB at lower 
flexion angles and the sITB at higher flexion 
angles [1, 29, 35, 38–44]. Given this role, one can 
see how neglecting an anterolateral injury in the 
setting of an ACL rupture (or ACLR failure) 
could lead to increased stress on the ACL graft 
and risk future failure. With this in mind, the con-
cept of a lateral-based extra-articular procedure 
has been re-visited, in the forms of lateral extra- 

articular tenodesis (LET) and anterolateral liga-
ment reconstruction (ALLR).

Unlike the medial meniscus, the lateral menis-
cus does not contribute much to resisting anterior 
translation. It has, however, been shown both bio-
mechanically and clinically to be an important 
secondary stabilizer to tibial IR [44–47].

 Biomechanical Evidence 
for Anterolateral Ligament 
Reconstruction

 Efficacy of ALLR

As ALLR is still a relatively nascent procedure, 
the majority of evidence of its efficacy comes 
from biomechanical studies [48–52]. These stud-
ies have attempted to evaluate the value of recon-
structing the ALLR in the setting of ACLR, 
particularly in terms of additional IR restraint 
provided (Table 16.3). Conversely, several stud-
ies have demonstrated conflicting results, casting 
doubt on the ability of the ALLR to provide clini-
cally relevant rotational stability. These studies 
reported not only a lack of overconstraint but a 
lack of restoration of native stability [1, 51–53].

Due to the mixed biomechanical and clinical 
results, a consensus has not yet been reached on 
the efficacy of ALLR. While most studies find it 
improves rotational stability, enough well- 
performed biomechanical investigations have 
found evidence to the contrary. Additionally, 
some studies that did find improved rotational 
control with ALLR found it only did so by simul-
taneously overconstraining the knee. For these 
reasons, a systematic review of biomechanical 
outcomes by DePhillipo et  al. concluded only, 
“there is inconsistency in terms of femoral origin, 
flexion angle, and performance of the ALLR at 
this time” [53].

 Femoral Origin for Graft Placement

There is also lack of agreement regarding the 
native femoral origin of the ALL, and it is of little 
surprise that various locations have been used for 

Table 16.2 Stabilizers of tibial rotation

Structure

Function (knee position 
with highest contribution 
to stability)

Primary 
stabilizer

ACL Low flexion angles (at or 
near full extension)

Secondary 
stabilizers

ITB—
superficial

High flexion angles

ITB—deep Low flexion angles (at or 
near full extension)

ALL Likely contributes at all 
flexion angles (more 
evidence required)

Lateral 
meniscus

Contributes at all flexion 
angles

ACL anterior cruciate ligament, ALL anterolateral ligament
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reconstruction. The 2017 DePhillipo systematic 
review found the six surgical technique articles, 
with the most common femoral origin site 
described being the posterior and proximal to the 
LCL origin (four studies) [54–57] vs two studies 
using a point anterior and distal to the LCL origin 
[58, 59].

Interestingly, in a comparison of four biome-
chanical outcome studies, two studies that did not 
find any overconstraint used the anterior and dis-
tal origin point [1, 48, 60, 61]. These studies also 
did not find any significant increase in rotational 
control following ALLR when using the anterior 
and distal origin. This indicates the anterior point 

likely cannot adequately tension the graft. 
Additional studies have demonstrated length 
changes depending on the location of the femoral 
origin, and accordingly the posterior and proxi-
mal position has been recommended for recon-
struction [18, 26, 35, 62].

 Knee Flexion Angle

The degree the graft is fixed may potentially 
affect efficacy of the procedure and may alter 
knee kinematics. While the optimal fixation angle 
has not yet been determined, the available evi-

Table 16.3 Selected biomechanical studies investigating the ALL

Key biomechanical studies evaluating the efficacy of ALLR in restoring knee kinematics
Reference information
Lead author, 
year Journal Methods Main findings
Nitri, 2016 AJSM 6DFR, 10 cadaveric knees Isolated ACLR did not restore 

rotation
Compared various states of ACL deficiency and 
anterolateral deficiency, with ACLR and ALLR 
permutations

ACLR with ALLR SS↑ IR stability

Geeslin, 
2018

AJSM 6DFR, 10 cadaveric knees Isolated ACLR did not restore 
rotation

Compared ALLR to LET in various states of ACL 
and anterolateral deficiency

Both ALLR and LET with ACLR 
resulted in overconstraint

Fixed LET or ALLR at either 30° or 70° kf and at 
20 or 40 N of tension

KF and graft tension did not 
significantly affect results

Jette, 2019 Knee 6DFR, 12 cadaveric knees Both ALLR and LET with ACLR 
resulted in overconstraint

Compared ALLR to LET in various states of ACL 
and anterolateral deficiency

KF and graft tension did not 
significantly affect results

Spencer, 
2015

AJSM 6DFR, 12 cadaveric knees ALLR did not reduce IR after ACLR

Compared ALLR to LET in various states of ACL 
and anterolateral deficiency

LET did restore IR stability after 
ACLR
Neither procedure resulted in 
overconstraint

Noyes, 2017 AJSM 6DFR, 7 cadaveric knees ALLR produced only corrected 
modest amount of IR and only at high 
kf

Evaluated effects of concomitant ALLR with ACLR 
in various states of ACL and anterolateral deficiency

ALLR only reduced a very modest 
amount of ACL graft stress

Inderhaug, 
2017

AJSM 6DFR, 12 cadaveric knees Isolated ACLR did not restore 
rotational stability

Compared ALLR to LET in various states of ACL 
and anterolateral deficiency

ALLR did not provide sufficient 
additional stability
LET at 20 N of tensioning restored 
kinematics

6DFR 6-degree-of-freedom robot, SS statistically significant, LET lateral extra-articular tenodesis, kf knee flexion
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dence supports placing the graft with the knee in 
full extension (and with the leg in neutral  rotation) 
is likely safest to prevent overconstraint [20, 49, 
52, 60].

 Graft Isometry

Unlike other ligament reconstructions where 
isometry is key, the ALL has surprisingly been 
found to be non-isometric [26, 63]. This lack of 
isometry should be considered when fixing the 
graft. During assessment, the graft should be 
slightly looser in flexion (because the native liga-
ment lengthens with flexion) than in extension. If 
the graft is found to tighten with knee flexion, the 
femoral origin point may be too anterior and dis-
tal and should be revised to a more posterior and 
proximal position [20].

 Indications

Currently, there are no consensus indications for 
an ALLR in the setting of an ACLR. This is due 
to the lack of sufficient clinical data with ade-
quate follow-up to determine which patients ben-
efit most from the procedure. However, several 
indications have been cited in the literature 
repeatedly (Table 16.4).

Irrespective of if it is a revision scenario or 
not, indications revolve around signs, or likely 
signs, of concomitant anterolateral injury. For 
instance, a high-grade pivot shift (defined as 

either 2+ or more typically 3+) is an indication 
for many authors. The higher pivot shift, how-
ever, is taken as a sign that secondary stabilizers 
must also be injured [16, 20, 56, 64]. Similarly, 
chronic ACL injuries are often considered for 
ALLR, as the chronic instability may weaken 
the secondary stabilizers [65]. Evidence of a 
Segond fracture has also been cited as an indica-
tion, as it represents an avulsion of the ALL off 
of the tibia [19, 56, 66]. Other indications 
include patients returning to high-risk sports/
activities, such as those that require pivoting 
[20, 64], though this is more controversial than 
the other indications listed. Generalized hyper-
laxity (measured via Beighton score) [67] 
should also prompt consideration for an ALLR, 
as the excess stress may be put on the graft with-
out additional constraint [64].

Another factor is if a soft tissue or allograft is 
selected for ACLR, one may give stronger con-
sideration to performing the ALLR, as it may 
help protect a potentially weaker graft (one that 
takes longer to incorporate without bone-to-bone 
healing). This concept is anecdotal and has not 
yet been studied.

In the revision setting, specifically, there is 
debate if ALLR should be performed in all (or the 
majority) of cases or if it should be more limited 
to revisions that also meet the above criteria [16]. 
More evidence is required before any definitive 
statements can be made.

Contraindications are also still being devel-
oped, but strong consideration should be given to 
not performing an ALLR in the setting of a multi- 
ligament knee injury (MLKI). Given that stiff-
ness is one of the most common complications 
following MLKI reconstruction, avoiding a pro-
cedure that may lead to overconstraint is advis-
able. Additionally, by addressing the additional 
soft tissue injuries, the instability may improve, 
obviating the potential benefits of ALLR [64].

The authors’ definitive indications for ALLR 
in the setting of a revision ACL include a pivot 
shift of 2+ or greater, knee recurvatum (as an 
indication of laxity), and a young or contact/col-
lision athlete. Other causes of laxity or risk 
increases, addressed at length in other chapters, 
must be remedied as well.

Table 16.4 Indications and contraindications for ALLR

Potential indications and contraindications for 
concomitant ALLR
Indications High-grade pivot shift (2+ or 

3+) [16, 20, 56, 64]
Chronic ACL injuries [ 65]
Evidence of Segond fracture 
[19, 56, 66]
Participates in high-risk 
sports [20, 64]
Generalized hyperlaxity [64]
Revision ACLR [16]

Contraindications Multi-ligament knee injuries 
[64]
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241

 Patient Evaluation

 History

While a thorough history should be taken for all 
patients, when considering an ALLR, several 
key points should be highlighted. In regard to the 
ALLR, the physician should try to understand 
the status of the patient’s anterolateral knee 
structures, their prior injury history, and their 
future risk.

The patient’s injury history/mechanism of 
injury should be determined, with specific atten-
tion to rotational mechanisms. Surgical history is 
crucial, including prior ACLR in the setting of 
revisions, including type of grafts, implants, and 
if any concomitant procedures were performed. 
The patient should be asked if their knee ever felt 
stable after the primary surgery. In regard to risk, 
the patient’s functional goals, occupation, and 
athletic activity should all be discussed.

 Physical Examination

A standard knee and ligamentous exam should be 
performed. Special attention should again be paid 
to the lateral side of the knee for any signs of spe-
cific instability. For instance, a varus gait or thrust 
may suggest damaged lateral structures [64]. 
Additionally, a good pivot shift exam is essential 
to help assess the amount of ALRI; however, this 
typically can only be done properly under anes-
thesia. Finally, inspection of any prior surgical 
incisions should be performed to assist in surgi-
cal planning.

General laxity testing should also be per-
formed to calculate a Beighton score [67]. 
Patients with elevated Beighton scores should be 
considered for ALLR.

 Imaging

Standard knee x-rays, including an AP, lateral, 
and merchant/sunrise view, should be obtained at 
baseline. In addition to identifying other injuries, 
their main use in consideration of ALLR is to 

look for the presence of a Segond fracture, indi-
cating ALL injury [66]. These can also be used to 
assess prior tunnel placement, tunnel lysis, and 
prior fixation. Additional radiographs that should 
be considered are full-length AP and lateral 
weightbearing views to assess for coronal and 
sagittal alignment. CT scans should also be 
obtained in the revision setting to help further 
assess tunnel lysis and tunnel placement.

Because the ALL is extra-articular, ultrasonog-
raphy (US) has been proposed as a means of radio-
logic assessment. Furthermore, because the 
ligament tightens with internal rotation, it has been 
posited that ultrasound, which can dynamically 
evaluate structures, could be a cheap, effective 
method of investigating potential ALL injury [68]. 
Based on these principles, Cavaignac et  al. con-
ducted an anatomic dissection study using US to 
identify the ALL and reported excellent interrater 
agreement (Cohen k, 0.88–0.94) [68]. However, a 
similar study by Capo et al. using ten fresh-frozen 
cadaver knees and ultrasound found ultrasound to 
be unreliable and did not recommend its use in 
routine work-up [69]. More evidence is required at 
this time before a determination on the utility of 
US can be made in diagnosing ALL injuries.

Studies attempting to use magnetic resonance 
imaging (MRI) to identify the ALL, and charac-
terize ALL injuries, have also had mixed results. 
Visualization of the ALL has been reported at 
11–100% of patients (including cadaveric speci-
mens) [70–72]. Though some studies have 
reported high sensitivities, most appear to be 
plagued by low-to-moderate inter- and intra-
rater reliability. For example, a study by Hartigan 
et al. had two musculoskeletal radiologists visu-
alize the ALL on 1.5 Tesla MRI [71]. Though 
they reported the ability to visualize the ALL in 
100% of cases, one reviewer found the ALL to 
be torn in 26% of patients, while the second 
reviewer found the ALL to be torn in 62% of 
patients [71]. Of note, the tibia portion has been 
demonstrated to be the most consistently seen on 
MRI [73]. MRI appears to be a more promising 
modality to detect ALL injuries, though more 
research needs to be done, and protocols need to 
be improved before it can be considered a reli-
able diagnostic tool.
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 Surgical Procedure

 Native ALL Properties and Graft 
Selection

An ideal graft choice would be one that mimics 
the properties of the native ALL as close as pos-
sible. Several studies have attempted to quantify 
the biomechanical properties of the native ALL 
in order to improve graft selection. The range of 
load to failure in these studies was 49.9 ± 14.62 N 
to 319.7 ±212.6 N [74, 75]. The stiffness of the 
ALL has been reported at 21 ± 8.2 N to 41.9 ± 
25.7  N [74, 76, 77]. A consensus group led by 
Sonnery-Cottet reported the mean load to failure 
as “around 180 N” and the mean stiffness as 31 
N/mm [20].

 ALL Compared to Possible Grafts

The ideal graft for ALLR has not yet been deter-
mined, and multiple options have been described 
[23]. Kernkamp et  al. described using an ITB- 
based autograft, by taking a free slip of it (similar 
to performing a modified Lemaire, but transect-
ing the distal attachment) [78]. The most com-
mon graft used in the literature for both 
biomechanical and surgical technique articles is a 
gracilis graft (auto- and allo- have both been 
described) [54, 56, 59]. A tripled semitendinosus 
graft and a doubled gracilis graft have also been 
described [54]. Sonnery-Cottet et  al. prefer a 
doubled gracilis tendon, but place the graft in an 
inverted Y formation, with two distal points of 
fixation in the tibia [55].

While limited comparative data exists regard-
ing graft properties, Wytrykowski et al. compared 
the properties of the native ALL with the ITB and 
a two-strand gracilis graft in cadaveric knees. 
They found the ITB to be most consistent with 
the ALL; however, they did not describe their tis-
sue harvesting technique [77]. Additionally, there 
is some concern about harvesting a portion of the 
ITB, which is a known important stabilizer to 
tibial IR, to reconstruct the ALL, with the goal of 
improving tibial IR (i.e., “robbing Peter to pay 
Paul”) [79–81].

 Set-Up

The patient is placed supine on a standard operat-
ing table with the feet brought to the edge of the 
bed. An exam under anesthesia is performed to 
confirm the diagnosis. If work-up regarding 
ALRI was equivocal up to this point, results of 
the pivot test exam can be critical in deciding 
whether an ALLR is indicated. Following the 
exam, a tourniquet is placed high on the thigh. 
The operative extremity is secured with a leg 
holder, high on the thigh to allow lateral access. 
We prefer to use a semitendinosus allograft for 
reconstruction, sized to a 4 mm diameter. This is 
prepared on the back table while the diagnostic 
arthroscopy is performed.

 Procedure

After the leg is prepped and draped in the usual 
sterile fashion, landmarks are marked on the skin. 
These include the lateral epicondyle, Gerdy’s 
tubercle, and the fibular head (Fig.  16.2). The 
ACLR (or revision ACLR) is performed first, up 
to and including drilling the femoral and tibial 
tunnels. Pearls and pitfalls of dealing with spe-
cific challenges of revision ACLR cases, such as 

Fig. 16.2 Relevant landmarks for the anterolateral liga-
ment reconstruction. The femora origin will be proximal 
and posterior to the lateral femoral epicondyle. The tibial 
insertion will be approximately halfway between Gerdy’s 
tubercle and the fibular head
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graft choice, osteolysis, tunnel widening, prior 
implant management, etc., are covered in prior 
chapters. The reason for drilling the femoral and 
tibial tunnels (particularly the femoral tunnel) 
prior to the ALLR is so that the femoral tunnel 
can be visualized through the anteromedial portal 
while drilling the ALL femoral tunnel. However, 
with experience and proper positioning and 
angling of the tunnels, this becomes less 
necessary.

Following ACL tunnel drilling, we proceed 
with the ALLR portion. A guide pin is placed at 
the femoral origin of the ALL, approximately 
8 mm proximal and 4 mm posterior to the lateral 
epicondyle at the anatomic origin (Fig.  16.3). 
This guide pin is directed anteriorly and proxi-
mally to avoid tunnel convergence as well as the 
femoral trochlea. As the guide pin is placed, the 
femoral tunnel for the ACLR is visualized for any 
signs of convergence from the guide pin. If the 
pin is seen on arthroscopy, it is redirected. Once 
the guide pin is in place, the ACL graft is fixed in 
the femoral tunnel.

For the ALLR, one can do either a percutane-
ous approach, which has the advantages of 
improved cosmesis and limited soft tissue insult, 
or a larger incision from just proximal to the lat-
eral epicondyle to about the midway point 
between Gerdy’s and the anterior fibular head 
(tibial insertion point). The advantage of doing 

the open rather than percutaneous approach is it 
permits landmark palpation and direct visualiza-
tion, which may better assist tunnel placement. 
The percutaneous approach is described below.

Following ACL graft fixation, a small skin 
incision is made over the femoral guidewire, and 
blunt dissection is carried out until bone is 
reached. A 4.5 mm reamer is used to overdrill the 
guidewire to a depth of 25 mm in preparation for 
a SwiveLock anchor (Arthrex, Naples, FL). The 
one limb of the graft is then inserted into the fem-
oral tunnel and secured with the screw (Fig. 16.4). 
Sutures are tied over the anchor as back-up fixa-
tion. Other options for femoral fixation may 
include interference screw fixation [57].

Landmarks, including Gerdy’s tubercle and 
the fibular head, are again palpated for confirma-

a b

Fig. 16.3 (a, b) Femoral tunnel guidewire placement. This is followed by reaming to a depth of 25 mm

Fig. 16.4 Fixation of the femoral side of the ALLR graft
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tion. A skin incision midway between the two 
and about 1  cm distal to the joint line is then 
made. Blunt dissection is performed until bone is 
reached. A guidewire is then passed from the ana-
tomic ALL insertion in a slight superomedial ori-
entation (Fig.  16.5). A 7.5  mm reamer is then 
used to overdrill the guidewire, again to a depth 
of 25 mm.

A clamp is passed from distal to proximal sub-
cutaneously, and the suture on the distal limb of 
the grasp is fed to the clamp. The graft is then 
tunneled under the IT band and then subcutane-
ously (Fig.  16.6). At this point, the graft is 

 provisionally fixed, and the knee is taken through 
a range of motion to assess graft isometry. Our 
preference is for the graft either to be isometric or 
to slightly loosen with flexion and tighten with 
extension (similar to the native ALL). If the graft 
position is felt to be adequate, a fork-tipped 
PEEK tenodesis screw (Arthrex, Naples, FL) is 
used to fix the graft to the tibia (Fig.  16.7). 
Anatomic ALLR tunnel position is critical for 
appropriate graft tension and function through 
knee range of motion (Fig. 16.8).

It is important to avoid overtension on the 
graft at any flexion angle. The ALL acts as a 

Fig. 16.5 Identification and guidewire placement into the tibial insertion site for ALLR

a b

Fig. 16.6 (a, b) Percutaneous passage of the ALLR graft. A clamp is tunneled from distal to proximal and used to 
shuttle the graft distally to its tibial insertion site
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checkrein, and overtightening can lead to over-
constraint. As the primary concern following 
this procedure is stiffness, we typically fix our 
grafts in 0–30 degrees of flexion and neutral 
rotation. It is critical to assess isometry prior to 
ultimate fixation; the graft should become looser 
in flexion. Pearls and pitfalls can be seen in 
Table 16.5.

 Postoperative Protocol

As stiffness is one of the primary concerns with 
the addition of a lateral extra-articular procedure, 
we utilize a standard ACLR protocol. This 
includes weightbearing as tolerated with crutches 
and early range of motion as tolerated on postop-
erative day 1 while in the hinged knee brace 
(locked in extension for ambulation during the 
first week). Physical therapy focuses on quadri-

Fig. 16.7 Fixation of the tibial portion of the graft

Fig. 16.8 Tibial tunnel malposition (posterior and distal) on the left. Appropriate tibial tunnel position on the right

Table 16.5 Pearls and pitfalls of anterolateral ligament 
reconstruction

Pearls Pitfalls
Confirm exam and ALRI 
under anesthesia
Drill ACL femoral tunnel 
prior to ALLR femoral 
tunnel

Avoid ALLR femoral 
tunnel convergence with 
ACLR femoral tunnel

Look through ACL femoral 
tunnel to monitor for break 
from ALLR tunnel

Do not fix graft in 
external rotation, as this 
will lead to overconstraint

Drill ALLR femoral tunnel 
angled superomedially
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ceps and hamstring strengthening and regaining 
range of motion, particularly extension.

After 2 weeks, crutches are weaned, and the 
brace can be discontinued once full extension 
without evidence of an extensor lag is reached, 
typically by 3–4 weeks post-op. The patient also 
begins closed-chain extension exercises and 
hamstring curls and use of a stationary bike.

At 3 months, the patient should achieve full, 
painless ROM.  They can begin straight ahead 
running at this point. By 8  months, the patient 
may begin gradual return to athletic activity as 
tolerated with the goal of competitive play by 
10 months.

 Additional Case Examples

 Case 1

A 44-year-old male had previously undergone an 
ACLR at an outside institution 11 years prior to 

presentation. He had been doing well until about 
2 years prior to presentation (9 years status-post 
index ACLR) when he had a rotational injury 
associated with hemarthrosis. Since this incident, 
he has had recurrent swelling, pain, and recurrent 
instability. He also reported mechanical symp-
toms (clicking and catching).

On exam, the patient was noted to have a 
mild effusion, standing grossly physiologic val-
gus standing alignment, with range of motion 
of 0–135 degrees. For ligamentous assessment, 
he was found to have a 2B Lachman and a posi-
tive pivot shift. He otherwise was stable to pos-
terior, varus, and valgus stress testing, as well as 
posterolateral corner testing. Dial test was also 
negative. Additionally, he had medial joint line 
tenderness and a positive McMurray test.

Imaging was notable primarily for a vertical 
femoral tunnel (Fig. 16.9). MRI confirmed ACL 
re-rupture, as well as a medial meniscal tear 
(Fig.  16.10). Given the patient’s symptoms, he 
was indicated for ACLR.

Fig. 16.9 Preoperative x-rays of a 44-year-old male with left knee recurrent pain and instability 11 years after ACLR 
at outside institution. Vertical femoral tunnel position can be appreciated
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 Case 1 Considerations
The femoral tunnel in this case is positioned ante-
rior. This likely was ultimately responsible for 
the graft failure, given the poor rotational control 
associated with vertical tunnel placement. In 
terms of other possible failure etiologies, the 
patient did not have any unidentified concomitant 
ligamentous injuries or pathologic coronal or 
sagittal alignment. There was also a small menis-
cal tear, but one that appeared stable, without root 
compromise.

In this scenario, it was felt that in addition to 
creating a separate femoral tunnel in a more ana-
tomic position, performing an ALLR would help 
provide further rotational control, improving sta-
bility and taking stress off the new graft.

For the ACL, a new femoral tunnel was 
drilled, and a large bone-patellar-bone allograft 
was used to address the tibial tunnel widening. 
The femoral and tibial sides were fixed with 
interference screws. The tibial fixation was 
backed up with a screw and washer (Fig. 16.11). 
For the ALLR, a semitendinosus allograft with 
suture anchor fixation was used following  
the ACLR.

At 5 years follow-up, the patient has not had 
any recurrent instability and returned to his prior 
level of activity (recreational basketball).

 Case 2

A 23-year-old male presented with recurrent 
right knee pain and instability 6 months after a 
revision ACLR with BTB allograft at an outside 
institution (first failure was BTB autograft). He 
reports he began feeling unstable during a recent 
physical therapy session and had not yet returned 
to any sports.

On exam, he had a large effusion, and range of 
motion of 0–135°. For ligamentous testing, he 
had a 2B Lachman and positive pivot shift test. 
He otherwise did not have any instability to pos-
terior, varus, or valgus stress or posterolateral 
corner testing. Dial test was also negative. He did 
not have any medial or lateral joint line 
tenderness.

Imaging revealed physiologic coronal align-
ment and tunnel widening of the femoral and 
tibial tunnels (Figs. 16.12, 16.13, and 16.14a, b). 

Fig. 16.10 MRI of the left knee demonstrating rupture of prior ACLR graft, including empty notch sign
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Fig. 16.11 Postoperative images demonstrating revision 
ACLR, with bone-patellar-bone allograft, fixed with inter-
ference screws on the femoral and tibial sides, with addi-

tional screw and washer back-up fixation. Visualization of 
the ALLR tunnels can be appreciated

Fig. 16.12 AP and lateral x-rays of the right knee, demonstrating prior ACLR in a 23-year-old male. The patient had 
undergone two prior ACLR before presenting with recurrent instability
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MRI demonstrated ACL graft rupture (Fig. 16.15). 
Due to recurrent instability symptoms in the 
 setting of ACLR failure, the patient was indicated 
for revision surgery.

 Case 2 Considerations
Similar to case 1, there were no other anatomic 
factors contributing to the patient’s ACLR fail-
ure. The patient’s coronal and sagittal alignments 
were within normal range, there were no missed 
concomitant injuries, and tunnel positions 
seemed appropriate. One possible source of fail-
ure in this patient is the use of an allograft in a 
patient under 30 years old.

With this in mind, it was decided to treat this 
patient in a staged fashion, due to the tunnel wid-
ening. The first stage included bone grafting of 
the femoral and tibial tunnels. Following confir-
mation of graft incorporation (Fig. 16.14c, d), the 
patient was taken for re-revision ACLR.

Given the lack of any other failure sources, it 
was felt the patient would benefit from a lateral 
extra-articular procedure to help improve rota-
tional control. The patient was therefore indi-
cated for an ALLR, in addition to the revision 
ACLR.  A contralateral BTB autograft was uti-
lized for the ACL.  A semitendinosus allograft 
was utilized for the ALLR, which was secured 
with a knotless anchor device in the femur and a 
metal screw in the tibia.

Fig. 16.13 Full-length weightbearing films of the 
patient’s lower extremities, demonstrating neutral align-
ment in the coronal plane

a b c d

Fig. 16.14 Panels (a, b) demonstrate preoperative tunnel widening. Panels (c, d) represent a follow-up CT scan after 
the patient underwent a tunnel bone grafting procedure, demonstrating incorporation of the graft
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At 6 years follow-up, the patient has returned 
to his prior level of activity, without any recurrent 
instability events or pain.

 Case 3

A 20-year-old female collegiate basketball player 
that had undergone an L knee ACLR with 
 hamstring autograft 14  months presented with 
recurrent instability after a non-contact pivoting 
injury during practice.

On exam, she had a small effusion and range 
of motion of 0–130°. For ligamentous testing, 
she had a 1B Lachman with significant guard-
ing. It was not possible to perform a pivot shift 
due to this guarding. Otherwise, no instability 
was noted to posterior, varus, or valgus stress or 
posterolateral corner testing. Dial test was also 
negative. She also was noted to have lateral joint 
line tenderness and a positive lateral McMurray 
sign.

Imaging demonstrated a likely ACL re-tear on 
MRI (Fig. 16.16), though this was not definitive. 
Alignment films demonstrated a slight 2–3 val-
gus malalignment (Fig. 16.17).

 Case 3 Considerations
The patient’s recurrent instability was strongly 
suggestive of re-tear; however, given the patients 
guarding on multiple exam attempts, and some-
what equivocal MRI, it was felt that diagnosis 
would be confirmed with an exam under anesthe-
sia (EUA), followed by a diagnostic arthroscopy 
if the EUA was felt to be suggestive of a tear.

Under anesthesia, the patient was found to 
have a positive pivot shift and 2B Lachman, so 
the decision was made to proceed with diagnostic 
arthroscopy and tunnel bone grafting. Follow-up 
x-ray 3 months later confirmed graft consolida-
tion (Fig.  16.18). The patient was indicated for 
revision ACLR 4 months after the bone grafting 
procedure. A partial lateral meniscectomy was 
also performed at this time.

In terms of options for this patient, while she 
did have some valgus malalignment, this was felt 
to be minimal (only 2–3°) and likely not contrib-
utory. She did not have any increased posterior 
tibial slope necessitating a closing wedge osteot-
omy. No other concomitant injuries were appre-
ciated. Given she had already failed a prior soft 
tissue autograft, the patient was indicated for a 
BTB autograft ACLR. Similar to the cases above, 

Fig. 16.15 Right knee MRI of a 23-year-old patient, demonstrating failure of prior ACLR
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given the lack of other etiologies for her failure, it 
was felt that this patient likely would benefit 
from additional rotational control in the form of a 
lateral extra-articular procedure. She was there-
fore indicated for an ALLR, in addition to ACLR.

One thing to always be cognizant of is the 
danger of overconstraint. It is important to avoid 
overtension on the graft at any flexion angle. 
Because the ALL only acts as a checkrein, over-
tightening it can lead to overconstraint. This can 
both limit ROM and increase contact pressures in 
the lateral compartment, leading to premature 
osteoarthritis. To avoid this, one should try to 
always fix the graft with the leg in neutral rota-
tion, as opposed to external rotation, which may 
lead to overtightening. Additionally, the leg 
should be kept in 0–30°, which has been shown 
to result in the least overconstraint. Most impor-
tantly, it is critical to assess isometry prior to ulti-
mate fixation; the graft should become looser in 
flexion.

At 5 years follow-up, the patient was able to 
return to sport and has not had any instability 
symptoms since her revision surgery.

All three cases above serve to illustrate the 
same principles. It is imperative to always evalu-
ate any patient with an ACL tear, particularly in 
the revision setting, for sources of failure etiol-
ogy. This may include alignment, concurrent 
injuries, tunnel position, graft choice, and graft 
fixation. Performing an anterolateral extra- 
articular tenodesis procedure, such as an ALLR, 
can help provide additional rotational stability, 
limiting the stress on ACL grafts. In a revision 
setting, when there is not another cause for fail-
ure, this can be a particularly useful tool to help 
minimize failure rate.

 Clinical Outcomes

At the time of this writing, the only study evaluat-
ing outcomes in patients undergoing revision 
ACLR (and thus most relevant to this textbook 
chapter) is a 2019 paper by Lee et al. In a retro-
spective study of revision ACLR patients that 
underwent either isolated revision ACLR or com-
bined revision ACLR with ALLR, the group 

Fig. 16.16 Left knee MRI of a 20-year-old female with 
likely recurrent ACL tear. Because the imaging here was 
somewhat equivocal, final diagnosis was made at th time 

of the bone grafting procedure through a combination of 
EUA and diagnostic arthroscopy
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found the combined ACLR ALLR group had sig-
nificantly less patients with postoperative pivot 
shifts, significantly more patients returning to 
sport at the same level of activity pre-injury, and 
significantly higher IKDC [85]. The group theo-
rized that the extra-articular procedures partici-
pate in a load-sharing effect with the ACLR, 
limiting stress on the ACLR and preventing 
delayed healing and ultimately failure [85].

Given the relative paucity of available evi-
dence, particularly mid- and long-term studies, 
ALLR cannot be unequivocally recommended. 
In clinical studies, it does appear to improve sta-
bility and outcome scores and possibly reduce re- 
rupture rates [82–84]. However, no information 
exists regarding the effect on lateral compartment 
cartilage following combined ALLR. Until long- 

term studies on combined ACLR and ALLR 
patients can be reported, some question about the 
clinical effects of potential overconstraint will 
remain. A summary table of clinical outcome 
studies can be found in Table 16.6.

 Complications

While no specific clinical complications have 
been reported in the literature, as discussed in the 
biomechanics section above, several studies have 
found evidence of overconstraint with both 
ALLR and LET procedures [49, 50, 52, 60]. 
Conversely, well-performed studies, like that by 
Noyes et  al., have found ALLR to not even 
improve rotational laxity, let alone result in over-
constraint [51]. Importantly, no clinical data 
about overconstraint exists. If ALLR does result 
in slight overconstraint, there is no information 
regarding the clinical effects of this.

There are two primary concerns with overcon-
straint from lateral extra-articular procedures. 
Overconstraint generally refers to reduced tibial 
internal rotation and anterior translation as com-
pared to the intact state [49]. The first is that the 
constraint may limit knee range of motion. This 
is particularly evident, as the studies that did find 
evidence of overconstraint found it primarily at 
higher knee flexion angles [49, 50]. This could 
lead to knee stiffness. The other concern is the 
effect of constraint on the lateral compartment of 
the knee. With increased constraint, compartment 
pressures may increase, which could lead to 
accelerated degeneration. This has not been dem-
onstrated yet in the literature, but is a very real 
theoretical concern. Until long-term clinical 
research can be performed, the value of increased 
stability with extra-articular procedures must be 
balanced against the risk of overconstraint.

If one elects to proceed with ALLR, steps 
should be taken to avoid the risk of overcon-
straint. This includes fixing the graft at a lower 
degree of knee flexion (either full extension or at 
most 30 degrees based on surgeon preference/
patient laxity). It is also important to have the leg 
in neutral rotation (avoiding external rotation), 
which can also possibly lead to overconstraint 

Fig. 16.17 Full-length alignment films demonstrating 
slight valgus malalignment of 2–3 degrees
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Fig. 16.18 Left knee AP and lateral x-rays taken 3  months after bone grafting procedure, demonstrating graft 
consolidation

Table 16.6 Selected clinical studies investigating ALLR

Key clinical studies evaluating the efficacy of ALLR in restoring knee kinematics
Reference information
Lead author, 
year Journal Methods Main findings
Sonnery- 
Cottet, 2015

AJSM Retrospective case series, of patients that 
underwent ACLR with ALLR for primary ACL 
rupture

SS↑ functional scores

Minimum 2-year follow-up 6.6% contralateral ACL rupture 
rate, 1.1% ipsilateral re-rupture 
rate

Rosensteil, 
2019

Arthroscopy Retrospective case series of professional athletes 
that underwent ACLR with ALLR for primary 
ACL rupture

SS↑ functional scores

Minimum 2-year follow-up 85.7% return to sport
5.7% revision ACLR

Ibrahim, 2017 AJSM Prospective RCT No SS differences in functional 
scores

Randomization to isolated ACLR or ACLR with 
ALLR

Slight SS↑ in stability with 
ALLR

Lee, 2019 AJSM Retrospective review of revision ACL patients SS↓ pivot shifts in ALLR group
Treated with isolated revision ACLR or ACLR 
with ALLR

SS↑ patients returning to sport at 
the same level
SS↑ IKDC score
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[64, 65, 86]. After demonstrating restoration of 
knee kinematics with the ALLR in a cadaveric 
study, Smith et al. noted the importance of plac-
ing the femoral origin of the tunnel posterior and 
proximal to the LCL origin, and having the graft 
tighten in extension, while remaining slightly lax 
with flexion. They noted using this position, and 
fixing the graft in extension, ensures that the graft 
is tightest in extension where the pivot shift 
mechanism comes into play. Conversely, having 
the graft be tighter in flexion was shown to lead to 
overconstraint while simultaneously being less 
effective at resisting the pivot shift [86].

Other complications are related to the surgical 
technique itself. Femoral tunnel convergence can 
occur if the ALLR tunnel is not directed anterior 
and proximal. The surgeon may also use the 
arthroscope to view the ACL femoral tunnel 
while the femoral ALL tunnel is drilled. If any 
breach is noted, ALLR tunnel drilling should be 
stopped and redirected [55, 57]. Though rela-
tively far from the zone of surgery, one must 
always be cognizant of the common peroneal 
nerve, initially deep and then posterior to the 
biceps femoris, until it wraps around the fibular 
neck. There are also the extra-surgical scar and 
potential hematoma from the lateral genicular 
artery.

 Considerations for ALLR vs Modified 
Lemaire

When considering which lateral extra-articular 
procedure to use, it is important to note that the 
current state of literature is, at best, equivocal. 
While some advantages and disadvantages of 
each procedure have been offered, very little of 
how these biomechanical or theoretical concerns 
will clinical affect patients is actually known at 
this time.

Which procedure is biomechanically, or, more 
importantly, clinically, more effective is unknown 
at this time. ALLR may be more anatomic and 
may require less surgical insult [12, 20, 55, 86]. It 
also may be less prone to overconstraint [52]. 
However, it does not address a potentially injured 
ITB, does not benefit from the pulley effect of the 

LCL, and may be more expensive [29, 35, 64]. 
Ultimately, when directly compared, neither pro-
cedure has proven superior [49, 53]. The decision 
on which to use (if any at all) should be up to the 
discretion of the operating surgeon. A list of 
ALLR and LET considerations can be found in 
Table 16.7.

 Conclusion

The ACL is the primary restraint to tibial internal 
rotation. Secondary stabilizers, including the 
ITB, ALL, anterolateral capsule, and lateral 
meniscus, provide additional restraint. When the 
ACL is injured, these secondary stabilizers may 
also be injured, particularly in patients with large 
pivot shifts. Biomechanical studies have demon-
strated that ACLR alone may not restore knee IR 
kinematics. When combined with ACLR, ALLR 
has been shown in some studies to restore stabil-
ity, though there is a risk of overconstraint. 
Multiple techniques for ALLR exist, but the most 
important keys are to avoid femoral tunnel con-
vergence and fixing the graft in external rotation 
or significant knee flexion, which may lead to 
overtightening. Clinical outcome studies appear 
promising, but only short- to mid-term data 
exists.
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 Introduction

The medial meniscus and meniscotibial liga-
ments provide both static and dynamic stabiliza-
tions to the medial side of the knee. Medial 
meniscal deficiency can be a source of pain and 
can contribute to rotational instability of the 
knee, as well as increase the amount of anterior 
tibial translation [1–3]. In the setting of a revision 
anterior cruciate ligament reconstruction 
(ACLR), meniscal deficiency may predispose the 
patient to an increased risk of failure. Musahl 
et al. [2] found, in a cadaveric study, that resec-
tion of the medial meniscus in ACL-deficient 
knees produced increased anterior tibial transla-
tion on Lachman testing as compared to the 
meniscus-intact state. Additionally, there is a lin-
ear relationship between the volume of meniscus 
removed and the tibiofemoral contact stresses, 
with total meniscectomy having been shown to 
increase peak contact stresses by 235% [4–8]. As 
a result, patients who undergo isolated ACLR in 
the setting of medial meniscal deficiency have 
been shown to exhibit poor long-term outcomes 
and an increased risk of osteoarthritis [9, 10]. 
Thus, the medial meniscal deficiency is often 
addressed with either a meniscal allograft trans-

plantation (MAT) or high tibial osteotomy 
(HTO), depending on the status of the articular 
cartilage and overall mechanical alignment.

This chapter will review the decision-making 
process involved in the management of failed 
ACL reconstruction with medial meniscal defi-
ciency, as well the surgical techniques for revi-
sion surgery and clinical outcomes.

 Indications and Contraindications

 Indications

In general, medial MAT is performed in the setting 
of revision ACLR in young patients with symp-
tomatic medial meniscal deficiency (instability, 
pain, swelling or a combination) and minimal 
medial compartment arthritic changes (Outerbridge 
Grade 0–2) [11]. Deficiencies in these patients are 
typically the result of recurrent meniscal tear, 
failed repair, or a previous subtotal or total menis-
cectomy. In this patient population, MAT is indi-
cated to both improve symptoms related to the 
meniscal deficiency and reduce the risk of graft 
re-rupture after revision ACL reconstruction by 
restoring more normal knee biomechanics.

An HTO is performed in the setting of revi-
sion ACLR in patients with varus malalignment, 
excessive posterior tibial slope, and/or significant 
medial compartment osteoarthritic changes 
(Outerbridge grade ≥3 or Fairbank’s changes on 
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plain radiographs) [12]. Varus malalignment 
increases the forces across the ACL, thereby 
placing patients at risk for re-tear, while exces-
sive posterior tibial slope, often defined as being 
greater than 12°, causes excessive anterior tibial 
translation and supraphysiologic stresses on the 
reconstructed ACL. Both of these factors consti-
tute an increased risk of re-rupture after revision 
ACL reconstruction [13].

 Contraindications

Contraindications for medial MAT in the setting 
of revision ACL reconstruction include age 
greater than 50 years, advanced medial compart-
ment chondral osteoarthritis, uncorrectable varus 
malalignment, knee ROM ≤5–120°, inflamma-
tory arthritis, synovial disease, and obesity [11]. 
Focal chondral lesions and malalignment that can 
be concomitantly corrected are not considered 
contraindications.

Contraindications for an HTO in the setting of 
revision ACL reconstruction include age greater 
than 65 years, neutral or valgus alignment, open 
physes, significant lateral compartment or patel-
lofemoral osteoarthritis, knee ROM ≤5–120°, 
poor soft tissue envelope, and heavy smoking 
[12]. Additionally, if the location of the planned 
osteotomy is at risk of breaching into the ACL 
tibial tunnel, the patient should be treated in two 
stages, with bone grafting of the tunnels per-
formed during the first stage.

 Patient Evaluation

 Patient History and Clinical 
Evaluation

The evaluation and management of patients pre-
senting with a failed ACLR begin with obtaining 
a thorough history and performing a comprehen-
sive physical examination of the knee. A com-
plete history includes a description of the 
mechanism and timeline of the injury, as well as 
details surrounding the prior interventions, 
including previous graft selection and status of 

the menisci and articular cartilage, while often 
non-specific, symptom quality and severity 
should be assessed to rule out possible concomi-
tant pathologies such as meniscal and chondral 
injuries. These may present predominantly with 
symptoms of pain, catching or locking, and artic-
ular effusions rather than giving way of the knee. 
The patient’s regular activities and goals should 
be discussed and understood in order to set 
appropriate physician and patient expectations 
prior to proposing further treatment.

Physical examination begins with an assess-
ment of gait, with a particular focus on whether 
any varus thrust is present. Varus thrust in the set-
ting of failed ACL reconstruction is suggestive of 
an associated injury to the lateral collateral liga-
ment and posterolateral corner (especially in the 
context of a varus knee), which is an independent 
risk factor for re-rupture if left unaddressed at the 
time of revision surgery. While standing, a 
patient’s overall lower extremity alignment and 
patellar position can be assessed. Next, with the 
patient supine on the examination table, the knee 
is inspected for previous incisions, which may 
provide insight on the procedures the patient pre-
viously underwent, and quadriceps atrophy. The 
knee is then assessed for the presence of intra- 
articular effusion, and the joint lines are palpated 
to elicit point tenderness suggestive of meniscal 
pathology. Knee range of motion (ROM) with 
observation of patellar tracking is then assessed, 
and special tests including the varus and valgus 
stress, Lachman, anterior and posterior drawer, 
pivot shift, dial, and McMurray tests are per-
formed. Any abnormalities detected on any of 
these maneuvers should alert the clinician to per-
form additional complementary special testing as 
indicated.

 Imaging Studies

Imaging modalities used in the work-up of a 
patient with a failed ACL reconstruction includes 
plain radiographs of the knee, lower extremity 
coronal and sagittal plane alignment films 
(Fig. 17.1), magnetic resonance imaging (MRI), 
and potentially computed tomography (CT). A 
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full set of weight-bearing radiographs (anterior- 
posterior [AP] view, lateral view, Merchant view, 
full-length weight-bearing AP and lateral, and 
Rosenberg view) is used for gross assessment of 
osteoarthritis and localization of previous bone 
tunnels. Full-length radiographs are useful in 
identifying any malalignment that may require a 
corrective osteotomy at the time of revision sur-
gery. If injury to the posterior cruciate ligament 
(PCL) or collateral ligaments is suspected, stress 
views specific to each of these can be obtained. 
MRI is used to assess soft tissue structures, 
including the menisci, cruciates, collaterals, 
articular cartilage, and status of the subchondral 
bone. MRI can also be used to assess tunnel posi-
tion and measure tunnel width in patients whom 
CT may be contraindicated. Prior bone tunnels 
are best assessed using CT, but these benefits 

must be weighed against the risks associated with 
radiation exposure secondary to its usage.

 Surgical Technique

 Medial MAT and Revision ACL 
Reconstruction

 Graft Selection
The most commonly utilized type of meniscus 
graft for allograft transplantation is non- 
irradiated, fresh frozen allograft. This method of 
graft preparation allows for a more prolonged 
surgical window as compared to fresh grafts 
while reducing the risk of disease transmission. 
After harvesting, these grafts are stored at −80 °C 
for up to 5 years [14]. Sizing is a critical aspect of 
MAT, as oversizing results in increased tibio-
femoral contact stresses, while under-sizing 
increases the forces borne by the meniscal graft 
and subjects the graft to a risk of tearing and 
failure.

The most commonly utilized method for 
medial meniscal graft sizing is the Pollard 
method, which utilizes the AP radiograph to 
determine medial meniscus width by measuring 
the distance between two parallel vertical lines 
extending from the medial proximal tibial 
metaphysis and the medial tibial eminence [15]. 
Medial meniscal length is then obtained by mea-
suring the distance between two parallel vertical 
lines extending from the anterior proximal tibial 
metaphysis and the posterior tibia at the level of 
the joint line on the lateral X-ray. Each of these 
measurements is then multiplied by a correction 
factor of 80% [15]. Additionally, newer three- 
dimensional sizing methods utilizing MRI are 
often preferred by tissue banks, as these may 
improve the accuracy of graft sizing as compared 
to conventional radiography [16].

The choice of graft used in revision ACL 
reconstruction is individualized for each patient 
based on their age, prior graft usage, and patient 
preference [17]. Generally speaking, autograft is 
preferred in the setting of a failed previous ACL 
reconstruction due to its reduced risk of re- 
rupture as compared to allograft [17–19]. 

Fig. 17.1 Leg length alignment films
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Alternatively, allograft is a reasonable choice if 
the patient is older and lower demand and has 
few remaining autograft options or if a concomi-
tant extra-articular augmentation procedure is 
planned. In addition, allograft is the preferred 
graft source when tunnel widening is present and 
the revision procedure is to be performed as a 
single stage. Graft selection in revision ACL 
reconstruction is discussed in greater detail in 
Chap. 5.

 Graft Preparation
Historically, the meniscal allograft was stabilized 
using a soft tissue fixation technique after intro-
duction into the joint. However, this is no longer 
recommended as studies have demonstrated that 
without any form of bony fixation, the load trans-
mission profile of the knee after MAT approxi-
mates that of the meniscus-deficient knee, thereby 
eliminating the biomechanical advantage con-
ferred to the knee after transplantation [20]. 
Therefore, current techniques rely on bony fixa-
tion of the anterior and posterior horns, which 
can be achieved either using the bone plug or 
bridge-in-slot technique.

The double bone plug technique (Fig. 17.2) is 
the most commonly utilized technique for medial 
MAT and will be the focus of this technical 
description. While the bridge-in-slot technique 
(Fig. 17.3) has been shown to yield similar bio-
mechanical results as the bone plug technique, it 
requires partial resection of the ACL tibial foot-
print when used for medial MAT and is therefore 
mostly indicated for lateral MAT [21]. The dou-

ble bone plug technique involves reverse- reaming 
two sockets into the medial tibial plateau at the 
locations of the anterior and posterior horns of 
the medial meniscus and in setting the graft bone 
plugs into these tunnels.

Preparation of the medial meniscus allograft 
for the bone plug technique of medial MAT 
begins with first excising any synovial attach-
ments to the meniscus, followed by identifying 
the posterior root attachment and marking its 
center with a marking pen. Next, a 1.1 mm K-wire 
is drilled through the mark and out the inferior 
aspect of the graft at an angle that approximates 
the socket to be reamed into the tibia. A 2.4 mm 
cannulated drill is then loaded over the wire and 
drilled in a retrograde fashion toward the poste-
rior root attachment, with care taken to exit the 
meniscus by hand so as to avoid wrapping and 
damaging the tissue. Next, a 9 mm coring reamer 
is loaded over the cannulated drill and also 
reamed in a retrograde manner, once again finish-
ing the process by hand. A 15-blade scalpel is 
then used to cut around the coring reamer and 
remove any excess tissue while preserving the 
posterior root attachment to the tibial bone plug. 
The posterior bone plug is then freed from the 
reamer, the cannulated drill is removed, and the 
bone plug is cut to the depth of 8 mm with a small 
microsagittal saw. Finally, a No. 2 FiberLoop 
suture (Arthrex, Naples, FL) is looped around the 
posterior root and passed through the drill hole in Fig. 17.2 Bone plug MAT

Fig. 17.3 Bridge-in-slot MAT
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the bone plug in an antegrade fashion. The same 
process is then repeated for preparation of the 
anterior root bone plug. The junction of the pos-
terior horn and meniscal body is then marked 
with a marking pen, and a No. 2 PDS suture is 
passed through the meniscus at this location in a 
vertical mattress configuration. This suture will 
aid with reduction of the meniscus allograft. 
After preparation, the allograft is wrapped in wet 
gauze and placed in a basin until it is ready for 
implantation.

 Patient Positioning
With the patient supine on the table, a tourni-
quet is applied high on the thigh, and the opera-
tive leg is placed in a circumferential leg holder. 
The distal bracket of the bed is lowered, allow-
ing for easy maneuverability of the leg during 
surgery and unobstructed access to the postero-
medial aspect of the knee for inside-out allograft 
repair. A folded blanket is placed under the 
proximal thigh of the contralateral leg to bring 
the hip into slight flexion and prevent any ten-
sion on the femoral nerve. The operative leg is 
then prepped and draped in the usual sterile 
fashion, and appropriate anatomic landmarks 
are marked, including the site of the posterome-
dial incision.

 Diagnostic Arthroscopy and Meniscal 
Debridement
Using standard anterolateral and anteromedial 
portal sites, a diagnostic arthroscopy is per-
formed. A spinal needle is used for creation of a 
low and lateral anteromedial portal that is 
1–2 mm inferior and lateral to a standard antero-
medial portal. Positioning the anteromedial por-
tal as such allows for improved access to the 
medial compartment. The meniscal deficiency is 
confirmed (Fig.  17.4), and the condition of the 
articular cartilage is assessed before proceeding. 
In cases where a subtotal meniscectomy was pre-
viously performed, an arthroscopic biter and 
4.5  mm shaver are used to debride the native 
meniscus, aiming to preserve a 1–2 mm periph-
eral rim to provide enhanced stability for allograft 
fixation. In cases where a total meniscectomy 

was previously performed, an arthroscopic rasp 
is used to abrade the capsule until a bleeding bed 
is created to encourage healing of the allograft to 
the capsule. We routinely release the MCL at the 
level of the proximal tibia, joint line, or distal 
femur using a pie-crusting technique, as this 
allows for excellent access and minimizes risk of 
iatrogenic chondral injury with no morbidity to 
the patient.

 ACL Tunnel Preparation
The prior ACL graft and tunnels are debrided, 
and the revision femoral tunnel is drilled over a 
Beath pin through the standard anteromedial por-
tal. A high-strength suture is then looped and 
passed into the femoral tunnel using the Beath 
pin. The loop is then retrieved out the anterolat-
eral portal and clamped to its tails that are exiting 
percutaneously out the lateral thigh. This avoids 
suture crowding on the medial side of the knee. 
The tibial tunnel is then exposed with a 4–5-cm- 
long anteromedial incision and drilled. The inci-
sion should be long enough to allow for easy 
retraction of the medial soft tissue flap for cre-
ation of the two tibial sockets for allograft 
implantation. An appropriately sized portal plug 
is then inserted into the external aperture of the 
tibial ACL tunnel to maintain intra-articular fluid 
pressure.

Fig. 17.4 Medial meniscus insufficiency
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 Tibial Socket Preparation
A 5.5  mm bone cutting shaver is then used to 
resect the medial half of the medial tibial emi-
nence. This will improve access to the posterior 
root attachment for socket drilling and avoid 
medial placement of the posterior socket. A tibial 
PCL FlipCutter guide (Arthrex, Naples, FL) is 
then inserted through the anteromedial portal and 
positioned internally on the location of the poste-
rior root attachment and externally on the antero-
medial tibia through the same incision used for 
creation of the ACL tibial tunnel. The ideal place-
ment of the guide externally should be approxi-
mately 1–2 cm medial to the ACL tibial tunnel 
and 5–6  cm distal to the medial joint line. The 
posterior socket is then created using an 8.5 mm 
FlipCutter (Arthrex, Naples, FL) to a depth of 
12–15 mm. A FiberStick (Arthrex, Naples, FL) is 
inserted into the posterior socket, and the suture 
loop is retrieved out the anteromedial portal.

The anterior tibial socket can then either be 
created in a similar fashion or under direct visu-
alization using an outside-in technique, through 
the arthrotomy. If a retrograde tunnel technique is 
used, one must ensure that the two drill tunnels 
don’t converge and that there is a sufficient bone 
bridge between it and the ACL tibial tunnel. This 
is made possible by placing the tibial guide 2 cm 
proximal and 1 cm medial to the location of the 
posterior socket drill tunnel on the anteromedial 
tibia. A crab claw instrument is then passed over 
both suture loops into the medial compartment 
through the anteromedial portal they are both 
exiting, ensuring absence of a suture bridge, and 
the sutures are clamped externally. If an outside-
 in technique is utilized, the anterior tibial socket 
is created after securing the posterior meniscal 
plug attachment.

 Posteromedial Approach
A standard limited posteromedial approach to the 
knee is utilized for safe passage of inside-out 
sutures for repair of the MAT. The medial epicon-
dyle is palpated, and the course of the medial col-
lateral ligament (MCL) is drawn. The incision 
extends from 1–2 cm proximal to the medial tib-
iofemoral joint line to 2–3 cm distal to it, placed 
0.5–1 cm posterior to the MCL. Sharp dissection 

is carried down to fascia, at which point the inter-
val between the medial head of gastrocnemius 
and semimembranosus is exploited to the level of 
the posterior capsule of the knee. Flexion and 
extension of the foot can assist with identification 
of the medial head of gastrocnemius. The expo-
sure is adequate when a sterile spoon can easily 
be inserted in the interval.

 Meniscal Allograft Introduction 
and Repair
Before introducing the graft into the knee, the 
anteromedial portal is extended into a mini-open 
arthrotomy large enough to permit passage of the 
graft. A zone-specific cannula is then placed into 
the anteromedial portal, and a meniscal repair 
needle is passed through the meniscal remnant at 
the junction of the body and posterior horn. The 
needle is then retrieved through the posterome-
dial incision under direct visualization. The pre-
vailing needle is removed, and the suture is tied 
into a loop and used to shuttle the graft passage 
sutures from the allograft through the posterome-
dial incision. The FiberLoop suture around the 
posterior bone plug is then passed into the suture 
loop exiting the posterior tibial socket and shut-
tled out the corresponding tibial tunnel.

Gentle traction is first maintained on posterior 
bone plug sutures, while the allograft is passed 
through the arthrotomy and then on the graft pas-
sage sutures until it is docked into the recipient 
socket. Once seated posteriorly, this process is 
repeated for the anterior bone plug. The knee can 
be cycled to aid with proper seating of the menis-
cus in the knee.

With the allograft in position, the meniscus is 
secured peripherally with 2–0 nonabsorbable 
sutures using an inside-out vertical mattress 
repair technique. Suture placement alternates 
between the superior and inferior aspects of the 
meniscal body for a balanced repair. The repair 
progresses anteriorly from the level of the graft 
passage sutures, and the sutures are retrieved 
through the posteromedial incision. All corre-
sponding sutures are clamped but not tied with 
each successive pass. This protects the meniscal 
allograft by allowing for greater mobility to 
translate with femoral rollback during the ACL 
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reconstruction portion of the procedure. An all- 
inside technique is then used for fixation of the 
posterior horn (Fig. 17.5).

 ACL Graft Passage and Fixation
Once the medial meniscal allograft is properly 
situated and all repair sutures are passed, the 
ACL graft can be introduced into the knee and 
fixated.

 Meniscal Allograft Fixation
The final step of the procedure consists of 
securely fixating the meniscal allograft. The 
knee is placed in full extension, and all corre-
sponding meniscal repair sutures from the pre-
vious step are tied under direct visualization 
with the arthroscope in the anterolateral portal. 
Once this is done, fixation of the anterior and 
posterior bone plugs is achieved by loading their 
corresponding sutures into a knotless anchor 
that is drilled and inserted into the anterior tibia 
distal to the bone tunnels. Alternatively, a suture 
button technique also provides secure fixation. 
The graft is then probed to confirm adequate 
stabilization.

 Key Steps
 1. ACL femoral tunnel preparation (anterome-

dial portal drilling technique)
 2. ACL tibial tunnel preparation (outside-in 

drilling technique)

 3. Posterior meniscus root tunnel preparation 
(retrograde drilling technique)

 4. Posteromedial approach
 5. Graft passage and docking (not yet fixed)
 6. Meniscal repair (inside-out technique with 

sutures left untied)
 7. ACL graft passage and fixation
 8. Meniscal fixation

 Closure
The posteromedial approach and anteromedial 
arthrotomy are irrigated and closed in layers. The 
portals are closed in a subcuticular manner, skin 
adhesive is applied to the incisions, and sterile 
dressings are applied. A hinged knee brace is 
then locked in extension and applied.

 HTO and Revision ACL Reconstruction

When correction of varus malalignment is 
required in the setting of revision ACL recon-
struction, there are a number of important techni-
cal factors to consider. The location of the previous 
tibial tunnel requires careful assessment to deter-
mine whether the revision procedure is conducive 
to a single stage or not. For example, a long, verti-
cal tunnel will likely be in the way of the location 
of the tibial osteotomy. If a new, more horizontal, 
independent revision tibial tunnel can be drilled 
proximal to the location of the planned osteotomy, 
then it may be feasible to proceed in a single 
stage. Similarly, if the previous tibial tunnel is 
very horizontal, then it may be possible to avoid it 
altogether and perform the osteotomy distal to it. 
However, a properly placed and widened tibial 
tunnel will likely be in the way of the site of the 
planned osteotomy. It also carries a high risk of 
fracture propagation into the tibial plateau during 
opening of the medial wedge if the decision is 
made to traverse it with the osteotomy. Such cases 
may require a two-staged procedure, with prepa-
ration and bone grafting of the tunnels during the 
first stage, followed by HTO and revision ACL 
reconstruction during the second.

A detailed technical description of coronal 
plane correction in the setting of revision ACL 
reconstruction can be found in Chap. 15.

Fig. 17.5 MAT after implantation
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 Postoperative Rehabilitation

To date, there is no well-established postopera-
tive rehabilitation protocol that has been shown 
to provide superior outcomes compared to other 
protocols, with wide variation reported between 
studies [22].

 Weight-Bearing

Both MAT and HTO resulted in prolonged reha-
bilitation following revision ACL.  The patients 
are initially kept partially weight-bearing for 
2 weeks, followed by 2–4 weeks of progressive 
weight-bearing to allow full weight-bearing with 
crutches at 4–6 weeks, after which full weight- 
bearing without crutches is allowed, pending nor-
mal gait cycle.

 Bracing

Following MAT and HTO, patients are kept in a 
knee brace locked in extension for the first 
2  weeks at all times, followed by locking in 
extension for 2  weeks for ambulation. Then at 
4 weeks, the brace is opened to 90 for a further 
2 weeks for ambulation, after which the brace is 
discontinued if the patient is capable of perform-
ing a straight leg raise without extensor lag.

 Range of Motion

The goal is to achieve 90 deg by 4 weeks, and 
120 deg by 6 weeks, and full range of motion by 
8 weeks.

 Return to Activity

Jogging and sport-specific exercises are allowed 
at 6  months, followed by running and agility 
exercises.

 Outcomes

 High Tibial Osteotomy

There is currently limited literature on the out-
comes following concomitant revision ACLR 
and HTO. Gupta et al. [12] performed a system-
atic review on combined revision ACLR and 
HTO, with 7 studies and 77 patients included. 
Overall, there was a high success rate with no 
failures reported, and 88% of patients exhibit a 
negative pivot-shift test postoperatively. 
Additionally, there was a significant reduction in 
the posterior tibial slope – mean reduction of 7° 
among patients with a preoperative slope of 
greater than 12° – thus reducing the strain placed 
on the reconstructed ACL graft. The only revi-
sion reported in the included studies was a patient 
with stiffness requiring arthrolysis. There was a 
paucity of data on return to play, with 6/7 athletes 
playing sports pre-injury being able to return to 
play. This review found radiographic signs of 
osteoarthritis preoperatively in 51.6% and post-
operatively in 58.3% of the 60 patients examined 
for osteoarthritis, which is lower than the mean 
rate of osteoarthritis following revision ACLR 
reported in literature (80.7%) [23]. However, sur-
geons should consider the possible associated 
difficulties with performing a future total knee 
replacement in patients who have an HTO 
implant in place when weighing the risks and 
benefits of the initial procedure [24, 25].

 Meniscal Allograft Transplantation

Similar to performing a concomitant HTO in the 
setting of revision ACL reconstruction, there is 
limited literature on the outcomes following con-
comitant revision ACLR and MAT.  Zaffagnini 
et  al. [26] evaluated 18 patients undergoing 
 combined revision ACL reconstruction and MAT, 
at a mean of 4 years follow-up. They found a sig-
nificant reduction in pain, improvement in func-
tional outcome scores, and a high satisfaction 
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rate. Overall, 13 patients were able to return to 
play, with only 1 of those unable to return to play 
being due to residual symptoms. However, four 
patients required further surgery, including two 
graft failures and two with persistent pain, one of 
whom required an HTO.

 Case Study

A 33-year-old male presented complaining of 
right knee instability and pain. He had a history 
of ACL reconstruction using allograft back 
3 years prior. He noted he has had multiple buck-
ling episodes with lateral movement, with the 
first one being a noticeable trauma while dancing 
3 months after his initial procedure. He reports 
intermittent swelling in his knee with buckling 
episodes, and he denies mechanical symptoms. 
On examination, he had full range of motion with 
mild symmetric varus and 2B Lachman with a 
positive pivot shift. He was non-tender at the 
joint lines and had a negative McMurray test. An 
X-ray with alignment films, a CT, and an MRI 
were performed. Firstly, the X-ray showed mini-
mal arthritic change, and alignment films showed 
minimal bilateral symmetrical varus deformity 
with the weight-bearing line falling just medial to 
the medial spine (Fig. 17.6). The CT scan showed 
acceptable prior tunnel position, without signifi-
cant bone tunnel widening. The MRI demon-
strated a full-thickness ACL tear and a deficient 
medial meniscus with some joint space narrow-
ing in the medial compartment, without gross 
osteochondral lesions (Fig. 17.7).

As this patient had a failed ACL reconstruc-
tion in slight varus with good bone tunnels and 
medial meniscal deficiency, a long discussion 
was about risks, benefits, and alternatives of 
revising the ACL ± MAT or HTO. We agreed that 
although he may have a slightly higher failure 
rate and without an osteotomy his varus is rela-
tively symmetric, a MAT may be a better alterna-
tive as it addresses his medial meniscal deficiency, 
and he would likely have a successful outcome 
given the minimal arthritic change in the joint. 
Additionally, it was determined that a bone- 
patellar tendon-bone autograft for the ACL 
reconstruction revision should be utilized due to 
his relatively young age and having failed a prior 

Fig. 17.6 Case study alignment films

Fig. 17.7 Case study MRI
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autograft. His MRI was sent for matching with 
the tissue bank, and he ultimately underwent sur-
gery 6 weeks later. At final follow-up, the patient 
is doing well and has resumed all of his activities 
of daily living.

 Conclusion

Revision anterior cruciate ligament reconstruc-
tion in the setting of medial meniscal deficiency 
is a challenging problem for the practicing sports 
medicine surgeon. Options to manage this include 
medial meniscal allograft transplantation or 
valgus- producing high tibial osteotomy, depend-
ing on the patient’s age, activities, overall kine-
matic alignment, and status of the articular 
surfaces. In general, meniscal allograft transplan-
tation is performed in the setting of revision ante-
rior cruciate ligament reconstruction in patients 
with symptomatic medial meniscal deficiency, 
neutral or correctable alignment, and intact artic-
ular surfaces. In contrast, valgus-producing high 
tibial osteotomy is performed in patients with 
varus malalignment, medial compartment osteo-
arthritis, or excessive posterior tibial slope to 
reduce the risk of re-rupture and improve symp-
toms and function.
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Management of Lateral Meniscus 
Deficiency in Revision ACL 
Reconstruction

Trevor Gulbrandsen, Olivia O’Reilly, Ian Gao, 
and Seth L. Sherman

 Introduction

Menisci in the tibiofemoral joint are essential, 
providing pivotal roles in knee stability and joint 
health including load transmission, stabilization, 
shock absorption, joint lubrication, and articular 
cartilage nutrition [1–3]. The two tibiofemoral 
menisci are biomechanically and anatomically 
unique with specific functions. While the medial 
tibial plateau is concave, the lateral tibial plateau 
is convex with the meniscus covering 80–85% of 
the surface and bearing up to 70% of the com-
partment axial load [1, 4, 5]. Complete meniscal 
deficiency in the form of total meniscectomy sig-
nificantly decreases tibiofemoral contact area 
leading to 2–3× the contact force transmitted [4, 
6]. The femur is also convex, creating complex 
kinematics and driving the unique “posterior roll-
back” motion on the lateral side [7] (Fig. 18.1). 
These dynamic biomechanics lead to greater risk 
of chondral degeneration and collapse with ear-
lier clinical symptoms when compared to medial 
compartment [8]. Therefore, lateral meniscus 
tears should be repaired when indicated, espe-

cially in young athletic patients. Lateral meniscus 
deficiency is often poorly tolerated with a higher 
prevalence of post-meniscectomy syndrome.

It is well known that the medial meniscus has 
a role in stability of the knee and acts as a second-
ary stabilizer to anterior-posterior displacement 
[9]. However, while previously believed to pro-
vide no secondary restraint, the lateral meniscus 
has recently been found to play a crucial role in 
the axial and rotatory stability of the knee [8, 10, 
11]. It has been demonstrated that patients who 
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Fig. 18.1 The lateral tibial plateau is convex with the 
meniscus covering 80–85% of the surface and bearing up 
to 70% of the lateral compartment axial load
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have undergone lateral meniscectomy experience 
decreased rotatory stability along with increased 
functional deterioration [12–14]. Lateral menis-
cal injuries including tears and posterior root 
avulsions are a common associated injury with 
anterior cruciate ligament (ACL) tears, occurring 
in up to 12–14% of cases [15–21]. This combined 
injury is more common with acute ACL tears and 
in active males who sustain a contact injury [11, 
21, 22].

Although the meniscus should be preserved 
and repaired whenever possible, functional or 
subtotal meniscectomy is sometimes unavoidable. 
While providing symptomatic relief, lateral 
meniscal deficiency places the knee at greater risk 
for post-operative instability and is a significant 
risk factor for graft failure in ACL reconstruction 
[23–26]. Parkinson et al. reported meniscal defi-
ciency as the most significant risk factor associ-
ated with graft failure after ACL reconstruction 
[24]. Robb et al. demonstrated similar results in 
123 primary ACL  reconstructions, reporting a 3.5 
times increased risk of ACL graft failure in the 
presence of lateral meniscal deficiency [25]. In 
the setting of ACL reconstruction, meniscectomy 
(medial or lateral) is also associated with lower 
subjective outcome scores, significant activity 
limitations, and progressive radiographic abnor-
malities [26, 27]. Lateral meniscus deficiency 
contributes to the accelerated deterioration of the 
lateral compartment chondral surfaces, particu-
larly in patients with valgus malalignment and/or 
ACL deficiency [8].

MAT has been demonstrated to be one of the 
few treatment options for meniscal deficient 
knees in young patients. There have been consid-
erable advancements since the first meniscal 
transplantation in 1984 [28], with expansion of 
evidence-based indications and techniques con-
tributing to improved long-term outcomes. The 
fundamental goal of the MAT procedure is to 
attempt to re-establish the biomechanical proper-
ties of the native meniscus in an attempt to reduce 
pain, restore knee function, improve patient qual-
ity of life, and possibly delay osteoarthritis 
[29–31].

Given the detrimental effect of lateral menis-
cal deficiency on knee stability, ACL reconstruc-

tion graft failure rates, patient-reported outcomes, 
and radiographic degeneration, we consider per-
forming lateral meniscal allograft transplantation 
(MAT) (Fig. 18.2) in select patients with lateral 
meniscal deficiency undergoing revision ACL 
reconstruction [8, 29–31]. Patient education is 
critical to successful revision surgery. Careful 
preoperative planning, meticulous surgical tech-
nique, and a stepwise and progressive rehabilita-
tion plan are required to increase the chance of a 
successful outcome.

 Revision ACL Reconstruction: 
Preoperative Workup

The surgeon must perform a thorough and com-
prehensive evaluation including history, physical 
examination, and imaging studies. History should 
elucidate the reason for primary ACL graft fail-
ure. Lateral meniscus deficiency can be suspected 
from information found in previous operative 
report(s) or surgical pictures including prior 
meniscectomy or attempted lateral meniscus 
repair. This will be confirmed by imaging studies 
(i.e., MRI) and/or staging arthroscopy. Other 
causes of ACL failure must be systematically cat-
egorized (i.e., patient demographics, activity 
level, traumatic vs. insidious failure, suspicion 
for infection, prior graft choice, tunnel position, 

Fig. 18.2 Intraoperative photograph depicting a lateral 
meniscus allograft transplant (MAT)
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bony alignment, missed posterolateral or pos-
teromedial corner injury). Localizing lateral pain, 
swelling, or mechanical symptoms may provide 
clues toward symptomatic lateral meniscal defi-
ciency. Patient goals and expectations must be 
determined (i.e., occupation, recreation, level of 
competition).

Physical exam in patients with failed ACL and 
lateral meniscus deficiency may demonstrate an 
explosive grade III pivot shift. While the medial 
meniscus functions as a critical secondary stabi-
lizer to anterior translation of the tibia during a 
Lachman maneuver, the lateral meniscus has 
been shown to be an important restraint to ante-
rior tibial translation during combined valgus and 
rotatory loads applied during the pivot shift [8, 
26, 32]. Multiple cadaveric studies have shown 
increased anterior tibial translation and tibial 
internal rotation with deficiency of the lateral 
meniscal root and meniscofemoral ligaments [33, 
34]. Lateral joint line tenderness and effusion 
may also be present in patients with lateral menis-
cus deficiency and lateral chondral defects.

Standard imaging for revision ACL surgery 
includes comparison weightbearing AP, PA flex-
ion, lateral, Merchant, mechanical axis radio-
graphs as well as magnetic resonance imaging 
(MRI). Additionally, computed tomography (CT) 
imaging with 2D and 3D reconstructions allows 
the surgeon to precisely evaluate ACL tunnel 
position and tunnel widening and to measure 
tibial slope.

The above information is utilized to create a 
problem list for revision ACL surgery. If this list 
includes tunnel widening requiring bone graft-
ing, malalignment requiring osteotomy, suspi-
cion for meniscus deficiency, and/or focal 
chondral defect requiring cartilage restoration, a 
two-stage approach is reasonable. The first stage 
includes examination under anesthesia with 
direct comparison to the non-operative limb. 
Arthroscopy will confirm meniscus deficiency 
and will determine the exact size, depth, and 
location of any concomitant cartilage lesions. 
The surgeon may consider cartilage biopsy for 
future autologous-cultured chondrocytes 
(MACI®) or measure any defects for future 
osteochondral allograft. Unstable flaps of menis-
cus or cartilage are debrided, synovectomy per-
formed, tunnels are inspected and bone grafted as 
needed, and realignment osteotomy performed if 
indicated. Second stage should include all defini-
tive intra-articular procedures including revision 
ACL reconstruction, lateral meniscus transplan-
tation, and cartilage restoration as indicated 
(Fig. 18.3).

Autograft ACL graft should be utilized when 
available. In 2014, a Multicenter ACL Revision 
Study (MARS) compared the outcomes of ACL 
graft choice at 2  years following revision ACL 
reconstruction [35]. This large cohort study dem-
onstrated increased sports function and Patient 
Reported Outcomes (PRO) as well as decreased 
incidence of graft re-rupture when an autograft is 

Fig. 18.3 Arthroscopic photograph of lateral MAT with concomitant cartilage repair procedure
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utilized. Any osteotomy hardware may be removed 
at second stage if the bone has previously healed.

In the setting of a failed ACL reconstruction, 
indications for lateral MAT include painful effu-
sions and/or functional instability (i.e., explosive 
pivot shift) associated with lateral meniscus defi-
ciency. Patient alignment should be neutral or 
corrected to between the tibial spines. Tibial 
slope should be normal or corrected at the first 
stage. Chondral defects ICRS grade III-IV should 
be addressed concomitantly with MAT in the lat-
eral compartment. Other secondary stabilizers 
should be addressed at the time of revision ACL 
reconstruction (i.e., posteromedial and postero-
lateral reconstruction). Standard contraindica-
tions for MAT should apply including elevated 
BMI, smokers, non-compliant patients, inflam-
matory disorders, and active infection. Care 
should be taken when considering concomitant 
MAT in contact/collision athletes. Alternative 
strategies for knee joint stabilization (i.e., lateral 
tenodesis and osteotomy) may be better suited to 
this very challenging high-demand population. 
Prolonged conservative rehabilitation and risk of 
graft breakdown with high-impact load limit the 
utility of MAT in this specific population [36].

 MAT Sizing

Proper preoperative sizing of the allograft is an 
important aspect of meniscal transplantation. 
Inadequate sizing of the graft can lead to improper 
biomechanics, meniscus extrusion, and trans-
plant failure requiring additional surgical proce-
dures [37]. Graft size should be within 10% of 
the native meniscus [22]. Oversized grafts result 
in increased risk of graft extrusion, which can 
cause increased compressive forces across the 
articular cartilage and ultimately graft failure 
[23]. However, an undersized allograft experi-
ences increased biomechanical load across the 
graft, which can result in graft disruption [37, 
38]. Therefore, correct preoperative measure-
ments along with the availability of a reliable tis-
sue bank is necessary.

Several different methods have been recom-
mended for meniscus sizing by utilizing radio-

graphs, computed tomography (CT), magnetic 
resonance imaging (MRI), and arthropometric 
data [38]. The Yoon equation for length and 
arthropometric method for width are often pre-
ferred when planning for preoperative lateral 
MAT procedure. It is important to consider that 
the mediolateral sizing is more important than 
anteroposterior sizing [39]. Lee and colleagues 
recommend that when both dimensions cannot be 
matched, the graft size should be determined by 
the width [40]. Obtaining an MRI of the contra-
lateral knee may be beneficial [41]; however, this 
should be used for select cases only. Shaffer et al. 
reported data that suggests that compared to 
radiographs, the use of MRI is only moderately 
more accurate in determining the correct size of 
the meniscus [42]. Additionally, MRI has the 
associated burden of increased cost [26].

 Surgical Technique for Revision ACL 
Reconstruction and Lateral MAT

For revision ACL and lateral MAT, order of oper-
ations should be systematic and stepwise. Patient 
is taken to the operating room after regional anes-
thesia is administered in the holding area. In gen-
eral, a motor-sparing adductor canal catheter are 
utilized but a femoral block may be considered. 
Following induction of general anesthesia, an 
examination under anesthesia is performed for 
both limbs. Comparison of joint ROM (i.e., 
hyperlaxity), as well as ligamentous laxity 
(Lachman, pivot shift), should be performed. 
Note that stress fluoroscopy to rule out postero-
medial/posterolateral injuries is performed as 
indicated during the initial staging arthroscopy in 
the majority of these cases. Tourniquet is placed 
but not inflated. We typically begin with ipsilat-
eral ACL graft harvest. In most revision cases, 
quadriceps autograft is harvested without bone 
and prepared as an all-inside construct using sus-
pensory cortical fixation. Graft has a diameter of 
9–10 mm and a length of 70 mm. The extensor is 
meticulously repaired. A damp sponge is placed 
in this small wound which is closed toward the 
end of the case. The graft is prepared and pre- 
tensioned on the back table.
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Standard arthroscopy is performed. 
Synovectomy and scar lysis of adhesion are per-
formed as indicated. ACL tunnels have been pre-
viously evaluated, debrided, and/or bone grafted. 
The lateral meniscus is prepared to leave a 
2–3  mm rim of healthy tissue. A shaver and/or 
biter are utilized for this step. The meniscal rasp 
is used to create bleeding rim and fresh synovium/
capsule.

The lateral meniscus is oval shaped, vertically 
oriented in the axial plane with less distance 
between the anterior and posterior roots than on 
the medial side of the joint (Fig. 18.4). For this 
reason, lateral MAT has classically been per-
formed with bone bridge techniques [43–45]. 
Advantages include strong time-zero root fixa-
tion and maintained relationship between the 
anterior and posterior horns attached to the same 
bone block. There are limitations including tech-
nical difficulty flipping the meniscus into the 
joint, loss of bone stock, inability to handle graft 
mismatch, among others. Classic bone plug tech-
nique has advantages including easier passage 
into the joint, ability to accommodate for graft 
mismatch, and no associated risk of any ACL dis-
ruption and tissue loss for either medial or lateral 
MAT (Fig. 18.5) [11, 15, 21]. Known disadvan-
tages include challenges seating an 8–10  mm 
deep plug into the tibial sockets and lower time- 
zero root fixation strength. There is also concern 
regarding tunnel convergence laterally with stan-
dard drilling techniques, given the close proxim-

ity of the roots. Soft tissue–only MAT is 
technically easiest and often performed around 
the globe. Concerns include decreased root fixa-
tion strength with classic suturing techniques and 
the increased risk of MAT extrusion when com-
pared to bony techniques.

We have developed a hybrid technique that 
harnesses the advantages of all techniques (soft 
tissue, bone plug, and bone-bridge MAT) while 
limiting several of the disadvantages. Our tech-
niques described fulfills several important crite-
ria: (1) anatomic footprint restoration, (2) 
minimally invasive (all-arthroscopic), (3) techni-
cally straightforward passing the MAT into the 
joint (4), strong time-zero fixation allowing for 
early ROM, (5) ability to handle graft mismatch 
in real time, (6) attempt to handle extrusion with 
capsular fixation to the tibia (capsulodesis), and 
(7) maintenance of bone stock in the event a revi-
sion is required in the future.

The lateral MAT is prepared on the back table. 
Each lateral root has small bone plugs of 9 mm 
width and 3 mm depth. The posterior bone plug 
and adjacent root soft tissue are prepared similar 

Fig. 18.4 Axial view illustration depicting medial and 
lateral meniscus anatomy and lines depicting the location 
for meniscal transplant trough placement both medially 
and laterally in relation to the cruciate ligaments

Fig. 18.5 Illustration depicting the bone plug meniscus 
allograft transplant (MAT) technique

18 Management of Lateral Meniscus Deficiency in Revision ACL Reconstruction



276

to a QuadLink® Tightrope ABS suspensory fixa-
tion (Arthrex, Naples, Florida). This will allow 
modulation of the posterior root depth to accom-
modate either graft mismatch or time-zero graft 
extrusion during the case. The anterior root is 
prepared with FiberLoop suture tape (Arthrex, 
Naples, Florida) that is whip-stitched to include 
both soft tissue and bone. A labral tape is placed 
in horizontal mattress fashion at the junction of 
the mid-meniscus with the posterior horn of the 
MAT. This can be utilized as a shuttle stitch to 
deliver the MAT into the joint. The femoral sur-
face of the MAT is marked with an “A” for ante-
rior and “P” for posterior for orientation 
purposes.

In the Fig. 18.4 position, a retrocutter is uti-
lized through the medial portal directed at the 
posterior root insertion of the lateral meniscus 
(Fig. 18.6). Incision is made longitudinal on the 
tibial cortex midway between anterior crest and 
posterior border. This incision can be utilized for 
ACL and lateral MAT cortical fixation. A 9 mm 
wide by 10 mm deep socket is reamed and a shut-
tle suture is passed and retrieved out the lateral 
portal. The socket is reamed deeper than the size 
of the posterior root bone plug (9 mm × 3 mm) to 
accommodate for any graft mismatch. The femo-
ral ACL tunnel is then reamed in standard fashion 
and shuttle suture retrieved out the lateral portal. 

The tibial ACL socket is reamed and shuttle 
retrieved medially. Finally, a retrocutter is uti-
lized through medial portal (visualizing high and 
lateral) to create the anatomic socket for the ante-
rior root of the lateral meniscus. The ACL tibial 
socket is typically more vertical and exits the 
tibia just medial to the tibial tubercle. The lateral 
MAT socket is adjacent but not overlapping the 
ACL footprint and reamed to a 3–5 mm depth. 
The shuttle suture exits the tibial cortex posterior 
and medial in relation to the ACL socket.

The lateral meniscus is more mobile than the 
medial meniscus, with no additional attachments 
to the LCL or the popliteal hiatus. There is con-
cern regarding limiting lateral MAT mobility if 
meniscotibial fixation is performed. However, 
there is also concern regarding lateral MAT 
extrusion if there is weak capsule or minimal 
native remnant for fixation. For these reasons, we 
utilize a lateral capsulodesis to try and reduce the 
risk of lateral MAT extrusion but minimize over-
constraint [46, 47]. A spinal needle is utilized to 
pierce the lateral capsule just above the meniscus 
remnant at the junction of the mid-meniscus with 
the anterior and posterior horns respectively 
(Fig.  18.7). Two pairs of horizontal mattress 
labral tape sutures are shuttled into the capsule 
using the spinal needles and a plastic cannula in 
the lateral portal. These sutures are anchored 

Fig. 18.6 Arthroscopic photograph of the retrocutter 
positioned on the posterior root of the lateral meniscus

Fig. 18.7 Spinal needle at the lateral capsule. Surgeon 
should place the needle above the meniscus remnant at the 
junction of the mid-meniscus with the anterior and poste-
rior horns to complete the lateral capsulodesis
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(Pushlock Anchors® Arthrex, Naples, Florida) to 
the lateral tibia just below the meniscus remnant 
through small central open lateral incision. This 
brings the capsule to the tibia prior to shuttling 
the MAT into the joint. An inside-out device is 
utilized to pass a shuttle stitch at the junction of 
the native mid-meniscus with the posterior horn. 
This is retrieved out the lateral portal.

After a cannula is placed, the sutures for the 
anterior and posterior root sockets and postero-
lateral shuttle stitch are retrieved. The cannula is 
then removed. The posterior root and posterolat-
eral shuttle stitch are utilized to shuttle the 
respective aspects of the lateral MAT into the 
joint through lateral portal under direct 
arthroscopic visualization. The anterior horn/root 
is then shuttled into the anterior socket. The 
attachable button is applied, and provisional fixa-
tion is performed for the posterior root. The 
 anterior root is seated and firmly fixed with knot-
less anchor (SwiveLock Anchor® Arthrex, 
Naples, Florida) (Fig. 18.8). At this point, graft 
mismatch is assessed. If the graft is too large, the 
suspensory cortical mechanism may be shortened 
to bring some of the posterior horn/root deeper 
into the posterior socket. Usually, no more than 
3–5 mm of mismatch is initially present. Hybrid 
fixation is then performed including all-inside 
posterior, inside-out for mid-meniscus, and out-

side- in as needed. In total, 6–8 points of fixation 
are typically utilized. The MAT is probed care-
fully and taken through ROM arc after final 
fixation.

At this point, attention is turned to completion 
of the ACL reconstruction in standard fashion. If 
concomitant cartilage restoration is to be per-
formed, the ACL graft may be passed but not fix-
ated on the tibial side. A limited lateral arthrotomy 
can be performed for cartilage restoration. Once 
complete, final ACL tensioning can be performed 
along with direct repair of the anterior horn of the 
MAT to the native meniscus rim and capsule. 
Final fluoroscopic images are taken. Examination 
under anesthesia is again performed. Wound is 
closed and dressing applied in standard fashion.

Below is a list of the steps:
 1. MAT prepared (bone plugs: 9 mm × 3 mm)
 2. Posterior root drilled (Fig. 18.4 position; ret-

rocutter through medial portal; 
9 mm × 10 mm socket)

 3. Femoral ACL tunnel reamed (shuttle 
retrieved laterally)

 4. ACL socket reamed (shuttle retrieved 
medially)

 5. Retrocutter utilized to create anterior root 
socket (3–5 mm depth)

 6. Lateral capsulodesis

a b

Fig. 18.8 (a) Prior to seating the anterior bone-plug. (b) After seating the anterior bone-plug in the socket adjacent to 
the ACL
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 7. Sutures retrieved for anterior and posterior 
root sockets

 8. Lateral MAT shuttled into joint
 9. Anterior horn/root shuttled into the anterior 

socket
 10. Attachable button applied
 11. Provisional fixation performed for the poste-

rior root
 12. Anterior root fixed with knotless anchor
 13. Graft mismatch assessed
 (a) Too large ➔ the suspensory cortical 

mechanism shortened to bring posterior 
horn/root deeper into socket

 14. Hybrid fixation performed (typically 6–8 fix-
ation points)

 (a) All-inside posterior
 (b) Inside-out for mid-meniscus
 (c) Outside-in as needed
 15. ROM arc after final fixation
 16. ACL reconstruction proceeded
 17. ACL tensioning
 18. Direct repair of anterior horn of MAT
 19. Final flouroscopic images
 20. EUA
 21. Wound closure

 Rehabilitation

Postoperative rehabilitation includes flat-foot 0% 
weightbearing in a hinged knee brace for approx-
imately 6 weeks. Range of motion (ROM) pro-
gression is slow initially to reduce the risk of 
graft extrusion [48]. Gravity-assisted ROM or 
CPM may be started within the first 1–2 weeks. 
Early goals include full terminal extension, quad-
riceps activation, and passive gravity-assisted 
ROM to 90° by 6 weeks. After 6 weeks, patients 
transition to Weight bearing as tolerated (WBAT) 
and unlock the brace with quadriceps control. 
They can discontinue the brace to a knee sleeve at 
this time. Progressive ROM continues while 
avoiding closed chain squatting past 90° for 
3–4 months. Mid- rehabilitation focuses on resto-
ration of gait, daily life activities, and low impact. 
Linear progression may be initiated based on 
minimum time (~9 mos) and functional criteria. 
In general, complex lateral movements and 

impact loading are avoided in most of these 
patients. Select athletes (noncontact, noncolli-
sion) may progress per protocol between year 1 
and year 2 as long as the joint has regained 
homeostasis (i.e., no effusion or pain) and regain 
neuromuscular strength, flexibility, and control 
as demonstrated on return- to- sport testing. The 
majority of patients are undergoing this proce-
dure to improve previous damage, and do not 
progress past normal daily activites and low 
impact recreational sport.

 Outcomes of Meniscus Allograft 
Transplantation

Meniscus allograft transplantation (MAT) has 
emerged as a viable option for treatment of 
meniscus deficiency, with recent studies showing 
improved knee function and return to activity 
[49–52]. Overall, there have been reliable studies 
demonstrating the good outcomes of MAT [49–
57]. Very few studies have determined the mid- to 
long-term outcomes of concomitant revision 
ACL reconstruction and lateral MAT specifically. 
Zaffagnini et  al. performed 50 combined ACL 
reconstructions with MAT (medial or lateral); 
44% had primary ACL reconstruction with MAT, 
while 39% underwent revision ACL reconstruc-
tion and MAT. Additionally, 17% of the cohort 
underwent ACL reconstruction with MAT in 
addition to high tibial osteotomy. At 5 years post- 
surgery, patients reported significant improve-
ments in outcomes (Tegner score, Lysholm score, 
and Visual Analog Scale [VAS]). Furthermore, 
85% of patients were able to return to sport with 
37% returning to the same or higher performance 
level when compared to pre-injury performace 
level. Failure and reoperation rates were 15% and 
17%, respectively [58].

Saltzman et al. also prospectively followed 40 
patients who underwent combined ACL 
 reconstruction (primary or revision) and MAT 
(33 medial MAT, 7 lateral MAT) [59]. At a fol-
low-up of 5.7 years, 50% of patients were able to 
return to sport (39% to same level of play), and 
patients had significantly improved outcome 
scores. While the re-operation rate was high at 
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35%, a majority were simple arthroscopic 
debridement procedures. The failure rate was 
reported at 20% with 15% undergoing total knee 
arthroplasty. Of note, the lateral MAT subgroup 
showed significantly improved patient-reported 
outcomes compared to the medial MAT sub-
group, and the lateral MAT subgroup had no 

cases of reoperation or failure. This suggests that 
patients who undergo lateral MAT with ACL 
reconstruction may have better outcomes than 
those who undergo combined ACL reconstruc-
tion and medial MAT [59]. Table  18.1 outlines 
additional studies of MAT outcomes.

Table 18.1 Outcomes of lateral MAT and concomitant ACL reconstruction

Study

Case 
number 
(n) Methods/fixation Follow-up Outcome

Saltzman 
et al., 2017 
[59]

27 Bone bridge (33 medial, 7 
lateral) + Anterior Cruciate 
Ligament Reconstruction 
(ACLR)

Mean: 
5.7 years

19 concomitant procedures, including 9 
HWR and 9 OCA. Significant improvements 
in 11/14 PRO measures at final follow-up. 
50% had return to sport. No significant joint 
space narrowing was noted. Overall survival 
rate at final follow-up was 80%. Failures 
occurred at a mean of 7.3 years. Lateral MAT 
group should significantly improve PRO 
measures compared to medial MAT group. 
No failures in lateral MAT group

Marcacci 
et al., 2014 
[50]

16 12 MAT in professional 
soccer players (6 medial, 6 
lateral), soft tissue only

36 months 11 of 12 returned to play at semiprofessional 
or higher level. No significant differences in 
return to training/first game for medial vs. 
lateral or isolated vs. concomitant procedure

Chalmers 
et al., 2013 
[52]

18 Bone bridge (10 lateral); bone 
plug (3 medial)

Mean: 
3.3 years

10 of 13 patients (77%) returned to sporting 
activity at final F/U. The mean KOOS score 
for the sport subset was 76 (SD, 18), the 
mean IKDC score was 77 (SD, 14), and the 
mean Lysholm score was 81 (SD, 13). Of the 
13 patients, 3 (23%) required further surgery, 
comprising one revision MAT, one partial 
meniscectomy, and one meniscal repair

Saltzman 
et al., 2012 
[53]

19 22 MAT (13 medial with 
bone plug technique, 9 lateral 
with keyhole technique), 14 
had a concomitant procedure 
(8 ACLR or revision ACLR)

Mean 
8.5 years

Lateral MAT has significantly higher Overall 
Knee Condition and postop IKDC scores 
compared to medial MAT. MAT with 
concomitant procedure demonstrated greater 
improvement in most PROs than isolated 
transplants

Verdonk 
et al., 2006 
[54]

20 Soft tissue only Mean: 
12.1 years

Significant improvement was seen in 
modified HSS pain, walking, and stair scores 
at final FU (p = 0.011, p = 0.007, p = 0.018). 
KOOS scores obtained at the final FU showed 
substantial disability/symptoms and reduced 
quality of life. 13/32 knees did not show any 
joint space narrowing. MRI showed 70% 
were partially extruded. There was an 18% 
overall failure rate. 90% of patients were 
satisfied with the procedure

Zaffagnini 
et al. 2019 
[58]

26 50 combined ACLR-MAT Mean 
5 years

Significantly improved PRO measures. 85% 
returned to sport, 37% at same or higher 
performance level. Failure and reoperation 
rates were 15% and 17%, respectively

(continued)
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 Case Example

 History/Exam

Patient is a 17-year-old female, competitive soc-
cer player, with a history of previous left knee 
ACL hamstring autograft reconstruction at an 

outside institution 3 years ago. She also under-
went subtotal lateral meniscectomy in a separate 
procedure after return to play. Unfortunately, the 
athlete continued to have lateral pain, effusions, 
and a feeling of intermittent “giving out” of her 
knee with activity. She had an “episode” one day 
prior to presentation.

Table 18.1 (continued)

Study

Case 
number 
(n) Methods/fixation Follow-up Outcome

Verdonk 
et al., 2005 
[31]

*** Soft tissue only Mean: 
7.2 years

11/39 (28%) of the medial allografts and 
10/61 (16%) of the lateral allografts failed. 
Mean cumulative survival time (11.6 years) 
was identical for the medial and lateral 
allografts. The cumulative survival rates for 
the medial and lateral allografts at 10 years 
were 74.2% and 69.8%, respectively. The 
mean cumulative survival time and the 
cumulative survival rate for the medial 
allografts used in combination with a high 
tibial osteotomy were 13.0 years and 83.3% 
at 10 years, respectively

Yoldas et al., 
2003 [60]

*** 31 patients (11 isolated MAT 
[9 lateral, 2 medial], 20 
ACLR+MAT [3 lateral, 14 
medial, 3 combined]; bone 
plugs (medial) or bone bridge 
(lateral)

Mean: 
2.9 years

No significant difference in PRO based on 
medial versus lateral transplant, with or 
without concomitant ACLR. Eighty-three 
percent primary ACLR+MAT and 75% 
revision ACLR+MAT returned to moderate 
sport activity

Van Arkel 
and de Boer, 
1995 [61]

*** 63 allografts (34 lateral,17 
medial, 6 combined); soft 
tissue fixation

Mean: 
5 years

Cumulative survival rate for lateral allografts 
76% (at 11 years), medial allografts 50% (at 
10 years), and combined 67% (at 9 years). 
Significant negative correlation between ACL 
rupture and successful medial MAT

Yoon et al 
2020 [62]

*** 31 MAT after ACLR (16 
medial, 15 lateral); no 
concomitant ACLR-MAT; 
keyhole (lateral), bone plugs 
(medial)

Minimum: 
2 years

Medial MAT patients had significantly 
greater improvement in PROs than lateral 
MAT patients. Significant improvements 
postoperatively in pivot shift test for medial 
MAT, but not lateral MAT. Preop side-to-side 
difference in anterior tibial translation was 
significant only in medial MAT

Sekiya et al. 
2003 [63]

*** 28 MAT+ACLR (21 medial 
[bone block], 4 lateral [bone 
bridge], 3 both), 19 ACLR 
and 9 revision ACLR

Mean: 
2.8 years

Significantly better IKDC group rating in 
primary ACLR vs. revision. No significant 
difference in PROs based on location of 
MAT. No significant change in joint space 
narrowing. No difference in ligamentous laxity

van der Wal 
et al., 2020 
[64]

*** 109 MAT (36 medial, 73 
lateral), 16 concomitant 
ACLR; soft tissue + suture 
anchor

Median: 
54 months

MAT failure rate 10% (2 medial, 9 lateral). 
Mean survival 16.1 years, no significant 
difference between medial and lateral. 
Survival associated with age at baseline 
(greater in those <35 years old). Survival not 
associated with compartment treated, with or 
without ACLR. Less improvement in KOOS 
scores with concomitant CALR, greater 
number of knee surgeries prior to MAT

*** P values less than 0.001.
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On exam, the patient had an antalgic gait, diffuse 
and lateral joint line tenderness, 0-0-135° range of 
motion, negative McMurray, grade IIIB Lachman, 
and explosive grade III pivot shift. Imaging studies 
were ordered and thoroughly evaluated. 
Radiographs demonstrated previous ACL with 
overall anatomic alignment combined with pre-
served joint spaces (Fig. 18.9). CT was evaluated to 
examine ACL tunnel position and to measure tibial 
slope. Tunnel widening >14 mm was demonstrated 
(Fig.  18.10). MRI demonstrated lateral meniscal 
deficiency and a disrupted ACL graft (Fig. 18.11).

Given her complex condition, inability to per-
form in her sport, and symptoms even with daily 

life activity, the patient was indicated for salvage 
surgical intervention. A comprehensive problem 
list was created. This includes failed ACL recon-
struction with widened prior anatomic tunnels 
and lateral meniscus deficiency. Patient goals and 
expectations were carefully discussed including 
quality of life and risk/benefit and timeframe of 
future return to sport. A two-stage solution was 
proposed, as bone grafting the widened tunnels 
was necessary. The patient underwent diagnostic 
arthroscopy with bone grafting (Fig.  18.12) 
followed by concomitant ACL revision and lateral 
meniscal allograft transplantation (Fig.  18.13) 
once the tunnels had consolidated. Postoperative 

Fig. 18.9 Initial 
radiographs of case 
example demonstrating 
previous ACL with 
overall anatomic 
alignment combined 
with preserved joint 
spaces

18 Management of Lateral Meniscus Deficiency in Revision ACL Reconstruction
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Fig. 18.10 CT revealed ACL tunnel widening of >14 mm

Fig. 18.11 MRI demonstrated lateral meniscal deficiency and a disrupted ACL graft

a

b

c

Fig. 18.12 Intraoperative arthroscopic images of diagnostic arthroscopy demonstrating disrupted ACL (a) and then 
post-removal and placement of bone graft (b, c)
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radiographs demonstrate metallic screws for revi-
sion ACL autograft and buttons for concomitant 
lateral MAT (Fig.  18.14). The patient is doing 
well at short-term follow-up (<6 months) but has 
long recovery timeframe ahead.

 Conclusion

In select patients, revision ACL reconstruction 
and lateral MAT can be a powerful combina-
tion to address increased rotatory instability 

and/or symptomatic post-meniscectomy syn-
drome. Appropriate indications and careful 
preoperative planning including staging 
arthroscopy are often required. Surgical preci-
sion and stepwise rehabilitation are critical. 
Patient expectations must be addressed to 
ensure optimal subjective and objective out-
come. These are bridging procedures often 
performed in salvage. Patients should be aware 
of the likelihood of requiring future nonopera-
tive or operative intervention for their chal-
lenging condition.

a b

cd

Fig. 18.13 During diagnostic arthroscopy, the patient underwent concomitant ACL revision (a, b) and lateral meniscal 
allograft transplantation (c, d)
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Management of the Stiff ACL 
Reconstruction

Michael J. Sayegh, Colin Burgess, Franklin Paulino, 
and Nicholas A. Sgaglione

 Case Presentation

An 18-year-old female who is a collegiate 
lacrosse player presented 3 days after injuring 
her right knee during a game in which she piv-
oted and felt a “pop” in her right knee. Physical 
examination revealed an antalgic gait and a 
right knee effusion with 10–75 degrees of 
range of motion (ROM). On presentation, 30 
cubic centimeters (cc) of serosanguineous fluid 
was aspirated from the knee. Weight-bearing 
plain radiographs were noncontributory. The 
patient was referred for magnetic resonance 
imaging (MRI) and physical therapy to regain 
motion and begin strengthening and modalities 
to decrease pain and swelling. MRI revealed a 
complete mid- substance ACL tear and a tear of 

the posterior horn of the lateral meniscus 
(Fig. 19.1). There was no sprain/injury of the 
medial collateral ligament (MCL). Surgery 
was provisionally scheduled 19 days after her 
injury.

The patient underwent a right knee 
arthroscopic-assisted ACL reconstruction with a 
bone-patellar tendon-bone autograft and menis-
cus repair 19 days after her injury. She tolerated 
the procedure well without complications and 
was prescribed hydrocodone/acetaminophen 
post-operatively. She was made partial weight- 
bearing in a hinged brace orthosis. Post-operative 
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radiographs were performed (Fig.  19.2). Upon 
evaluation of the radiographs, it was suggested 
that the femoral tunnel was placed slightly ante-
rior to the normal anatomic site using the radio-
graphic quadrant method [1]. She presented to 
the emergency department on post-operative day 
(POD) 3 with complaints that her pain was not 
under control. She was discharged home after 
workup revealed no evidence of infection or 
thromboembolic disorders.

The patient was seen on POD 12 without con-
cerns, and an evaluation revealed an otherwise 
routine post-operative course. On POD 37, she 
complained that her knee was increasing in stiff-
ness, and on exam her ROM was 15–75 degrees 
(Fig. 19.3). At this time, the patient was fitted for 
a dynamic-hinged brace that allowed dynamic 
progressive stretching, started on nonsteroidal 
anti-inflammatory drugs, and instructed to con-
tinue aggressive physical therapy. Possible 
arthroscopic adhesiolysis in the future was dis-

cussed. At 9 weeks post-operatively, the patient’s 
ROM improved to 5–115 degrees after aggres-
sive physical therapy. At 15  weeks post- 
operatively, the ROM of her right knee was 
10–130 degrees compared to 0–155 degrees on 

Fig. 19.2 Post-operative radiographs of presented case. 
The asterisk denotes the femoral tunnel position on the 
lateral view and illustration of radiographic quadrant 
method for identification of the anatomic site for femoral 

insertion of the graft during ACL reconstruction. It is 
noted that the femoral tunnel placement may be slightly 
anterior; however, the authors acknowledge that this is not 
a true lateral radiograph

Fig. 19.3 Demonstrating lack of extension on POD 37 of 
presented case
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the contralateral leg. She was instructed to con-
tinue aggressive physical therapy and to wear a 
static extension brace. At 17  weeks post- 
operatively, the patient’s ROM was 10–135 
degrees, and she continued aggressive physical 
therapy. At 21 weeks post-operatively, her ROM 
improved to 5–140 degrees and was able to 
achieve near full extension with physical therapy. 
The patient continued to participate in physical 
therapy.

The potential problems that may raise concern 
as to the patient’s development of post-operative 
stiffness following ACL reconstruction include 
the following:

 1. Pre-operative loss of extension
 2. A short interval from time of injury to time of 

surgery (19 days)
 3. Increased perioperative pain
 4. A concomitant meniscus repair
 5. A non-anatomical anterior femoral tunnel 

(Fig. 19.2)

This chapter addresses these potential prob-
lems associated with the presented case and 
appropriate treatment strategies.

 Introduction

ACL injuries remain one of the most frequently 
injured ligaments that require surgery. With about 
120,000–150,000 primary reconstructions being 
performed annually in the United States, the inci-
dence of revisions will likely continue to increase 
[2, 3]. One of the primary goals of ACL recon-
struction is to recreate native biomechanics of the 
knee while also restoring symmetric ROM [4]. 
Arthrofibrosis following primary ACL recon-
struction is a well-defined complication with an 
incidence of 4–38% [5–8]. Patient-reported stiff-
ness can be more common following revision 
ACL reconstruction when compared to primary 
ACL reconstruction [9]. Significant etiologic 
variability exists regarding the precise causes, 
ideal rehabilitation protocol, and optimal treat-
ment. If not recognized, post-operative arthrofi-
brosis causing loss of motion can be more 

debilitating than an ACL-deficient knee [8]. 
Decreased knee ROM may lead to quadriceps 
atrophy, increased patellofemoral forces with 
loss of patellar mobility, patellar tendon shorten-
ing, and eventual articular cartilage damage [10–
13]. Therefore, it is important to properly identify 
these patients early in the post-operative period 
to manage loss of motion appropriately.

 Definition and Classification

Loss of motion remains one of the challenging 
complications faced by orthopedic surgeons fol-
lowing ACL reconstruction. While there is lack 
of clear evidence on the definition of arthrofibro-
sis, there is a consensus that arthrofibrosis requir-
ing surgery is based upon a clinical limitation in 
knee ROM compared to the contralateral side 
that is symptomatic and refractory to non- 
operative treatment [8]. Arthrofibrosis has been 
previously defined as “abnormal proliferation of 
fibrous tissue in a joint with an unclear etiopatho-
genesis that leads to loss of motion, pain, muscle 
weakness, swelling, and functional limitation” 
[14]. Clinically it is identified as a loss of motion 
in comparison to the contralateral extremity [15]. 
Shelbourne et  al. classified this loss of motion 
into four separate types. Type 1 is a <10 degree 
extension loss and normal flexion. Type 2 is a 
>10 degree extension loss and normal flexion. 
Type 3 is a >10 degree extension loss and >25 
degree flexion loss with a tight patella. Type 4 is 
a >10 degree extension loss, 30 degrees or more 
flexion loss, and patella infera with marked patel-
lar tightness [15]. A simpler classification of 
arthrofibrosis was proposed by Mayr et al., who 
defined it as abnormal scar tissue within at least 
one compartment that caused restricted ROM 
[16]. Asymmetric motion of the operative leg 
compared to the contralateral knee should be 
noted clinically and addressed appropriately.

Patients typically do not handle loss of exten-
sion as well as a flexion deficit [17]. A loss of 5° of 
extension can lead to abnormal forces in the knee 
joint. This can cause increased joint loading, quad-
riceps weakness, and patellofemoral pain [18]. A 
recent definition for loss of extension following 
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ACL reconstruction is a difference of greater than 
5° loss of extension compared to the contralateral 
knee [10]. In addition, this seemingly minimal 
lack of motion can have long-term effects on 
patient outcomes. A study by Shelbourne et  al. 
with 10-year follow-up found a loss of as low as 3° 
of knee extension leads to adverse results on both 
subjective and objective measurements [19]. These 
adverse outcomes were significantly greater in 
association with concurrent meniscal and/or artic-
ular cartilage procedures.

When evaluating a patient to determine their 
ROM after undergoing ACL reconstruction, 
another important consideration is whether the 
presentation is acute or chronic. Patients should 
be monitored closely in the acute post-operative 
period to ensure adequate rehabilitation and that 
motion is regained. Many rehabilitation programs 
consist of a combination of ROM and quad 
strengthening to prevent both weakness and 
ROM loss [10, 17, 20]. Despite the quantity of 
research regarding ACL reconstruction, there 
remains no definitive time period defining ROM 
loss post-operatively. Noll et  al. of motion fol-
lowing ACL reconstruction at initial post-op visit 
up to 12 compared knee extension range weeks. 
They found a statistically significant correlation 
with loss of extension at 4 weeks post-op com-
pared to 12 weeks [17]. Another study found that 
48% of patients with a loss of extension at 
4  weeks post-operatively eventually underwent 
an arthroscopic lysis of adhesions [10]. It is 
important for clinicians to identify an asymmet-
ric ROM early in the rehabilitation phase (within 
4 weeks) to ensure adequate motion is restored to 
prevent poor patient outcomes.

 Risk Factors and Etiology

Risk factors for loss of ROM include pre- 
operative stiffness. One of the major focuses 
prior to undergoing ACL reconstruction is “pre- 
hab.” Physical therapy is prescribed after injury 
but before surgery with a goal to regain similar 
side-to-side ROM prior to surgery. Patients who 
did not have full extension at the time of surgery 
were at a statistically significant higher risk for 
loss of extension after ACL reconstruction [10]. 

Having symmetric side-to-side ROM pre- 
operatively is an important checkpoint for any 
patient undergoing ACL reconstruction.

 Timing of ACL Reconstruction

Historically timing between initial injury and 
surgery has always been a debate. Previous stud-
ies have found a significant relationship in post- 
operative complications, including stiffness, in 
patients who undergo ACL reconstruction more 
acutely [10, 16, 21]. These studies found an 
increased risk for arthrofibrosis in patients who 
had surgery less than 3 weeks from time of injury. 
There is recent literature, however, showing that 
timing may not be a factor in the development of 
arthrofibrosis. Deabate et al. performed a meta- 
analysis of multiple randomized control trials, 
which showed ACL reconstruction within 
3 weeks of injury had no influence on stiffness 
and other complications [22]. Another systematic 
review found similar results, with no difference 
in clinical outcomes in patients undergoing ACL 
reconstruction within 3  weeks of injury com-
pared to delayed surgery [23]. Undergoing ACL 
reconstruction acutely may not have as much of 
an impact on stiffness post-operatively as previ-
ously believed.

 Associated MCL Injury

Patients with an ACL injury requiring reconstruc-
tion that also have a MCL injury may be at higher 
risk of post-operative stiffness requiring surgery, 
regardless of whether the MCL injury is treated 
non-operatively or operatively [24]. In a prospec-
tive study, Noyes et  al. showed that 22% of 
patients with MCL repair during ACL recon-
struction lost ROM after surgery which was sig-
nificant when compared with ACL reconstruction 
alone [25]. Patients should be counseled about 
post-operative stiffness and potential increased 
reoperation risks if there is an associated MCL 
injury in patients also undergoing ACL recon-
struction. In addition, delaying ACL reconstruc-
tion until MCL healing occurs is an important 
consideration.
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 Graft Choice

Surgical reconstruction graft choice and harvest 
morbidity have a potential impact on post- 
operative ROM.  While bone-patellar-tendon 
bone (BTBP) and hamstring tendon autografts 
remain the most popular autograft choices, others 
such as quadriceps tendon autografts and 
allografts such as Achilles tendons and tibialis 
anterior tendons are commonly used [26]. A pro-
spective analysis comparing BTBP and ham-
string autograft found no significant difference in 
outcomes related to stiffness [27]. They did, how-
ever, find a higher incidence of “cyclops” lesions 
in the hamstring group, although this had no sta-
tistically significant impact on ROM. In several 
studies, no significant differences have been 
found in post-operative ROM comparing bone- 
patellar- tendon bone and hamstring autograft 
[28, 29]. Huleatt et al. found a higher incidence 
rate of manipulation under anesthesia and/or 
lysis of adhesions in patients with a quadriceps 
tendon autograft compared to other graft types 
[30]. In the pediatric population, studies have 
bone bone-patellar-tendon bone tendons to have 
a higher incidence of stiffness compared to ham-
string autograft [31]. Additionally, graft size may 
have an impact on arthrofibrosis following ACL 
reconstruction. Su et al. found a 3.2 times increase 
in odds of arthrofibrosis with an increase in graft 
diameter by 1 millimeter (mm) in their cohort of 
1121 patients [32]. Graft choice and size can play 
a significant role in ROM-related outcomes fol-
lowing ACL reconstruction.

 Concomitant Procedures

It is common for additional procedures to be per-
formed concomitantly with ACL reconstruction. 
Often an ACL tear is associated with meniscal 
injury, articular cartilage damage, or other intra-/
extra-articular ligament pathology. Huleatt et al. 
found an increased rate of arthrofibrosis in 
patients who underwent concomitant procedures 
at the time of ACL reconstruction [30]. They 
found an increase in incidence of manipulation 
under anesthesia (MUA) and lysis of adhesions 
(LOA) from 3.7% in isolated ACL reconstruction 

to 5.2% with additional procedures. A similar 
study found an increase of 1.8–8.0% compared to 
0.3–0.5% in MUA/LOA in patients with multiple 
procedures done simultaneously compared to 
isolated ACL reconstruction, respectively [33]. 
Noyes et al. showed that in patients who under-
went MCL repair during ACL reconstruction, 
there is an increased risk of arthrofibrosis [25]. 
Associated pathology that is addressed with ACL 
reconstruction clearly plays a role in motion 
restriction post-operatively.

 Tunnel Position

Position of both femoral and tibial tunnels in ACL 
reconstruction is a critical part in the success of 
the operation. Restoring normal knee kinematics 
and biomechanics through an anatomic ACL foot-
print is a goal of every ACL reconstruction. 
Therefore, positioning the tunnels as close to their 
anatomic location as possible should be the objec-
tive for all surgeons. Intercondylar roof impinge-
ment is a leading cause of extension loss related to 
graft position post-ACL reconstruction [34, 35]. 
A tibial tunnel too anterior can lead to impinge-
ment on the intercondylar notch and loss of exten-
sion [35]. In addition, Maak et  al. reviewed 
femoral tunnel position and its relationship to 
impingement [36]. They found that creating a 
femoral tunnel as close to the center of the ACL 
footprint had lower rates of impingement as 
opposed to higher and/or more anteromedial 
placement. A femoral tunnel placed too anterior 
may result in graft/notch impingement and result 
in loss of flexion and extension.

Impingement against the native PCL can also be 
a cause of post-operative stiffness. This can lead to 
a mechanical block in flexion. If the tibia tunnel is 
placed too posteriorly, the graft is more likely to 
impinge on the PCL during flexion [37].While this 
may lead to a mechanical block, it can also cause 
pain with flexion and secondarily lead to loss of 
motion in the rehabilitation period. This apparent 
proprioceptive pain can be caused by a vertical 
“high noon” femoral tunnel placement and lead to 
a reflex loss of extension [38]. Tunnel position dur-
ing the index procedure remains a key factor in pre-
venting stiffness after ACL reconstruction.
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 Other Risk Factors

Other clinical factors have been shown to lead to 
arthrofibrosis in the post-operative ACL recon-
struction period. Post-operative infection remains 
a relatively less common but potentially devastat-
ing complication following ACL reconstruction. 
The incidence of infection after ACL surgery is 
reported to be less than 1% [39]. Infection and/or 
hematoma was found to be an independent risk of 
stiffness following ACL reconstruction [30]. As 
seen with risk for initial ACL tear, females are 
also seemingly at increased risk for developing 
arthrofibrosis following reconstruction [30]. 
Additionally, it has been suggested that patients 
below the age of 18 also are associated with 
higher rates of stiffness in the post-operative 
period [30]. Tourniquet use may also have an 
influence on post-operative ROM. A recent study 
found increased tourniquet time to have an 
increased risk of return to the operating room for 
motion loss following ACL reconstruction [11].

 Non-operative Management

Aggressive non-operative management of stiff-
ness following ACL reconstruction is critical, and 
therefore early diagnosis is essential in the post- 
operative period. There should be an immediate 
focus on adequate pain control that starts at sur-
gery with a planned pre-emptive multi-modal 
protocol. A supervised physical therapy program 
beginning on post-operative day 1 is important to 
ensure adequate early motion and stretching. 
Static or dynamic splinting methods may be 
helpful as an adjunct, and there may be a role in 
oral corticosteroids and/or biologics in the post- 
operative period to prevent stiffness.

 Pain Control

Non-operative treatment during the post- 
operative period after ACL reconstruction must 
be aimed at addressing the etiology for the indi-
vidual patient. The fear of movement, or kinesio-
phobia, and pain catastrophizing are associated 

with decreased return to sport [40]. For stiff kine-
siophobic patients, providers must ensure pain is 
properly controlled to facilitate adequate partici-
pation in physiotherapy in order to prevent stiff-
ness. Pain therapy must be directed at achieving 
maximum therapeutic benefit while minimizing 
systemic side effects. In the author’s experience, 
a single shot of intra-articular bupivacaine has 
been effective in treating immediate post- 
operative pain. Regional nerve blocks, specifi-
cally adductor canal blocks and femoral nerve 
blocks, are also frequently used in the manage-
ment of pain in the immediate post-operative 
period. Abdallah et  al. showed that adductor 
canal blocks and femoral nerve blocks are equally 
effective in treating pain; however, adductor 
canal blocks result in greater quadriceps strength 
which is essential for active participation in phys-
ical therapy [41]. It is also in the author’s experi-
ence that use of IV acetaminophen and 
intra-articular injection of ketorolac are effective 
at treating pain associated with stiffness.

 Physical Therapy

The primary goal of early physical therapy is to 
prevent joint stiffness and potential arthrofibro-
sis. Most surgeons initiate formal supervised 
therapy 1–10  days after ACL reconstruction. 
Patients are instructed to use crutches for ambu-
lation with weight-bearing as tolerated. Many 
surgeons prefer the use of a post-operative knee 
brace. Ice is essential to manage swelling and 
pain. Ideally patients will obtain full active and 
passive ROM by 2  weeks post-operatively. 
Patient education is essential as home exercises 
are a key component of successful therapy. 
Special consideration should be paid to dosage of 
exercises with respect to frequency, duration, and 
intensity. Lack of progress signifies that a patient 
might require an increase in dose of physical 
therapy. In contrast worsening pain, loss of ROM, 
and swelling could demonstrate a need to 
decrease dosing of physical therapy. Bracing and 
in certain cases casting may serve as augments to 
physical therapy in patients with stiffness refrac-
tory to conventional physical therapy.
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 Casting and Dynamic Splinting

Serial casting and drop-out casting have been uti-
lized as a non-operative treatment for arthrofibro-
sis following ACL reconstruction, although 
limited results have been reported only by case 
series [8, 15, 42–45]. This method of static splint-
ing is explained by the theory of low-load long- 
duration stretching to improve knee extension in 
patients that do not respond to standard physical 
therapy interventions. Biologically, there is an 
increase in remodeling of periarticular connec-
tive tissue in response to stretch and stress relax-
ation through elongation [46]. Potential benefits 
of drop-out casting compared to serial casting are 
that it is less cumbersome and it provides the 
option of removing the cast to perform other 
functional activities [42]. In a systematic review 
of 13 patients treated by drop-out casting, there 
was a 6.2-degree improvement in extension 
which as a treatment option provided the greatest 
improvement of extension loss [8]. Casting has 
also been proposed to be significantly more cost- 
effective than dynamic splinting as a means of 
stretching to improve terminal extension [42].

Although dynamic splinting devices have 
been most frequently been described in the 
arthroplasty literature with varied success, there 
may be a role in patients with arthrofibrosis fol-
lowing ACL reconstruction [47]. Dynamic splint-
ing capitalizes upon the “creep” mechanical 
property of tissue. By applying a constant force, 
typically through a spring-loaded coil, these 
splints gradually stretch tissue [48]. In the pediat-
ric population, Pace et al. demonstrated in their 
retrospective study that there was an 84% 
improvement in knee ROM with dynamic splint-
ing in patients with arthrofibrosis following ACL 
reconstruction or meniscal repair [49]. 
Additionally, 58% of these patients avoided the 
need for surgery.

 Anti-Inflammatory Agents

Post-operative inflammation contributes to stiff-
ness and the struggle to regain full ROM post- 
operative. Short-term low-dose oral 

corticosteroids are a viable option for non- 
surgical management of loss of ROM after ACL 
reconstruction. Rue et  al. conducted a study to 
evaluate the effectiveness of treatment with a 
short course of tapered methylprednisolone in the 
early post-operative period for loss of flexion 
[50]. Their study included 252 patients who 
underwent primary ACL reconstruction of which 
28 (11%) had early post-operative loss of 
ROM. Mean flexion deficit in these patients was 
of 31 degrees compared to contralateral side. The 
oral corticosteroid was initiated at an average of 
6 weeks. Patients demonstrated a mean improve-
ment of 29.2 degrees. Treatment with oral corti-
costeroids utilizing a short course of tapered 
methylprednisolone was correlated with a return 
to normal ROM in 78% of patients with early 
post-operative loss of flexion after ACL recon-
struction. There were no associated complica-
tions or associated decrease in knee stability as 
measured using objective stability 
measurements.

Intra-articular injection of anakinra, an inter-
leukin- 1 (IL-1) receptor antagonist, presents 
another viable option to reduce post-operative 
inflammation. Interleukin-1 is a key mediator of 
the inflammatory response and the maintenance 
of chronic inflammation. In a retrospective trial 
by Brown et  al., they hypothesized that intra- 
articular anakinra would lead to sustained attenu-
ation of chronic refractory arthrofibrosis and 
limited arthrofibrosis of the knee [51]. They 
reviewed eight patients who were injected with 
200 mg of intra-articular anakinra. Six of these 
patients returned to prior activity levels and 
reported improvement in pain levels. Additionally, 
four of these patients reported an improvement in 
ROM between 20 and 45 degrees.

 Operative Management

Aggressive management for the stiff knee follow-
ing ACL reconstruction with arthroscopy, adhe-
siolysis +/− scar excision and/or notchplasty, and 
MUA has consistently been a gold standard in the 
operative management. Shelbourne et al. defined 
a classification system based on loss of motion 

19 Management of the Stiff ACL Reconstruction



296

compared to the contralateral knee, which has 
since guided surgeons in the evaluation and treat-
ment of arthrofibrosis [15]. Mayr et  al. defined 
arthrofibrosis following ACL reconstruction as 
scar tissue within the knee that limited ROM [16]. 
There is a general consensus that arthrofibrosis 
requiring surgery is based upon a clinical limita-
tion in knee ROM compared to the contralateral 
side that is symptomatic, persistent, and refrac-
tory to aggressive non-operative treatment [8].

 Surgical Indications

Surgical indications include a loss of extension or 
asymmetric terminal flexion in a patient that has 
failed to improve with non-operative treatments. 
The etiology as to why stiffness has occurred 
must first be identified. Reasons may include pri-
mary arthrofibrosis, pain syndromes (such as 
complex regional pain syndrome), post-operative 
infection (especially within the first month), 
other associated ligamentous injuries, suboptimal 
post-operative rehabilitation (which may include 
inadequate patient compliance), tunnel malposi-
tion, and/or prior surgery.

Classically, timing for operative management 
of arthrofibrosis is within 3  months post- 
operatively and with a failure to progress during 
rehabilitation. This timing is based upon the clin-
ical observation that the knee should be beyond 
the inflammatory state and that there must be a 
strengthening of the quadriceps muscles before 
proceeding with surgery [45].

Tunnel malposition rather than arthrofibrosis 
may be a cause of stiffness following ACL recon-
struction. If the tunnel is anterior on the femur, 
the graft may impinge in extension and/or be 
stretched in flexion. If the tunnel is posterior on 
the femur, there will be laxity in flexion. If the 
tunnel is anterior on the tibia, there may also be 
graft impingement in extension. Lastly, as com-
monly seen in vertical tunnels, if the tunnel is 
placed posteriorly on the tibia, it will be stretched 
in extension, there will be laxity in flexion, and 
the graft may impinge on the posterior cruciate 
ligament (PCL). Careful analysis of the patient’s 
anatomy and tunnel placement is therefore very 

important, and using computed tomography if 
needed to identify this may be necessary.

 Surgical Management

Arthroscopic adhesiolysis is the most common 
technique used today; however, open or com-
bined open and arthroscopic procedures may be 
necessary. Paulos et al. described an open tech-
nique for infrapatellar contracture syndrome 
which involves intra-articular and extra-articular 
release of lateral retinacular, hypertrophied fat 
pad, and the lateral and medial patellomeniscal 
ligaments [45]. Combined arthroscopic and open 
techniques have been described in which adhe-
sions are lysed arthroscopically in the suprapatel-
lar pouch, medial and lateral gutters, and 
intercondylar notch. If necessary, open releases 
of anterior extra-articular scar tissue and postero-
lateral and posteromedial capsule releases may 
be performed [52]. In addition to the need of 
open releases in cases of severe arthrofibrosis, 
there are instances that tibial tubercle osteotomy 
and fixation proximally may be necessary with 
patella baja [45].

Today, most surgeons describe arthroscopic 
adhesiolysis combined with MUA as the most 
common surgical treatment for arthrofibrosis fol-
lowing ACL reconstruction (Fig. 19.4). Author’s 
(NAS) preferred surgical treatment: A standard 
knee arthroscopy setup with a lateral post and 
tourniquet is used. A regional nerve block either 
femoral nerve or adductor canal block is per-
formed, and a careful exam under anesthesia is 
utilized to better measure the patient’s knee ROM 
which may have been limited by pain in the 
office. A well-padded thigh tourniquet is com-
monly utilized and then deflated following 
 completion of all releases to ensure adequate 
hemostasis and to avoid postoperative hemato-
mas. Diagnostic arthroscopy using a powered 
fluid irrigation pump is then performed followed 
by MUA as needed with the purpose of limiting 
chondrolysis. Then, intra-articular adhesions are 
lysed using a proprietary controlled radiofre-
quency temperature – monitored ablation in the 
suprapatellar pouch, medial and lateral gutters, 
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and intercondylar notch (Fig.  19.4). Accessory 
portals may also be utilized. Following precise 
intra-articular arthroscopic adhesiolysis, 
arthroscopic retinacular releases are performed 
under direct visualization, particularly if peri-
patellar fibrosis is pronounced. A MUA may then 
be gently performed which is often successful at 
gaining adequate extension and flexion. If there is 
lack of terminal extension, scar excisions, poste-
rior capsular releases, and/or bony notchplasty 
may be also required. Open techniques may be 
utilized at this point if arthroscopic releases are 
found to be inadequate, but that is less commonly 
needed.

Shelbourne et al. described arthroscopic meth-
ods based on their classification system which 
may be helpful in guiding surgeons [15]. With the 

goal of achieving full extension, the hypertro-
phied “cyclops” lesion can be removed from the 
base of the ACL, anterior intra-synovial and 
extra-synovial scar tissue can be resected, and the 
graft may be “debrided.” Also, a notchplasty and/
or fibrotic capsule excision up to the vastus 
 medialis and lateralis insertion to free the patella 
and patellar tendon completely may be required. 
MUA is again used after scar resection to achieve 
as much flexion as possible.

Lastly, during arthroscopic evaluation, revi-
sion ACL reconstruction may be considered at 
the index adhesiolysis or as a staged procedure if 
the graft is malpositioned. However, pre- 
operative workup, computerized tomography 
scan evaluation, and confirmation of non- 
anatomic graft positioning in addition to patient 

Fig. 19.4 Arthroscopic adhesiolysis for arthrofibrosis following ACL reconstruction
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counseling are essential. Anterior fibers may also 
be resected with an anterolateral notchplasty at 
the time of arthroscopic adhesiolysis. It is the 
author’s preference to perform a revision ACL 
reconstruction in a staged fashion if the graft is 
noted to be non-anatomic as a cause of stiffness 
and all else fails. This allows the patient to pur-
sue post-operative rehabilitation after 
arthroscopic adhesiolysis with appropriate 
patient counseling. It is important to set realistic 
patient expectations.

 Post-Operative Rehabilitation

Post-operatively, bracing and an immediate reha-
bilitation program are required to ensure success. 
This includes an emphasis on achieving adequate 
extension before aggressive measures are taken 
to improve flexion. This requires patient compli-
ance and diligence with aggressive post-operative 
protocols. It is the author’s preference to more 
recently not routinely use continuous passive 
motion (CPM) machines and to selectively use 
dynamic splinting only in cases where full exten-
sion is not achieved after arthroscopic adhesioly-
sis and MUA. To limit pain and swelling in the 
immediate post-operative period, regional anes-
thesia and intra-articular ketorolac, as well as 
cryotherapy compression cuffs, are routinely uti-
lized. An opioid-limited, multimodal pain control 
regimen is prescribed including acetaminophen 
and nonsteroidal anti-inflammatory drugs 
(NSAIDs). More recently, we have had success 
with current pain management methodologies 
and the above protocol and have not found it nec-
essary to routinely admit the patient overnight for 
epidural analgesia and continuous passive 
motion, given the desire to discharge the patient 
home on the same day as surgery and with ade-
quate pain control.

 Outcomes

Surgery generally can lead to a significant 
improvement in ROM post-operatively accord-
ing to a recent systematic review [8]. The surgi-

cal outcomes of arthroscopic adhesiolysis 
reported by Shelbourne et al. were adequate, and 
patients showed improvements in ROM, mean 
stiffness, self-evaluation, functional activity, and 
Noyes knee scores [15]. Dodds et  al. were the 
first who reported significant improvements both 
flexion and extension in 86% of patients treated 
with MUA who had persistent flexion or exten-
sion deficits after intra-articular ACL reconstruc-
tions [53].

Recent reports indicate that arthroscopic sur-
gery for stiffness following ACL reconstruction 
does not affect patient function at 2-year follow-
 up. Worsham et al. reviewed 29 patients requiring 
surgery for loss of motion and compared them to 
matched controls [11]. They found no difference 
in time to release to play, level of participation, 
and subjective function scores. This was despite 
higher International Knee Disability Committee 
(IKDC) scores and single-legged hop testing in 
the control group, although not significant. This 
may be important as other authors found that 
patients following ACL reconstruction who had 
post-operative stiffness had significantly lower 
IKDC scores than those with normal ROM [54].

Regarding appropriate timing of operative 
intervention for arthrofibrosis, a recent study by 
Mayr et  al. found that patients who underwent 
arthrolysis greater than 1 year after ACL recon-
struction had more severe osteoarthritis and a 
lower IKDC score compared to those who under-
went arthrolysis within 1 year [12]. This further 
emphasizes the importance of early diagnosis 
and aggressive management.

 Conclusion

The keys to preemptive management for stiffness 
following ACL reconstruction include early diag-
nosis of loss of motion post-operatively with a 
defined etiology, aggressive non-operative treat-
ments and surgical intervention with arthroscopic 
adhesiolysis, and MUA for failure of improve-
ment after 3 months. Prevention of arthrofibrosis 
is critical, and we must educate patients, prescribe 
early motion, and work closely with physical ther-
apists to improve perioperative rehabilitation. As 
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surgeons, we also must improve surgical tech-
niques which include reducing harvest morbidity 
and optimizing anatomic tunnel placement.
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Surgical Management of the Failed 
Pediatric ACL Reconstruction

Cordelia W. Carter and Philip L. Wilson

 Introduction

The “epidemic” of anterior cruciate ligament 
(ACL) injuries in young athletes has prompted a 
wealth of research dedicated to ACL injury pre-
vention, to the development and study of 
pediatric- friendly surgical techniques for liga-
ment reconstruction, and to rehabilitation and 
return to sport protocols that successfully get 
children and adolescents back to athletic partici-
pation. A significant part of the scientific discus-
sion of pediatric ACL injury centers around 
surgical techniques that spare the physis of a still- 
growing child. However, while growth distur-
bances related to ACL reconstruction (ACL-R) 
are a reported complication, perhaps the most 
common complication of ACL-R in the young 
athletic population is re-injury, with rates of ACL 
graft rupture reported to be as high as 19% for 
patients under 18 years [1]. When ACL re-injury 
occurs, the patient is typically still young and 
active with aspirations to return once again to 

high levels of physical activity and frequently to 
competitive sports. In the United States, revision 
ACL-R remains the standard of care for returning 
young athletes who sustain ACL graft ruptures to 
play. Just as with adult ACL graft tears, it is 
important to understand the key factors underly-
ing failure of the primary reconstruction and to 
address each systematically in the revision set-
ting. In addition, understanding a young athlete’s 
unique anatomy, physeal status, and cognitive/
behavioral stage of development is essential for 
optimizing chances of return to sport and remain-
ing injury-free following revision ACL-R.

 Assessment of the Pediatric Patient 
with a Failed ACL-R

 Factors Contributing to ACL 
Graft Tear

There are myriad reasons why primary ACL-R 
fails in children and adolescents, and a thorough 
assessment of the factors contributing to an indi-
vidual young athlete’s risk of ACL injury and re- 
injury is critical for planning revision 
reconstruction. Underlying reasons for graft fail-
ure may be patient-specific (e.g., diffuse liga-
mentous laxity or an elevated posterior tibial 
slope [2, 3]); surgery-specific (e.g., allograft used 
for reconstruction [4]); or situation-specific (e.g., 
the athlete returned to a cutting/pivoting sport or 
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did not comply with rehab guidelines [5]). 
Additionally, recent studies have demonstrated 
an increased risk of ACL graft tear for patients 
who have higher levels of self-reported kinesio-
phobia at the time of return to sport following 
primary reconstruction [6, 7]. A factor that may 
play a particular role in re-injury for young ath-
letes is their developmental level: adolescence is 
characterized by impulsive, risk-taking behavior 
and an inability to consider consequences of 
actions taken. Table 20.1 provides a list of poten-
tial factors contributing to ACL re-injury in this 
population.

 Common Primary Pediatric ACL-R 
Techniques

Unlike revision ACL-R in adult patients, pediat-
ric athletes who sustain ACL graft tears will fre-
quently have undergone a primary surgical 
reconstruction using a physeal-sparing and/or 
physeal-respecting technique, and a working 
knowledge of each is useful. There are two prin-
cipal methods of physeal-sparing ACL-R.  The 

first is commonly called the “ITB,” the “Micheli,” 
or the “modified MacIntosh” technique and is 
unique in that no tunnels are created. In this tech-
nique, the central aspect of the child’s iliotibial 
band (ITB) is used for graft. During graft harvest, 
the desired width of ITB is detached proximally 
and left attached to Gerdy’s tubercle distally. 
Using a combination of open and arthroscopic 
incisions, the graft is looped over the posterior 
femur in the “over-the-top” position and secured 
to the periosteum over the posterolateral distal 
femur with sutures. The free end is then brought 
into the knee where it recreates the bicruciate 
appearance of the native ACL. Lastly, the graft is 
shuttled under the intermeniscal ligament anteri-
orly and secured with sutures to the periosteum 
of the proximal medial tibial metaphysis [8]. A 
recent study reporting long-term outcomes of this 
technique performed in 237 patients with an 
average age of 11.2 years found a 6.6% rate of 
retear at an average follow-up of 6.2 years with-
out any significant growth disturbance noted [9].

The second physeal-sparing technique for 
ACL reconstruction in skeletally immature 
patients does require tunnel drilling, but unlike a 
standard ACL-R performed in older adolescents 
and adults, the tunnels created are all-epiphyseal 
and thus theoretically spare the growth plate [10]. 
This nontraditional tunnel placement may pose a 
particular challenge in the revision setting, which 
is further discussed below. The largest reported 
series to date of all-epiphyseal ACL-R retrospec-
tively evaluated 103 patients who had undergone 
this procedure at an average age of 12.1  years. 
The rate of re-tear for this technique was found to 
be 10.7% at a mean of 21 months following sur-
gery, with <1% noted to have significant growth 
disturbance [11].

Physeal-sparing ACL-R techniques are typi-
cally reserved for patients who have a significant 
amount of growth remaining, as predicted from 
bone age films, Tanner staging, and (in females) 
menarchal status. For young adolescents who 
have some growth remaining but are not com-
pletely skeletally immature, a hybrid technique 
(e.g., avoiding the femoral physis and drilling 
through the tibial physis) or trans-physeal recon-
struction may be performed in which “physeal- 

Table 20.1 Factors contributing to failure of a primary 
ACL-R in children and adolescents

Patient-specific
Anatomic Diffuse ligamentous laxity

Valgus knee deformity
Elevated posterior tibial slope
Notch stenosis

Other Young age
Female sex
Psychological factors
   Kinesiophobia
   Impaired psychological readiness
Developmental level
   Childhood (does not remember to comply 

with restrictions)
   Adolescence (does not choose to comply 

with restrictions)
Surgery-specific

Allograft use
Tunnel placement
   Non-anatomic tunnels
   Over-verticalized tunnels

Situation-specific
Return to cutting/pivoting sport
Earlier return to sport
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respecting” strategies are employed. The goal of 
the latter is to perform an ACL-R that uses osse-
ous tunnels drilled across the physis to simulate 
an adult-type reconstruction but seeks to mini-
mize the risk of iatrogenic physeal injury. 
Physeal-respecting considerations include use of 
soft tissue graft, cautious dissection near the peri-
chondrial ring of LaCroix, avoidance of overten-
sioning of the graft, and use of metaphyseal 
methods of graft fixation. Verticalizing the 
 tunnels has been shown to decrease volumetric 
injury to the growth plate and is therefore another 
method by which the risk of iatrogenic growth 
disturbance may be mitigated [12]; however, tun-
nels are drilled more vertically than those for a 
standard adult-type ACL risk loss of rotational 
control and may require revision in the setting of 
graft tear.

 Suggested Checklist for Preoperative 
Planning

As outlined above, understanding the patient- 
specific, surgery-specific, and situation-specific 
factors contributing to a pediatric patient’s failed 
primary ACL-R is essential for planning surgical 
revision. Additionally, a thorough preoperative 
evaluation should include an assessment of (1) 
skeletal maturity; (2) bony alignment; (3) prior 
surgical technique used including graft and any 
tunnels created; and (4) concomitant injuries of 
the meniscus, cartilage, posterior cruciate and 
collateral ligaments, and posterolateral and pos-
teromedial corners of the knee. A suggested 
checklist for the preoperative assessment of the 
pediatric patient with a failed ACL-R is found in 
Table 20.2.

 Surgical Decision-Making 
and Illustrative Cases

As previously noted, the variable techniques used 
in ACL reconstruction for the skeletally imma-
ture may pose unique challenges when encoun-
tering the need for revision reconstruction. The 
tissue used for the graft at the time of primary 

reconstruction, the presence and position of prior 
bone tunnels, and the current status of the physis 
are important considerations. At all ages, just as 
in revision ACL reconstruction in the skeletally 

Table 20.2 Recommended checklist for preoperative 
assessment of the young athlete with a prior, failed 
ACL-R

Is the patient still skeletally immature?
Info needed: Chronologic age

Bone age
Menarchal status (for females)

Is bony alignment contributing to the risk of ACL 
injury?
Info needed: Standing coronal alignment film

   To assess valgus/varus deformity
Sagittal imaging (plain radiographs or 
magnetic resonance imaging (MRI))
   To assess tibial slope
Physeal imaging (plain radiographs, 
MRI, and/or computed tomography 
(CT))
   To assess for growth arrest
if yes:
Can guided growth techniques be 
employed?
   E.g., hemiepiphysiodesis, 

epiphysiodesis, and/or bar resection
Is osteotomy required to improve 
alignment?

Were tunnels previously created?
Info needed: Operative report

Diagnostic imaging (plain radiographs, 
MRI, and/or (CT)
if yes:
Are the tunnels anatomically placed?
Are the tunnels useable?
   Is osteolysis present?
   Are tunnel angles too acute?
   Are tunnels too vertical?

What graft was previously used and what grafts are 
still available?
Info needed: Operative report

Physical examination
Considerations:
Autograft preferred
Bone plugs should not be placed across 
open physes

Are untreated or inadequately treated concomitant 
injuries present?
Info needed: History

Physical examination
Diagnostic imaging (plain radiographs, 
MRI, and/or (CT)
if yes:
Additional injuries should be treated as 
part of single or staged revision

20 Surgical Management of the Failed Pediatric ACL Reconstruction
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mature, consideration and treatment of collateral 
ligament instability (most commonly occult 
medial collateral residual laxity) and subtotal 
meniscal loss (with possible meniscal allograft 
reconstruction) may be important additional 
interventions to improve outcomes and reduce 
the risk of revision graft failure. Alignment 

should be evaluated with standing hip to ankle 
radiographs (EOS if available for lower-dose 
radiation), and if significant growth remains, 
guided growth should be considered for grade 3 
coronal plane malalignment or possibly exces-
sive posterior tibial slope (Figs. 20.1 and 20.2). 
Consideration of the possibility of inadequate 

a1 a2

b

Fig. 20.1 (a) Anterior-posterior standing alignment 
(EOS) of failed primary left extra-osseous ACL graft with 
minor leg length inequality and significant genu valgum. 
Sagittal MRI demonstrating graft rupture. (b) Anterior-
posterior and lateral radiographs demonstrating medial 
plate and screw device for guided-growth hemi-epiphys-
iodesis in conjunction with trans-physeal revision ACL 

reconstruction. (c) Anterior-posterior standing alignment 
(EOS) demonstrating achievement of neutral coronal 
alignment with no additional leg length inequality. 
Fluoroscopic anterior-posterior images of guided growth 
implant removal to allow symmetric completion of growth 
remaining
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C1 C2

Fig. 20.1 (continued)

Fig. 20.2 Lateral radiographs demonstrating progressive 
correction of excessive posterior tibial slope with anterior 
tibial percutaneous trans-physeal screw guided growth. 
This technique may be considered in cases of excessive 
posterior slope with significant growth remaining. Close 

radiographic follow-up to ensure iatrogenic physeal arrest 
is identified early and treated if it should occur due to the 
multiple implants and possible tunnels present in the set-
ting of revision ACL reconstruction
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physeal growth and subsequent deformity in the 
setting of combined guided growth and trans- 
physeal tunnel placement must be considered. 
Weighing these risks, versus accepting the risk of 
malalignment, is required. In all cases, close 
monitoring of alignment at 6-month intervals 
with the possibility of intervention is required; 
and significant preoperative education with the 
family surrounding the possibility of deformity is 
paramount. Additionally, the higher activity lev-
els and significant prevalence of both ligamen-
tous laxity and increased posterior tibial slope in 
the skeletally immature merit consideration of an 
added lateral extra-articular tenodesis to support 
rotation in the setting of revision ACL recon-
struction [13–21]. A version of the modified 
MacIntosh iliotibial band ACL reconstruction 
may be utilized to achieve this lateral extra- 
articular tenodesis without the requirement for 
bony fixation on the lateral distal femur and may 
allow for continued growth in the skeletally 
immature [22] (Fig. 20.3). The cases that follow 
serve to illustrate a variety of situations that may 
be encountered in the setting of revision ACL-R 
in the pediatric patient.

 Case #1: Revision of a Primary Extra- 
osseous Iliotibial Band ACL 
Reconstruction

When revising a primary extra-osseous iliotibial 
band ACL reconstruction, the bony structures are 
largely native without prior bone tunnels which 
may decrease the technical complexity of the 
reconstruction. In this setting however, as an 
extra-osseous reconstruction is often performed 
in the most immature patients, the patient requir-
ing reconstruction may still be skeletally imma-
ture. If the patient is mature, a standard ACL 
reconstruction technique of the author’s choice 
would be appropriate and would be similar to a 
primary reconstruction.

If the patient is still immature, ipsilateral 
hamstrings or quadriceps soft tissue grafts would 
be considerations for either all epiphyseal or 
trans- physeal ACL reconstruction. As a lateral 

tenodesis may be a desired additional stabilizing 
procedure in a patient undergoing revision, in 
this setting the surgeon would need to be aware 
that the iliotibial band will be significantly 
altered in its anatomy and may not be an auto-
graft choice for this lateral extra-articular teno-
desis. Therefore, an allograft or other autograft 
may need to be considered should a supplemen-
tary lateral stabilizing procedure (e.g., lateral 
extra- articular ligamentous reconstruction) be 
planned. While use of allograft to reconstruct an 
ACL in an “over the top” manner, similar to a 
modified Macintosh procedure, has been 
described for adults undergoing revision ACL-R 
complicated by excessive tunnel osteolysis, this 
is not typically considered in the pediatric popu-
lation given the significantly higher rates of graft 
rupture reported when an intraarticular allograft 
is used [4].

• Authors’ preferred approach (Fig. 20.4):
 – 9 mm autograft quadriceps tendon soft tis-

sue trans-physeal ACL graft (hamstring 
autograft may be considered; however defi-
cient graft size may be encountered)

 – Concurrent meniscal repair if required
 – Concurrent guided growth of the distal 

femur or proximal tibia if zone 3 coronal 
plane malalignment is present

 – Concurrent lateral extra-articular 
tenodesis

Use of existing lateral incision and an 
appropriate band of residual iliotibial 
band for bony socket or suture anchor 
fixation at the appropriate lateral teno-
desis point on lateral femoral epiphysis
Preparation for use of hamstring auto-
graft or allograft tibial epiphyseal to 
lateral femoral epiphyseal lateral extra- 
articular ligament reconstruction if 
adequate iliotibial band is not present 
during surgical inspection

 – Standing alignment radiographs at 
6-month intervals to monitor for deformity 
and possible intervention with guided 
growth or completion epiphysiodesis if 
required
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Fig. 20.3 Technique for modified MacIntosh iliotibial 
band lateral extra-articular tenodesis to be utilized in con-
junction with ACL revision grafting. (a) Cobb elevator 
dissection overlying the iliotibial band. (b) Isolation of a 
section of the direct branch of the iliotibial band. (c) 
Large-caliber open tendon stripper harvest of the iliotibial 
band. (d) Whipstitch of the iliotibial band proximally after 
percutaneous release at approximately 13  cm from 
Gerdy’s tubercle. (e) Arthroscopic view of ACL trans- 
physeal tunnel. (f) External view of preparation for graft 
passage posterior to lateral femoral metaphyseal-condylar 
junction. (g) Intra-articular view of hemostat over the pos-
terior lateral fold directly behind the lateral femoral con-

dyle. (h) Arthroscopic view of suture passage for the 
iliotibial band graft. (i) Arthroscopic view of the iliotibial 
band graft in place traversing past the femoral ACL tun-
nel. (j) External view of the lateral extra-articular tenode-
sis portion of the iliotibial band. (k) Arthroscopic view of 
the iliotibial band entering the tibial tunnel with the 
sutures prepared for passage of the ACL graft anterior to 
this graft. (l) Arthroscopic view of ACL graft and iliotibial 
band graft within the notch and tibial tunnel. (m) Artist 
rendering combined lateral extra-articular tenodesis and 
ACL augmentation using the modified MacIntosh iliotib-
ial band technique

a b

c

e f

d
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Fig. 20.3 (continued)
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 Case #2: Revision of a Primary All- 
Epiphyseal ACL Reconstruction

When revising a primary all epiphyseal ACL 
reconstruction, the femoral tunnel will be present 
on the lateral wall of the femur and may or may 
not be in a position that may be incorporated in 
the revision graft setting. This tunnel in some 
cases may be significantly anterior and may 
occasionally be left in situ without any need to 
address the structure, and a revision tunnel can be 
placed posteriorly. In other cases, the aperture of 
the tunnel will be in an ideal position for the revi-
sion graft, and a new trajectory of the revision 
tunnel may be obtained from this aperture, and 
the more lateral portions of the prior epiphyseal 
tunnel may not interfere with stability or incorpo-
ration of the revision graft. In rare cases, the aper-

ture and tunnel of the primary all epiphyseal graft 
may need to be grafted with a cancellous dowel 
or bulk cancellous graft with techniques described 
elsewhere in this text.

The tibial tunnel may be either all epiphyseal 
or trans-physeal depending upon the technique 
used at the primary reconstruction. In the case of 
an all epiphyseal tunnel, grafting may be required, 
or the aperture may be utilized for a trans-physeal 
graft with no need to address the primary tunnel, 
similar to the femoral side. In the setting of a 
trans-physeal tibial tunnel, if the primary tunnel 
location was appropriately placed, this may be 
utilized in the revision setting.

As noted in the previous case, the patient 
requiring reconstruction in this setting may still 
be skeletally immature. Therefore, assessment of 
physeal status and a revision technique allowing 

Iliotibal band tenodesis wraps
around lateral epicondyle

Hamstring
graft

© 2019, Texas Scottish Rite Hospital for Children

Suspensory
button

Iliotibal band

Gerdy’s
tubercle

m

Fig. 20.3 (continued)
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Fig. 20.4 (a) Anterior-posterior and lateral radiographs 
of a knee demonstrating symmetric Park Harris growth 
arrest lines after failed extra-osseous iliotibial band ACL 
reconstruction. (b) Sagittal and coronal MRI demonstrat-
ing extra- osseous graft failure and red arrows demonstrat-
ing femoral path of prior ACL graft and shallow tibial 
trough without tunnel from prior reconstruction. (c) 
Arthroscopic views demonstrating iliotibial band graft 

failure, tibial surface with altered surface anatomy, but no 
tunnel. Femoral arthroscopic view of native lateral wall 
with prior graft in the over-the- top position. (d) 
Arthroscopic view of femoral trans-phi seal tunnel with 
cartilaginous phi seal ring visible, transphyseal quadri-
ceps soft tissue autograft in place, and radiographic ante-
rior-posterior and lateral views of tunnels and implants 
following reconstruction

a1

b1

b3

b2

a2
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c1

c3
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Fig. 20.4 (continued)
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for completion of growth may be required. 
Ipsilateral hamstrings or quadriceps soft tissue 
grafts would be first-line considerations for trans- 
physeal ACL reconstruction, and the surgeon 
performing the revision may be faced with utiliz-
ing the remainder of these two choices if one was 
used in the primary surgery.

• Authors’ preferred approach (Fig. 20.5):
 – 9 mm autograft quadriceps tendon soft tis-

sue trans-physeal ACL graft. The surgeon 
may be limited by the tissue utilized as the 
primary graft. Ipsilateral hamstring auto-
graft may also be considered; however 
deficient graft size may be encountered. An 

d1 d2

d3 d4

Fig. 20.4 (continued)

C. W. Carter and P. L. Wilson



313

Fig. 20.5 (a) Anterior-posterior and lateral radiographs 
of a knee following hybrid all epiphyseal femoral recon-
struction and trans-physeal tibial reconstruction. (b) 
Coronal MRI demonstrating the location of tibial and 
femoral tunnels, respectively. (c) Sagittal MRI demon-

strating tibial and femoral tunnels with locations appropri-
ate for new trans-physeal tunnel trajectories with 
shared-aperture entrance and exit locations into the knee 
using the current native apertures of the primary tunnels 
present. The tibial implant would not be removed

a

b1 b2
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additional option in this setting is the addi-
tion of contralateral hamstrings to aug-
ment ipsilateral hamstring size if required.

 – Concurrent meniscal repair if required.
 – Concurrent guided growth of the distal 

femur or proximal tibia if zone 3 coronal 
plane malalignment is present.

 – Concurrent lateral extra-articular 
tenodesis.

Use of modified MacIntosh iliotibial 
band lateral tenodesis with incorpora-
tion of the graft in the tibial tunnel

 – Standing alignment radiographs at 
6-month intervals to monitor for deformity 

and possible intervention with guided 
growth or completion epiphysiodesis if 
required.

 Case #3: Revision of a Primary  
Trans- physeal ACL Reconstruction

When revising a primary trans-physeal ACL 
reconstruction, the femoral tunnel will be present 
on the lateral wall of the femur, and this tunnel 
and aperture may or may not be in a position that 
may be used directly in the revision graft setting. 
This tunnel in some cases may be significantly 

c1

c3

c2

Fig. 20.5 (continued)
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anterior and may occasionally be left in situ with-
out any need to address the structure, and a revi-
sion tunnel can be placed posteriorly. In other 
cases, the aperture of the tunnel will be in an 
ideal position for the revision graft, and a new 
trajectory of the revision tunnel may be obtained 
from this aperture, and the more lateral portions 
of the prior epiphyseal tunnel may not interfere 
with stability or incorporation of the revision 
graft. The trans-physeal tibial tunnel may be 
addressed in a similar fashion.

In cases in which the patient has significant 
growth remaining and one or both trans-physeal 
tunnels cannot be either used or completely 
avoided, the surgeon is faced with a difficult 
choice. The patient may be braced until he/she/
they are mature enough to perform bony grafting 
of the tunnel without risking resultant deformity 
and thereby staged for a subsequent ACL recon-
struction. Alternatively, a bio-absorbable screw 
may be placed within the inappropriate primary 
trans-physeal tunnel, and a new revision tunnel 
may be created. This allows support for the revi-
sion tunnel and even the ability to drill through a 
portion of the screw during creation of a more 
desirable tunnel; however the additional defect 
and implant placement across the physis may risk 
growth alteration or arrest. This may be a prefer-
able strategy, with combined close observation of 
growth, if the patient has significant instability 
risking further intra-articular damage. In this set-
ting, extensive education with the family that 
completion epiphysiodesis could be required if 
growth alteration occurs should be conducted. In 
practice, this may be an uncommon situation as 
the amount of growth remaining at the time of 
revision is often negligible, and principles of 
adult revision reconstruction may be followed. In 
the extremely uncommon case of a skeletally 
immature child with significant growth remain-
ing who has previously undergone a trans- physeal 
ACL-R and requires revision surgery, an isolated 
physeal-sparing, extra-osseous reconstruction 
technique (e.g., ITB ACL-R) may be considered; 
it is more common, however, for the native ITB 
to be used as autograft for a lateral extra-articular 
tenodesis which supplements a revision trans- 
physeal ACL-R (see authors’ preferred approach).

Ipsilateral hamstrings or quadriceps soft tissue 
grafts would be considerations for trans-physeal 
ACL reconstruction, and the surgeon performing 
the revision may be faced with utilizing the 
remainder of these two choices if one was used in 
the primary surgery.

• Authors’ preferred approach (Fig. 20.6):
 – 9–10 mm autograft quadriceps tendon soft 

tissue trans-physeal ACL graft. The sur-
geon may be limited by the tissue utilized 
as the primary graft. Ipsilateral hamstring 
autograft may also be considered; however 
deficient graft size may be encountered. An 
additional option in this setting is the addi-
tion of contralateral hamstrings to aug-
ment ipsilateral hamstring size if required.

 – Use of the prior tunnels if appropriate.
 – Placement of a bio-absorbable screw in a 

poorly positioned but infringing prior 
 tunnel. Bone graft cannot be utilized in this 
setting if significant growth remains.

 – Concurrent meniscal repair if required.
 – Concurrent lateral extra-articular 

tenodesis.
Use of modified MacIntosh iliotibial 
band lateral tenodesis with incorpora-
tion of the graft in the tibial tunnel

 – Standing alignment radiographs at 
6-month intervals to monitor for deformity 
and possible intervention with completion 
epiphysiodesis if required.

 Outcomes of Revision ACL-R 
in the Pediatric Population

The existing outcomes data for revision ACL-R 
in children and adolescents are grim. One recent 
retrospective case series examined outcomes for 
90 patients who sustained ACL graft ruptures and 
underwent revision ACL-R at an average age of 
16.6 years. Approximately 20% of these patients 
sustained a new injury to the graft following revi-
sion reconstruction, and 25% of patients required 
additional surgical procedures. An alarming 20% 
sustained ACL injuries of the contralateral knees. 
Only 55% of these young athletes returned to 
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Fig. 20.6 (a) Anterior-posterior and lateral radiographs 
with coronal and sagittal MRI slices following failed trans-
physeal soft tissue allograft ACL reconstruction. An appro-
priate tibial tunnel position and an anterior femoral position 
are demonstrated. (b) Standing alignment (EOS) radiograph 
demonstrating symmetry and skeletal immaturity, with hand 
radiograph demonstrating open phalangeal physes represen-
tative of further growth remaining. (c) Arthroscopic images 
of an appropriate anterior femoral tunnel and appropriate 
positioning of tibial tunnel with failed torn allograft present. 
(d) Arthroscopic visualization of the primary femoral ACL 
tunnel position (red circle) and a cautery mark (green circle) 
indicating a more appropriate desired ACL femoral tunnel 
position. (e) Arthroscopic view of new revision ACL femo-

ral tunnel posterior and free from convergence with the prior 
inappropriate primary ACL femoral position (red circle). 
Physeal cartilage ring in the revision femoral tunnel is noted. 
(f) Arthroscopic view of removal of implant and graft from 
the primary appropriately positioned tibial tunnel with 
arthroscopic view of the appropriate tunnel walls and 
healthy cancellous bone prior to use for the revision recon-
struction. (g) Arthroscopic view of autologous quadriceps 
tendon ACL revision graft and anterior-posterior and lateral 
radiographs of revision tunnel positions and implants. (h) 
Anterior-posterior and lateral radiographs demonstrating 
mature tunnel incorporation and completion of symmetric 
growth following revision trans-physeal ACL 
reconstruction

a1

a3 a4

a2

C. W. Carter and P. L. Wilson



317

b1

C1 C2

b2

Fig. 20.6 (continued)
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sport at their preinjury level of play [23]. The 
authors of a second recent study compared the 
outcomes of primary ACL-R with those for revi-
sion ACL-R in young athletes and had similar 
findings. Specifically, young patients who under-
went revision ACL-R were significantly more 
likely to have more concomitant injuries within 
the operative knee, to have lower return to sport 
rates, and to sustain higher rates of graft re-tear 
than those undergoing primary ACL-R [24]. 
Taken together, these studies demonstrate under-
whelming clinical outcomes for young patients 
undergoing revision ACL-R and make a powerful 
argument for managing all factors contributing to 
ACL injury risk as well as for managing the 
expectations of young athletes and their parents.

 Conclusion

Failure of a primary ACL-R in the young athlete is 
a devastating complication that may be a season- 
ending or even career-ending injury. Revision 
ACL-R is typically recommended for patients 

with ACL graft tears who have functional instabil-
ity and wish to pursue continued participation in 
sports. Prior to performing revision reconstruc-
tion, a comprehensive assessment of the factors 
contributing to an individual athlete’s risk of re-
injury should be performed, and each factor that is 
identified should be systematically addressed, just 
as with an adult patient. Key considerations for 
young athletes in this setting include the status of 
the growth plates as well as the possibility that a 
physeal-sparing or physeal- respecting surgical 
technique may have been previously employed. In 
addition, understanding how a young athlete’s 
psychological state and developmental level may 
affect his/her/their risk is essential for achieving a 
safe and injury-free return to sport.
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Management of Cartilage Defects 
in the Setting of Revision ACL 
Reconstruction

Ignacio Garcia-Mansilla, Brian M. Cash, 
Evan E. Vellios, and Kristofer J. Jones

 Introduction

One of the many challenges associated with revi-
sion anterior cruciate ligament reconstruction 
(rACLR) is the management of associated chon-
dral injuries. Patients undergoing rACLR have a 
significantly higher prevalence of cartilage injuries 
as well as higher-grade defects in comparison to 
patients undergoing primary ACLR. Moreover, the 
status of the articular cartilage at the time of 
rACLR is one of the most significant contributors 
to successful patient outcomes.

Cartilage injuries are present in roughly 30–70% 
of patients undergoing rACLR, and the medial fem-
oral condyle (MFC) is the most common location of 
injury [1–4]. Borchers et al. compared intra-articu-
lar findings in the MOON and MARS study groups 
and found an increased odds ratio of Outerbridge 
grade 3 and 4 chondral lesions in rACLR compared 
with primary ACLR in the lateral and patellofemo-

ral compartments, but not in the medial compart-
ment regardless of prior meniscal treatment [5].

Although studies evaluating long-term out-
comes of combined rACLR and cartilage proce-
dures are limited, most report that the status of 
the articular cartilage has a significant effect on 
clinical outcomes [6–8]. The MARS group 
reported that previous meniscal injury and cur-
rent articular cartilage damage are associated 
with the poorest outcomes. Specifically, patients 
with high-grade trochlear lesions were 1.6 to 2.7 
times more likely to report significantly worse 
2-year outcomes than those without chondral 
pathology. Interestingly, activity levels at 2 years 
were not affected by meniscal or articular carti-
lage pathology [9]. Only a few studies have com-
pared different cartilage procedures in the setting 
of primary or rACLR, and there is no consensus 
on the optimal treatment of full-thickness carti-
lage lesions in ACL-injured knees [10]. Røtterud 
et  al. performed a nationwide cohort study in 
Sweden/Norway of 357 patients with concomi-
tant primary ACLR and full-thickness cartilage 
lesions treated with microfracture (MFx), chon-
droplasty/debridement, or benign neglect. At 
2-year follow-up, those patients treated with 
MFx showed significantly worse outcome scores 
compared to those patients who underwent chon-
droplasty/debridement or no treatment at all. 
Furthermore, chondroplasty/debridement showed 
no positive or negative effects on patient-reported 
outcomes after primary ACLR at 2- year follow-
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 up [11]. In contrast, Johnson et al. reviewed 78 
patients who underwent rACLR and found no 
significant differences in subjective outcome 
scores for patients who underwent concurrent 
partial meniscectomy, MFx, or chondroplasty at 
an average of 52 months post-op [12].

A comprehensive preoperative evaluation is 
important when treating chondral injuries com-
bined with ACLR failures. Attention should be 
given to patient age, activity level, symptoms, 
physical examination findings (malalignment, 
ligament instability, hyperlaxity), and imaging 
studies (tibial/femoral tunnel placement and 
size, articular cartilage/meniscus integrity, and 
coronal plane/sagittal plane alignment). In a 
cohort study of 246 patients undergoing rACLR 
with articular cartilage injuries and lower 
extremity alignment films, Brophy et al. demon-
strated that articular cartilage lesions correlated 
directly with meniscus integrity. Medial com-
partment lesions were associated with varus 
malalignment, medial meniscus deficiency, and 
increased BMI, while lateral compartment 
lesions were associated with increased age and 
lateral meniscal deficiency. However, activity 
level, number of revision procedures, and previ-
ous ACL graft type were not associated with car-
tilage changes in the tibiofemoral compartments 
at the time of rACLR [13].

The following two cases illustrate the poten-
tial management of concomitant chondral inju-
ries in the setting of rACLR. The authors would 
like to emphasize that despite chondral lesions 
being relatively common at the time of rACLR, a 
large majority do not require formal surgical 
treatment, and final treatment decisions should 
rely on a comprehensive evaluation of the patient.

 Case 1

 History and Physical Exam

The patient is a 21-year-old female collegiate 
soccer player who complained of left knee insta-
bility. She denied any pain or mechanical symp-

toms. She previously underwent a primary ACLR 
utilizing bone-patellar tendon-bone (BTB) auto-
graft 3 years ago and sustained a repeat injury to 
her left knee while playing soccer. She presented 
with a small left knee effusion but full range of 
motion. Physical examination revealed a grade 
2B Lachman and a grade 1+ pivot shift test con-
sistent with a recurrent ACL injury. Her left lower 
extremity alignment was neutral.

 Imaging and Other Diagnostic 
Studies

Radiographic (Fig.  21.1) and MRI images 
(Fig.  21.2) reveal a torn ACL graft with bioab-
sorbable screw fixation. Tunnel positioning is 
satisfactory, and there is no evidence of signifi-
cant tunnel widening. The lateral meniscus shows 
irregularity along the posterior root and posterior 
horn, suggestive of a lateral root tear. A deep 
chondral fissure was visualized along the poste-
rior weightbearing portion of the medial femoral 
condyle (MFC) with chondral delamination and 
associated bone edema.

 Preoperative Planning

In this case, a decision was made to proceed with 
a one-stage rACLR with treatment of concomi-
tant meniscal/chondral pathology. Given the 
patient’s activity level, and desire to return to col-
legiate soccer, the decision was made to proceed 
with rACLR using BTB autograft from the con-
tralateral knee. Additionally, we planned to per-
form a lateral meniscus root repair and a 
chondroplasty of the MFC chondral lesion. Given 
the acute nature of this injury, we elected to not 
treat the MFC lesion with any formal cartilage 
restoration procedure. Intraoperatively, the deci-
sion would be made to proceed with an articular 
cartilage biopsy for future cell-based treatment of 
the chondral lesion using matrix-associated 
autologous chondrocyte implantation (MACI) if 
necessary.
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 Surgical Procedure

To begin, the BTB autograft was harvested from 
the right leg and prepared on the back table. Next, 
a diagnostic arthroscopy was performed using 
standard anterolateral and anteromedial portals. 

If previous incisions are adequately positioned, 
they may be used, but the appropriate placement 
of incisions should not be compromised for the 
sole purpose of cosmesis. Figure  21.3 depicts 
intraoperative findings. Inspection of the medial 
compartment revealed a small focal grade 3/4 

a b

Fig. 21.1 Preoperative X-rays of the left knee. AP (a) and lateral (b) views show appropriate tunnel positioning and no 
evidence of tunnel osteolysis

a b c

Fig. 21.2 Preoperative MRI of the left knee. Sagittal 
views show a torn ACL graft (a) and a posterior root tear 
of the lateral meniscus (b). Sagittal T2 fat-sat (c) reveals a 

cartilage lesion in the medial femoral condyle with associ-
ated bone edema
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chondral lesion along the weightbearing aspect 
of the medial femoral condyle. The surrounding 
cartilage was unstable to probing, revealing a 
small delaminated chondral flap (Fig.  21.3a). 
Examination of the intercondylar notch showed 
an intact PCL and a complete mid-substance tear 
of the ACL graft (Fig. 21.3b). The lateral com-
partment demonstrated intact chondral surfaces, 
but there was a complete tear of the lateral menis-
cus near the root attachment (type 2 tear) that was 
unstable to probing (Fig.  21.3c). A ring curette 
and 4.5  mm arthroscopic shaver were used to 
debride the loose cartilage flap overlying the 
medial femoral condyle resulting in a stable and 
well-shouldered lesion of 10 × 8 mm (Fig. 21.4). 
Given the small size of the lesion, a decision was 
made to proceed with an abrasion arthroplasty 
(marrow stimulation procedure). A 5.5 bone cut-
ter was then used to abrade the subchondral bone, 

thereby resulting in visible bleeding of the bony 
surface. We prefer this technique relative to other 
marrow stimulation procedures such as micro-
fracture, as it does not significantly compromise 
the underlying subchondral bone, an important 
factor that affects clinical outcomes for future 
cell-based procedures. The residual ACL graft 
was debrided. Both the tibial and femoral ACL 
tunnels were found to be in adequate position. 
The prior femoral tunnel was fully incorporated 
with bone from the prior BTB autograft. Attention 
was then turned to the type 2 root tear. Using a 
4.5 mm arthroscopic shaver, the root attachment 
was debrided removing any residual soft tissue to 
expose the underlying bone. Using an all-inside 
meniscal repair device, two luggage tag sutures 
were placed through the root of the lateral menis-
cus. These sutures were then docked through a 
separate portal for later repair (Fig. 21.5a).

a b c

Fig. 21.3 (a) Focal grade 3/4 chondral lesion along the 
weightbearing aspect of the medial femoral condyle. 
Surrounding cartilage is unstable to probing. (b) Mid- 
substance tearing of existing ACL graft. (c) Complete 

radial tear of the posterior root of the lateral meniscus 
(type 2 tear) with displacement into the lateral 
compartment

a b c

Fig. 21.4 Debridement of medial femoral condyle carti-
lage lesion. (a) 4.5  mm arthroscopic shaver is used to 
remove the loose chondral flap. (b, c) A stable and well- 

shouldered lesion of approximately 10 × 8 mm is observed 
following formal debridement
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The new ACL tunnels were then drilled using 
a flexible reamer and a free hand femoral guide 
(Figs.  21.5b, c and 21.6a). The meniscal root 
repair sutures were then shuttled through the tib-
ial ACL tunnel to anatomically approximate the 
root to its native footprint (Fig. 21.6b). The ACL 
graft was then passed through the tibial tunnel 
and docked into the femoral tunnel. The graft was 
fixed with a 7 × 20 mm metal interference screw 
inserted over a guidewire (Fig. 21.6c). The knee 
was then placed in full extension, and a size 
9 × 20 mm metal interference screw was inserted 
over a guidewire into the tibial tunnel. The menis-
cal root repair sutures were tensioned and then 
secured to a 4.75 mm bio-composite swivel-lock 
within the proximal tibia, approximately 1  cm 
distal to the aperture of the tibial tunnel.

 Post-Operative Protocol

In this case, post-operative management was 
guided by the meniscal root repair. Weightbearing 
in full extension was limited to toe touch (20%) 
in a hinged knee brace, and knee flexion was lim-
ited to 90 degrees until 4  weeks after surgery. 
After 4 weeks, the patient was allowed to discon-
tinue use of the brace and begin full weightbear-
ing and full knee range of motion. Supervised 
physical therapy was initiated as soon as possi-
ble, with an emphasis on range of motion and 
isometric strengthening. When available, blood 
flow restriction (BFR) exercises are initiated 
early to mitigate muscle atrophy. Loading of the 
knee at angles greater than 90 degrees was not 
permitted until 4 months post-operatively. Return 

a b c

Fig. 21.5 (a) Lateral meniscus posterior root repair. (b) Flexible reamer is inserted to drill the femoral ACL tunnel. (c) 
Completed ACL femoral tunnel with an intact, 2 mm posterior wall

a b c

Fig. 21.6 (a) Tibial tunnel drilled. (b) Lateral meniscal root repair with sutures docked in tibial tunnel. (c) Graft 
secured in place
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to sport is typically permitted approximately 
8–10 months post-operatively if a functional test-
ing algorithm demonstrates the athlete is at low 
risk for reinjury.

 Case 2

 History and Physical Exam

The patient is a 33-year-old male personal trainer 
who presented with a longstanding history of 
right knee instability and lateral knee pain. He 
sustained a right knee ACL tear approximately 
2  years ago while playing soccer and subse-
quently underwent primary ACLR with allograft 
tissue. Approximately 1.5 years after the index 
procedure, he sustained a repeat right knee 
injury. After a period of rest and self-directed 
physical therapy, he returned to activity, but 
noted instability and pain localized to the lateral 
joint line.

On exam, the patient demonstrated neutral 
alignment. There was no suggestion of a medial 
or lateral thrust with ambulation. There was a 
mild knee effusion. He had moderate lateral joint 
line tenderness. Lachman exam was 2B, and 
pivot shift was 1+. Anterior drawer was positive 
and posterior drawer was negative. The knee was 
stable to varus and valgus stress in extension and 
at 30 degrees of flexion with a negative dial test. 
His neurovascular exam was normal.

 Imaging and Other Diagnostic 
Studies

Radiographs of the right knee revealed implants 
from the previous ACLR, as well as notable wid-
ening of the femoral and tibial tunnels (Fig. 21.7). 
In this patient with a soft tissue allograft used for 
his index ACL reconstruction, as well as fixation 
at the proximal end of the femoral tunnel and dis-
tal end of the tibial tunnel, tunnel widening is a 
consequence of the “windshield wiper” effect, a 
concept originally described by L’insalata and 
corroborated by others [14–16]. With tunnel wid-

ening evident on routine radiographs, a CT scan 
was obtained for further evaluation of tunnel size, 
position, and orientation (Fig.  21.8) [17]. An 
MRI was obtained to evaluate the ACL graft and 
investigate for concomitant meniscal or chondral 
pathology. It is important to note that metallic 
graft fixation devices may create significant arti-
fact on MRI, and metal suppression sequences 
may be useful in these clinical scenarios. In this 
case, the MRI revealed a focal grade 3/4 chondral 
lesion of the lateral femoral condyle (LFC) 
(Fig. 21.8d).

If there is clinical suspicion for infection, 
especially in cases with significant osteolysis of 
previous tunnels, then bloodwork including 
complete blood count (CBC), erythrocyte sedi-
mentation rate (ESR), and C-reactive protein 
(CRP), as well as bacterial cultures of a knee 
aspirate, can be obtained for further evaluation. 
In this case, there was no clinical concern for 
infection.

 Preoperative Planning

A number of factors must be considered when 
deciding to move forward with a one- or two- 
stage revision procedure. These factors include 
tunnel anatomy (size, position, and orientation), 
preoperative knee range of motion, and concomi-
tant intra-articular injuries. The size of the tun-
nels should be measured at their apertures within 
the knee joint, as well as at their widest mid- 
tunnel diameter on coronal or sagittal CT imag-
ing [18]. In this case, due to widening of the 
femoral and tibial tunnels >15 millimeters, the 
decision was made to proceed with a two-stage 
revision ACL reconstruction [19]. In the setting 
of recurrent ACL injuries with cartilage pathol-
ogy, a two-stage procedure affords an opportu-
nity to examine the cartilage lesion and determine 
optimal management. If a two-stage cartilage res-
toration procedure – such as MACI – is planned, 
the harvest of autologous chondrocytes can be 
performed at the same time as bone grafting of 
the tunnels. Additionally, if a fresh tissue transfer 
procedure such as osteochondral allograft (OCA) 
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transplantation is indicated after arthroscopic 
evaluation of the lesion, it is possible to arrange 
for accurate OCA graft matching, while the bone 
graft heals within the tunnels.

 First-Stage Surgery

At the time of the first stage, a standard diagnos-
tic arthroscopy was performed through anterolat-

a b

c

Fig. 21.7 Preoperative X-rays of the right knee. 
Alignment films (a) show neutral alignment of the right 
knee. AP (b) and lateral (c) radiographs reveal implants 
from previous ACL reconstruction. Anterior translation of 

the tibia relative to the femur can be noted on the lateral 
radiograph, suggesting failure of the ACL graft. 
Additionally, both radiographs reveal tunnel widening
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eral and anteromedial portals. In this case, an 
incompetent ACL graft was noted (Fig.  21.9a). 
Inspection of the lateral compartment revealed a 
15 × 15 mm grade IV osteochondral lesion of the 
lateral femoral condyle (Fig.  21.9b). With a 
symptomatic lesion of this size in the setting of a 
rACLR, we prefer to use an osteochondral 
allograft, which is performed during the second 
stage of a two-stage ACL reconstruction. At the 
time of this procedure, any other intra-articular 
pathology should be inspected and addressed as 
needed. In this case, a loose osteochondral body 
was also found in the lateral compartment and 

removed (Fig. 21.9c). Additionally, a small hori-
zontal tear of the lateral meniscus was present, 
and a partial lateral meniscectomy was performed 
with a 4.5 mm arthroscopic shaver (Fig. 21.9d).

The implants securing the ACL graft were 
removed, the graft was debrided, and the femo-
ral/tibial tunnels were identified to remove all 
soft tissue using arthroscopic shavers and curved 
curettes (Fig. 21.10a). Next, the tibial tunnel was 
reamed and sequentially dilated to a final size of 
16 mm, and a 16 × 35 mm bone dowel allograft 
was press-fit into the tibial tunnel (Fig. 21.10d). 
Allograft dowels are available from various com-

a b

c d

Fig. 21.8 Preoperative CT scan images of the right knee. 
For the femoral tunnel, the diameter is measured at the 
aperture, seen on the axial view (b), as well as the widest 
portion of the mid-tunnel, seen here on the coronal view 

(a). For the tibial tunnel, the widest portion of the tunnel 
is measured on the sagittal (c) and axial views. Sagittal 
MRI reveals a focal grade 3/4 chondral lesion along the 
weightbearing aspect of the LFC (d)
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mercial vendors. Finally, the femoral tunnel aper-
ture was measured to corroborate the findings 
from the preoperative CT scan and confirm that 
bone grafting was necessary. In this case, the 
femoral tunnel aperture measured 16  mm. The 
femoral tunnel was grafted with 10 cc of cortical 
fibers and 10  cc of demineralized bone matrix 
(DBM) putty mixed with platelet-rich plasma 
(PRP). The bone graft was then inserted via a 
commercial graft delivery system after all 
arthroscopic fluid was evacuated from the knee 
(Fig. 21.10b, c).

 Clinical Management

After stage one, the patient was kept toe-touch 
weightbearing (20%) in a hinged knee brace for 
approximately 2  weeks post-operatively. 
Supervised physical therapy was initiated with a 
focus on range of motion and isometric strength-
ening exercises. Around 5–6  weeks post- 
operatively, the patient may begin low-impact 
exercises such as stationary biking or swimming. 
A CT scan of the knee is obtained around 
4 months post-operatively, and if the bone graft is 

a b

c d

Fig. 21.9 First-stage intraoperative findings. (a) The pre-
vious ACL graft was noted to be incompetent. (b) A 
15 × 15 mm, grade 3/4 osteochondral lesion of the lateral 
femoral condyle was noted. (c) A loose body was found in 

the lateral compartment and was removed. (d) There was 
a horizontal tear of the lateral meniscus, from the mid- 
body to posterior horn, which was treated with debride-
ment using an arthroscopic shaver
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sufficiently incorporated, we proceed with the 
second stage of the rACLR procedure.

 Second-Stage Surgery

Given recent literature that suggests biologic 
augmentation may improve OCA graft incorpo-
ration, we prefer to treat these grafts with bone 
marrow aspirate concentrate (BMAC) prior to 
implantation [20]. Prior to formal preparation 
and draping, the patient is placed in the supine 
position on the operating room table, and a large 
Jamshidi needle is percutaneously inserted to 

aspirate bone marrow from the anterior iliac 
crest. The bone marrow aspirate is then placed in 
a centrifuge for preparation and later use during 
the procedure.

Next, we proceed with rACLR. The intended 
ACL autograft can be harvested from the ipsilat-
eral or contralateral leg, as needed. In this case, 
we harvested a BTB autograft from the ipsilateral 
leg. A diagnostic arthroscopy was then performed 
through standard anterolateral and anteromedial 
portals, allowing the surgeon to re-examine the 
cartilage injury and ensure there has been no pro-
gression of intra-articular meniscal or cartilage 
pathology. With the bone graft fully incorporated 

a b

c d

Fig. 21.10 (a) Femoral tunnel after debridement and 
removal of soft tissue. (b, c) Femoral tunnel was grafted 
with 10  cc of cortical fibers and 10  cc of DBM putty 

mixed with PRP and inserted via a commercial graft 
delivery system. (d) Tibial tunnel grafted with a 
16 × 35 mm bone dowel allograft

I. Garcia-Mansilla et al.



333

within the femoral and tibial tunnels, the rACLR 
can be completed in a similar manner as a pri-
mary ACLR (Fig. 21.11).

After the graft is fixed within the femur with a 
metal interference screw, we proceed with OCA 
transplantation. In this case, we were able to 
obtain accurate measurements of the cartilage 
defect during the first-stage procedure. The lesion 
measured 15  ×  15  mm, thereby allowing us to 
proceed with OCA transplantation using a pre- 
cut 15 mm OCA dowel. These pre-cut dowels are 
readily available from select commercial tissue 
banks. This approach obviates OCA graft match-
ing and facilitates timely surgical treatment. A 
6 cm vertical incision was made in line with the 
anterolateral portal, followed by a mini-lateral 
arthrotomy to expose the defect. Excision of the 
infrapatellar fat pad may be necessary for ade-
quate exposure. A bent Hohmann retractor and a 
Z-retractor help to provide excellent exposure 

(Fig. 21.12b). In this case, a 15 mm sizing tem-
plate was placed perpendicular to the LFC, and a 
2.4 mm Kirschner wire was inserted. A 15 mm 
reamer is used to ream to a depth of approxi-
mately 6–7 mm based on preoperative MRI mea-
surements (Fig. 21.12c). The resultant socket is 
then measured at four quadrants along a clock 
face to determine the subsequent size of the 
allograft dowel that will be implanted. The graft 
was marked according to these measurements, 
and excess bone was removed from the end of the 
graft using a sagittal saw. The graft was then 
soaked in the previously harvested BMAC 
(Fig.  21.12a). The allograft dowel was finally 
inserted into the recipient socket using a press-fit 
technique (Fig. 21.12d). It is important to ensure 
the graft sits flush to the surrounding articular 
surface to avoid increased contact stress that 
could compromise graft healing [21]. Following 
OCA transplantation, the ACL graft was finally 

a b c

d e f

Fig. 21.11 (a) Inspection of the femoral condyle reveals 
that the previously placed bone graft is well-healed. The 
revision ACL reconstruction can therefore proceed similar 
to a primary ACL reconstruction surgery. (b) Using an 
anteromedial portal, a flexible guidewire is placed within 
the footprint of the native ACL. (c) A flexible reamer is 

used to drill to a depth of 20–25 mm, and the back wall is 
inspected to ensure it is approximately 1–2 mm without 
compromise. (d) Guide pin inserted in tibial ACL foot-
print. (e) A shuttle suture is used to pass the graft through 
the tibial tunnel and into the femoral tunnel. (f) ACL graft 
fixed within the femur with a metal interference screw
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fixed on the tibial side with a metal interference 
screw. The wound was then irrigated, closed, and 
dressed.

Of note, while it was not an issue in this case, 
it is conceivable that a femoral tunnel may con-
verge with an osteochondral graft within the lat-
eral femoral condyle. The surgeon should 
consider this possibility during preoperative 

planning and can adjust the recipient socket depth 
and/or femoral tunnel angle as needed.

 Post-Operative Protocol

Post-operatively, the patient was kept non- 
weightbearing in a hinged knee brace for 

a b

c d

Fig. 21.12 Intraoperative images of the OCA transplan-
tation procedure. (a) The allograft is soaked in the BMAC. 
(b) The lateral femoral condyle is exposed through a mini 
lateral arthrotomy. A bent Hohmann retractor and a 

Z-retractor are used to provide exposure. (c) The lesion is 
reamed to a depth of approximately 6–7  mm (d). The 
fresh, 15 mm precut allograft dowel is press-fit into the 
recipient socket
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 approximately 2  weeks. Supervised physical 
therapy was initiated as soon as possible, with an 
emphasis on range of motion. At 2 weeks post- 
operatively, the patient began partial- 
weightbearing (50%) with the brace unlocked. At 
approximately 4–5  weeks post- operatively, the 
patient began to advance to weightbearing as tol-
erated and ultimately discontinued the brace, as 
he was progressing as expected with adequate 
range of motion and quadriceps strength with no 
significant joint effusion. The patient was 
advanced through a standard ACL rehabilitation 
protocol. The surgeon may choose to obtain a 
repeat MRI or CT scan at 6  months post- 
operatively to evaluate for osteochondral allograft 
integration prior to return to sport-specific train-
ing. Return to sport is not permitted until at least 
9–12 months post-operatively.

 Summary and Our Preferred 
Algorithm

The management of cartilage defects in the set-
ting of revision ACL reconstruction can include a 
wide array of treatment strategies, including no 
treatment (benign neglect), chondroplasty, mar-
row stimulation with microfracture or abrasion 
arthroplasty, autologous chondrocyte implanta-
tion (ACI), and osteochondral autograft and 
allograft techniques. It is important to note that 
chondral lesions are quite common in the rACLR 
setting, and many of these lesions do not require 
treatment if they are not symptomatic.

In most cases, for small lesions (less than 
2 cm2) that are asymptomatic (no pain or mechan-
ical symptoms), our preferred treatment is benign 
neglect, chondroplasty, or abrasion arthroplasty. 
When performing a marrow stimulation proce-
dure, abrasion arthroplasty is preferred over 
microfracture, as it does not compromise the 
underlying subchondral bone. Recent studies 
demonstrate inferior clinical outcomes when 
cell-based cartilage restoration procedures are 
used to treat symptomatic cartilage lesions that 
were previously managed with a microfracture 
procedure [22]. Ultimately, we prefer to keep all 
cartilage restoration procedures available to us if 

future treatment is necessary, and we have largely 
abandoned microfracture as a potential treatment 
modality for this reason. For small, symptomatic 
lesions (up to 4 cm2), osteochondral autograft is 
our treatment of choice. Osteochondral autograft 
is preferred for lesions of this size, as autograft 
plugs incorporate quickly and facilitate a faster 
return to athletic activity (mean 5 months) rela-
tive to other procedures [23]. For larger lesions 
(greater than 4 cm2), osteochondral autograft is a 
less-viable option, as donor site morbidity 
increases. Therefore, osteochondral allograft and 
MACI are the preferred surgical treatments for 
large lesions. OCA is typically utilized if there 
are any signs of subchondral bone irregularities, 
although the MACI “sandwich” technique is also 
an option. MACI is particularly advantageous for 
defects in the patellofemoral joint, given the sig-
nificant variation of individualized anatomy in 
this area of the knee. However, MACI techniques 
do have notable downsides, including increased 
expense, longer time for graft maturation, and the 
necessity of two procedures.

The treatment of chondral lesions in the 
rACLR setting is complex, and treatment plans 
hinge on several considerations including lesion 
size, location, and morphology; patient age and 
activity level; symptoms and exam findings; 
presence of degenerative changes throughout the 
knee; meniscal integrity; malalignment; instabil-
ity; and involvement of subchondral bone. While 
there may be multiple viable treatment options 
for any given lesion, the nuances of these factors 
may push the surgeon toward a preferred 
strategy.
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Revision Anterior Cruciate 
Ligament Reconstruction 
in the Elite or Professional Athlete

Kristofer Eastman Chenard 
and Kenneth Dale Montgomery

Revision anterior cruciate ligament (ACL) recon-
struction in the elite or professional athlete pres-
ents a multitude of unique challenges including 
high demands after reconstruction, player expec-
tations, technical challenges of revision surgery, 
and additional demands on the surgeon from the 
elite and professional sports environment includ-
ing coaches, trainers, and player agents. We pres-
ent several cases for discussion of the complex 
features of revision ACL reconstruction in elite 
and professional athletes.

 Case 1

A 21-year-old female elite college volleyball 
player sustains a right anterior cruciate ligament 
rupture after landing awkwardly on another play-
er’s foot after making a block at the net. She pre-
viously sustained a right ACL rupture after a 
non-contact twisting injury in high school and 
underwent ACL reconstruction. She desires to 
return for her senior season and has aspirations to 
play at the professional and Olympic level. She is 
anxious and wants to know what her prognosis 
for full recovery is.

 Discussion

A thorough history is critical for composing a 
plan for revision ACL reconstruction. Knowledge 
of previous graft type is essential for planning 
treatment; however, in the revision setting, many 
types of grafts can be used successfully. Bone 
patellar tendon bone grafts are frequently the 
standard choice for elite contact athletes in the 
United States; thus, BPTB grafts are often not 
available on the injured limb for reconstruction. 
In some athletes, bone patella tendon bone may 
not be the best choice even if available at revi-
sion. Postoperative patellofemoral pain is a par-
ticularly significant problem for jumping athletes. 
Most elite basketball and volleyball players are 
tall and tend to have very robust hamstring grafts, 
and successful revision after a BPTB graft can be 
performed with hamstring grafts in this 
situation.

Considering the length of time from the origi-
nal operation is important and can help the sur-
geon understand the mode of failure and plan for 
future success. ACL graft tears may occur early 
or late and may be the result of traumatic injuries 
or unimpressive non-contact injuries. Early fail-
ures often occur with less dramatic mechanisms. 
It is important to understand why failure has 
occurred. Poor or incomplete rehabilitation and 
rush to full return to sport can put patients at risk 
for failure. In our practice, side to side functional 
ACL testing is performed at 6  months prior to 
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return to sport for all competitive athletes. Many 
athletes feel that their knee has returned to a com-
petitive level, but functional testing often demon-
strates significant deficits. Functional testing can 
direct the surgeon, therapist, and trainer to cor-
rective exercises prior to return to play.

If the patient was properly rehabilitated prior 
to return to sport, the surgeon must look for 
patient-specific factors, mechanism of injury, and 
technical reasons for failure. The patient should 
be examined for hyperlaxity (knees with greater 
than 10 degrees hyperextension), rotatory insta-
bility, or a prominent pivot shift. In addition, the 
injury mechanism should be discussed with the 
patient. Patients who fail early with benign non- 
contact mechanisms may demonstrate ligamen-
tous laxity. In our practice, these individuals will 
undergo an anterolateral ligament reconstruction 
in addition to revision ACL reconstruction. Late 
failures, typically at greater than 5 years from ini-
tial surgery, are less suspicious for the presence 
of hyperlaxity or insufficient rehabilitation. 
Technical reasons for failure should be examined 
including tunnel placement, fixation, and graft 
choice (auto vs allograft). Vertical tunnels, 
allograft reconstructions, or other technical errors 
may be present. A study of community ACL 
reconstructions at Kaiser Permanente showed 
that 21% of ACL reconstructions were performed 
by surgeons performing less than six reconstruc-
tions a year and 56% of ACL reconstructions 
were performed by surgeons without sports med-
icine fellowship training [1]. Elite athletes come 
from a variety of different backgrounds, and the 
resources and experience of surgeons performing 
ACL surgery at the primary reconstruction can 
vary widely. Patients with multiple ACL ruptures 
will frequently have associated knee injuries. 
Data from the National Hospital Discharge 
Survey (NHDS) and the National Survey of 
Ambulatory Surgery (NSAS) databases indicate 
that only 37% of ACL reconstructions were per-
formed as an isolated procedure, 50.6% included 
concomitant meniscal surgery, and 30.9% 
included another concomitant knee procedure 
[2]. Previous injuries and associated injuries 
should be closely examined when planning for 
revision surgery.

Outcomes of revision anterior cruciate liga-
ment reconstruction in elite athletes are gener-
ally good. Mai et  al. report an 82% return to 
play rate for primary ACL reconstruction in 
National Football League (NFL) professional 
athletes, and Okoroha et  al. report a 79.4% 
return to play rate in 24 NFL players undergoing 
revision ACL reconstruction [3, 4]. NFL players 
who had been drafted in the first 4 rounds, or 
had played in at least 55 games, or played in 4 
NFL seasons prior to injury were more likely to 
return to play, and all players who returned to 
play had statistically similar subsequent career 
length to matched controls after revision ACL 
reconstruction [4]. A recent study of 24 profes-
sional soccer players undergoing revision ante-
rior cruciate ligament reconstruction with lateral 
extra-articular tenodesis for patients with ACL 
retear with high grade pivot shift demonstrated a 
91.7% rate of return to sport; further investiga-
tion is needed to assess the performance of lat-
eral extra-articular procedures in populations of 
elite athletes [5].

 Key Concepts

Graft Options For recurrent ACL injuries, it is 
important to consider all graft options. Our gen-
eral order of preference is patella tendon auto-
graft and hamstring tendon autograft grafts, 
followed by quadriceps tendon grafts. A graft 
from the contralateral knee is an option, and 
allografts are chosen as a last resort or in com-
plex multi-ligament knee injuries.

Consider ALL Augmentation Anterolateral lig-
ament reconstructions (typically gracilis allograft 
with high-strength suture/tape augmentation) are 
considered for athletes who suffer early, non- 
contact injuries. ALL reconstruction is also con-
sidered in patients with hyperlaxity of the knee 
greater than 10–15 degrees of hyperextension.

Functional Rehabilitation Emphasis of com-
pleting a thorough rehabilitation program that 
can ultimately demonstrate functional symmetry, 
both in absolute numbers as well as biomechani-
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cal quality, is a more reliable predictor of ade-
quate rehabilitation than is the athlete’s personal 
assessment of their recovery.

 Outcomes

Outcomes of revision ACL reconstruction in elite 
athletes are generally good and may be similar to 
the outcomes of primary ACL reconstruction. 
Previous ability and performance seem to corre-
late well with return to play. Early results of lat-
eral extra-articular stabilization procedures for 
revision ACL reconstruction in elite athletes are 
promising and warrant further study.

 Case 2

A 26-year-old professional football lineman sus-
tains a right ACL graft rupture and MCL tear 
after a direct blow from a teammate on the lateral 
aspect of his knee while his foot was pinned to 
the ground. He is seen in the office, and an ACL 
reconstruction is recommended once full range 
of motion is achieved. He previously underwent 
primary right ACL reconstruction as a college 
freshman. The player and his agent inform you 
they are seeking a second opinion from another 
surgeon.

 Discussion

Surgeons treating elite and professional athletes 
should be prepared to treat players that will seek 
second opinions. Professional athletes will usu-
ally seek a second opinion, and the decision on 
second opinion surgeon will often be dictated by 
the player’s agent or family. If the player requests 
a second opinion, the team surgeon should be 
prepared to offer recommendations. A surgeon 
dealing with professional athletes should work to 
build a network of surgeons with good reputa-
tions and are known to him or her. An appropriate 
second opinion surgeon is someone of similar 
skill level and not affiliated with the surgeon’s 

practice. The ideal surgeon will be someone who 
is well respected, known to be supportive of play-
ers and other physicians, and willing to commu-
nicate with the team physician. If the patient has 
a complicated injury, you may want to suggest to 
the patient a surgeon known to you who has par-
ticular expertise in that area. Whether the player 
chooses the team surgeon or not, the team sur-
geon should make sure to get in contact with the 
second opinion surgeon to learn what their opin-
ion is on treatment. This type of communication 
not only assists the team surgeon in guiding the 
postoperative care of the player in the training 
room but also helps surgeons build supportive 
physician networks for collaborating in the treat-
ment of elite athletes.

Although it can be difficult for a surgeon’s 
ego, the team surgeon should not be concerned or 
insulted if a patient chooses to undergo surgery 
elsewhere. The decisions of professional athletes 
are heavily influenced by many factors outside of 
the surgeon’s control. It is important for the sur-
geon to support the decision of a player and to 
communicate with the treating surgeon. 
Maintaining good relationships with other sur-
geons that treat elite athletes will grow a sur-
geon’s experience, network, and reputation as 
well as help grow a surgeon’s knowledge through 
discussion of cases with other surgeons. In addi-
tion, working relationships with other surgeons 
treating elite athletes will allow for a team physi-
cian and trainers successfully guide the athlete 
through the rehabilitation process. The relation-
ship one develops with outside surgeons is one of 
the most rewarding consequences of caring for 
elite athletes.

If you are seeing an elite athlete as a second 
opinion, it is critical to be respectful of and speak 
well of the first opinion surgeon. If you have a 
difference of opinion or believe they would truly 
benefit more from a different type of operation 
that you are offering the player, the surgeon 
should not attempt to undermine the previous 
surgeon or cast doubt on their professionalism or 
ability. The world of medicine is very small, and 
the community of surgeons treating professional 
athletes is much smaller.
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 Key Concepts

Second Opinions are frequently requested by 
players, families, and agents. At higher levels of 
competition, this should be anticipated. Welcome 
the concept of second opinions and even intro-
duce the topic in cases where it seems appropri-
ate. Having a group of surgeon colleagues 
whose opinions you welcome and respect allows 
you to provide referrals that are likely to provide 
an objective, supportive second opinion to the 
athlete. The athlete may visit the surgeon in per-
son, or in many cases radiologic images and the 
clinical history can often be sent remotely to 
colleagues around the country. The insight of 
these opinions can be given to the patient 
directly or via feedback from the local orthope-
dic surgeon.

Developing these professional relationships 
and learning from their experienced opinions is 
one of the most positive consequences of caring 
for athletes at the highest level. Embrace second 
opinions and learn from them. Your athletes will 
appreciate your openness and will be more confi-
dent in your care as a result. Athletes are more 
likely to seek second opinions and consider sur-
gery outside of the team physician in situations 
when they have not developed a working relation-
ship with the medical team. Young players, rook-
ies, recently transferred or traded players, and 
players undergoing contract negotiations are more 
likely to consider surgery outside the system. When 
your athlete decides to pursue surgery elsewhere, 
be gracious and supportive of their decision, and 
do all you can to facilitate the process.

 Case 3

A 22-year-old male professional football wide 
receiver sustains a contact left knee injury during 
special teams practice as the starting kick 
returner. The player had undergone previous ACL 
reconstruction as a college sophomore. On side-
line examination, the player has a loose knee 
though the player is anxious and guarding 
throughout the exam. The player, the head coach, 

and the general manager are all eager to hear how 
severe you believe the knee injury may be.

 Discussion

The team physician at the professional level will 
have to discuss the details of a player’s injury not 
only with the player but also with the coach, gen-
eral manager, and training staff. If the diagnosis 
is obvious on the field, it is important to be honest 
with the coach and general manager. If the physi-
cian has high certainty the player has torn their 
ACL, the physician should tell the coach and 
general manager directly and honestly that they 
will not be able to count on the player for the rest 
of the year. The coach will have to go down the 
roster and see who is available to fill the position, 
and the general manager will need to start bring-
ing in players from around the country for physi-
cal exams. Be aware that the coach may quickly 
pass your findings on to other members of the 
team including the other players.

It is important to hedge your bets if there is 
uncertainty regarding the diagnosis. On occasion, 
it can be difficult to make the diagnosis due to 
player anxiety and guarding. Sometimes a play-
er’s ACL can feel stable even though rupture has 
occurred, for example, in the case of a concomi-
tant displaced meniscus injury. Conversely, 
patients with previous ACL reconstructions, in 
particular, may not have complete, symmetric 
stability even prior to reinjury, and a moderately 
unstable exam may not reflect re-rupture. Do not 
communicate to the player or staff whether there 
is or is not a tear if you are uncertain. Ultimately, 
you will have to rely on advanced imaging to 
make the final decision, and it is certainly accept-
able to not give a definitive answer at the time of 
injury. Erroneously informing the athlete, the 
coach, and the management that the player has 
re-torn the ACL and will need season-ending sur-
gery can cause the team to lose confidence in 
your ability to make an accurate diagnosis and 
unnecessarily increase anxiety levels. Having 
learned from these experiences, we now tend to 
be more conservative and patient in presenting 
bad news.
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 Key Concepts

Communication Be cautious with your diagno-
sis when evaluating the athlete on the field or in 
the training room. Be mindful that knees with 
functional ACL reconstructions may still demon-
strate significant laxity compared to an uninjured 
knee. Considering this variability with the limited 
examination that can occur due to patient anxiety 
and guarding, reserving a definitive diagnosis 
until advanced imaging has been completed is 
often wise. Explaining to the athlete and their 
family that you are concerned that they may have 
reinjured the knee but that you need to wait for 
the results of advanced imaging to determine 
how significant the injury is allows them to begin 
processing the possibility of a re-injury while 
holding onto some hope that the injury may not 
be severe. This concept of “breaking the news to 
them slowly” allows the process to occur more 
humanely than a blunt immediate diagnosis. It 
also prevents the scenario of an incorrect diag-
nosis, which may cause a team to lose confidence 
in your ability.

 Conclusion

The treatment of professional and elite athletes 
with repeat ACL rupture presents several unique 
challenges. Surgeons should pay close attention 

to the history and technical details of a player’s 
injury, similar to the evaluation of non-elite non- 
professional athletes. Team physicians treating 
professional and elite athletes should be aware of 
the expectations of players, coaches, general 
managers, and agents and how these factors can 
influence the course of treatment.
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Special Considerations in Female 
Athletes with Failed ACL 
Reconstruction

Sarah N. Harangody, Wendell M. R. Heard, 
and Mary K. Mulcahey

 Introduction

Anterior cruciate ligament (ACL) injury occurs 
with a four- to sixfold greater incidence in female 
athletes compared to male athletes playing the 
same landing and cutting sports [1]. The mecha-
nism underlying gender disparity in ACL injury 
risk is likely multifactorial in nature. Since the 
passage of Title IX in 1972, there has been a sig-
nificant increase in the number of girls and 
women participating in sports, which has led to 
an increase in sports-related injuries including 
ACL tears. The risk of ACL injury in female col-
legiate year-round high-level soccer and basket-
ball players is approximately 4.4–5% per year [2, 
3], compared with 1.7% for males [3]. Females 
are more likely than males to suffer a subsequent 
ACL injury following ACL reconstruction, and 
the injury is most likely to occur in the contralat-
eral knee. Shelbourne et al. [4] prospectively fol-
lowed 1415 patients (863 male, 552 female) for 

≥5 years after ACL reconstruction. The majority 
of patients (79–92%) indicated that they partici-
pated in high-risk sports (sports involving jump-
ing, twisting, or pivoting that included sports 
such as basketball, soccer, football, volleyball, 
and snow skiing) at a recreational level or higher. 
One hundred thirty-six patients (69 females and 
67 males) incurred a subsequent ACL injury to 
either knee (9.6%) and females had a higher rate 
of subsequent ACL injuries compared with male 
athletes (12.5% and 7.8%, respectively; 
p  =  0.004). Most subsequent knee injuries 
occurred playing basketball (52%) and soccer 
(15%). Women were more likely than men to suf-
fer an injury to the contralateral normal knee 
(7.8% and 3.7%, respectively; p < 0.001). Both 
sexes had an equal risk of re-rupture of the recon-
structed knee, with 4.3% in males and 4.1% in 
females [4]. Revision rates after ACL reconstruc-
tion ranged from 5% to 20% [5].

 Etiology

While overall failure and re-rupture rate may be 
similar in males and females in the general popu-
lation, female athletes have a higher re-rupture 
rate than their male counterparts [6]. There are 
multiple reasons for graft failure after ACL 
reconstruction including surgical technique, trau-
matic re-tear, lack of graft incorporation, and 
failure to recognize associated knee pathology/
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ligamentous injuries [7]. Failure following ACL 
reconstruction can be grouped into different cat-
egories: (1) loss of motion or arthrofibrosis, (2) 
extensor mechanism dysfunction, (3) arthritis, 
and (4) recurrent patholaxity (graft failure) [8].

Errors in surgical technique represent one of 
the most common reasons for failure of ACL 
reconstruction, with tunnel malposition being a 
major cause. However, no studies have demon-
strated a significant difference in tunnel malposi-
tion between males and females. Recurrent 
trauma can also lead to ACL graft rupture. Female 
athletes who return to playing soccer have a 
higher risk of ACL graft rupture compared to 
those who return to playing other sports [9]. 
Previous studies have shown that return to high- 
level activity is associated with higher risk of 
graft re-rupture. Salmon et al. found that the only 
significant predictor of graft rupture from among 
the measured variables was a contact mechanism 
of initial injury, which increased the odds of suf-
fering a graft rupture threefold, likely a result of 
returning to contact sports [10]. Also, in that 
study, there was a trend toward an increased risk 
of graft rupture with return to level 1 or 2 sports, 
as defined by the 1993 International Knee 
Documentation Committee (IKDC) scale 
(adjusted OR = 2.1; 95% CI, 1.0–4.6) [10]. The 
IKDC divides activity into the following func-
tional levels: (1) strenuous (e.g., football, hockey, 
basketball), (2) moderate (e.g., tennis, skiing, 
martial arts), (3) light recreational (e.g., jogging, 
cycling, swimming), and (4) sedentary, based on 
the demands the activity places on the knee and 
exposure to that functional level of at least 
50 hours a year.

 Risk Factors (Fig. 23.1)

 Expectations

There are several risk factors to consider in the 
female athlete with a failed ACL reconstruction. 
Female athletes are less likely to return to sport 
after primary ACL reconstruction than male ath-

letes and this number continues to decrease fol-
lowing revision ACL reconstruction [11, 12]. 
Webster et  al. performed a cohort study of 675 
patients (437 male, 238 female) undergoing pri-
mary (595 patients; 81 of whom had a prior con-
tralateral ACLR) or revision ACL reconstruction 
(80 patients) to investigate return-to-sport expec-
tations before and after ACLR and determine fac-
tors associated with changed expectations  [11]. 
The authors found that female patients had two 
times the odds of giving up sport, and patients 
who had undergone previous ACLR had almost 
three times the odds. Before undergoing a revi-
sion ACLR, only 63% of athletes planned to 
return to their sport at their previous level [11]. 
When counseling female athletes with a failed 
ACL reconstruction, it is important to discuss 
their desire to return to sport and their pre-injury 
level of activity. In a systematic review and meta- 
analysis, Wiggins et al. found that athletes who 
returned to sport after ACLR had a higher risk of 
ipsilateral graft rupture and contralateral ACL 
rupture (20% secondary ACL injury, 8% ipsilat-
eral, 12% contralateral) compared to those who 
did not return to sport [13]. The re-injury rate was 
even higher in the younger patient cohort, with 
23% of athletes <25 years incurring a secondary 
ACL injury (10% ipsilateral knee and 14% con-
tralateral knee).

 Sports and Activity Level

Soccer and basketball are two of the highest risk 
sports for female athletes with regard to ACL 
injury. Previously, Arendt and Dick evaluated 
ACL injuries in collegiate men’s and women’s 
soccer and basketball programs over a 5  year 
period using the National College Athletic 
Association Injury Surveillance System [1]. The 
authors found that female soccer players had an 
ACL injury rate twice as high as their male coun-
terparts and female basketball players had an 
injury rate three times as high as their male coun-
terparts. In a study by Allen et al., 180 competi-
tive (defined as being injured in a match against 
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an opposing team) female soccer players with a 
mean age of 19 ± 6 years were compared to non- 
soccer female athletes [9]. Those soccer players 
who returned to sport after ACLR were more 
likely to rupture their graft (11% to 1%; p < 0.01) 
as well as sustain a contralateral ACL injury 
(17% vs 4%; p < 0.01) compared to non-soccer 
players. Of the athletes who returned to soccer, 
11% (10/90) sustained a tear of their ACL graft at 
a mean of 24.8 ± 16.3 months [9]. Soccer is one 
of the sports with the highest risk of ACL tear for 
female athletes. Borchers et al. performed a case–

control study of 21 patients with graft failure fol-
lowing ACL reconstruction and 42 age- and 
sex-matched controls to determine if activity 
level after reconstruction and graft type are risk 
factors for ACL graft failure [7]. Activity level 
was measured by Marx activity score with a high 
activity level measured as Marx ≥13 and low 
activity Marx < 12, Marx activity score was col-
lected at the time of the initial injury and follow-
ing graft failure. The authors found a significant 
increase in risk of graft failure with return to 
high-level activity (Marx ≥13) [7].

a b

Fig. 23.1 (a) Preoperative AP radiograph of the right knee. (b) Preoperative lateral radiograph of the right knee
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 Age

Overall, younger age confers a higher risk of sub-
sequent ACL injury, which is likely multi- 
factorial. Magnussen et al. evaluated 256 patients, 
53.1% male (136 male and 120 female patients) 
with a range in age from 11 to 52 years (mean, 
25.0  years; SD, 10.5  years) to determine if 
younger age is a predictor of early graft revision 
[5]. The authors demonstrated that one revision 
was required in 137 patients aged 20  years or 
older (0.7%), but 17 revisions were required in 
119 patients under age 20  years (14.3%) 
(p  >  0.0001). Of the revision patients (7 males 
5.1%, 11 females 9.2%, p = 0.23), 11 were com-
petitive athletes and 7 were recreational athletes. 
Of the 18 (72.2%) athletes, 13 had returned to 
their prior level of sport at an average of 201 days 
post-surgery and 14 (77.7%) reported a traumatic 
re-injury [5].

Young female athletes are especially at risk 
for subsequent ACL injuries. Athletes under the 
age of 25  years have the highest risk for both 
primary and recurrent ACL injury [14]. This 
heightened risk may be due to unmodified risk 
factors that contributed to the first ACL injury 
[14]. Shelbourne et  al. prospectively followed 
up 1415 patients (863 male, 552 female) after 
primary ACL reconstruction to determine if 
patients suffered an injury to either knee within 
5 years after surgery [4]. The authors found that 
the rate of subsequent injuries to the ACL was 
age dependent: 17% for patients younger than 
18 years, 7% for patients aged 18–25 years, and 
4% for patients older than 25 years. Younger age 
may confer a higher risk secondary to higher 
activity level. In a prospective cohort MOON 
study, Kaeding et  al. evaluated risk factors for 
ACL re-tear in 2683 subjects with average age 
of 27  ±  11  years (1498 men; 56%) and with 
varying degrees of sports participation [15]. The 
authors demonstrated that the risk of an ipsilat-
eral ACL re-tear decreased by 0.09 for every 
yearly increase in age.

 Graft Choice

Use of allograft, especially in younger patients, 
has been associated with a higher risk of graft 
failure. Kaeding et al. showed that the odds of 
ipsilateral ACL re-tear were 5.2 times greater 
(p < 0.01) with an allograft compared to ham-
string autograft or bone-patellar tendon-bone 
(BTB) autograft, [15] and this was most signifi-
cant in the younger age group (especially 
younger than age 20). For patients in their mid-
30s, there was no statistically significant differ-
ence in the risk of re-tear between allograft and 
autograft [15]. The use of allograft is not recom-
mended in young athletes. Noojin and Barrett 
evaluated 39 women (average age 23.2  years; 
range, 14–47  years) and 26 men (average age 
29  years; range,13–48  years) who underwent 
quadruple- looped hamstring tendon autograft 
ACL reconstruction using the semitendinosus 
and gracilis tendons. The authors demonstrated 
that there was a higher failure rate among 
females with hamstring autograft compared to 
their male counterparts (sports participation was 
not delineated) [16]. The MOON knee group 
evaluated 770 patients (48% female) aged 
14–22  years who underwent primary ACL 
reconstruction with either BTB autograft or 
hamstring autograft [17]. The authors showed 
that the incidence of ACL graft revision at 
6 years after index surgery was 2.1 times higher 
with a hamstring autograft compared with a 
BTB autograft. Additionally, the authors found 
that young patients who underwent ACLR using 
hamstring autografts were more likely to 
undergo subsequent ACLR in their ipsilateral 
knee (13.0%) compared with those receiving a 
BTB autograft (7.1%) [17]. Therefore, in coun-
seling the female athlete, it is necessary to dis-
cuss their desire to return to sport and to take 
into consideration the sport she is returning to 
when selecting the graft. For young athletes 
who desire to return to cutting or pivoting sports, 
a BTB autograft may be the best option for 
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ACLR [17]. When the ACLR has failed, it is 
important to consider what graft was used in the 
initial surgery as that may limit options for revi-
sion. Wright et al. evaluated 1205 patients (697 
[58%] males) with a median age of 26 years to 
determine the outcomes following revision ACL 
reconstruction using autograft vs allograft (fresh 
frozen with minimal to no radiation) [18]. The 
authors found that at the two-year follow-up, 
patients who underwent ACLR using an auto-
graft were 2.78 times less likely to sustain a sub-
sequent graft rupture compared to patients who 
received an allograft (p = 0.047; 95% CI, 1.01–
7.69). Patients who underwent revision ACLR 
using an autograft also had higher sports func-
tion and activity level, but no difference in activ-
ities of daily living [18].

Graft size can also contribute to the risk of re- 
rupture. In 2012, Magnussen et al. performed a 
retrospective review of 256 patients (136 male 
and 120 female; age range 11–52  years) who 
underwent ACL reconstruction with hamstring 
autograft [5]. The authors found that females 
were more likely to have a graft size of 8 mm or 
smaller, which has been associated with an 
increased revision rate compared to grafts larger 
than 8 mm. This is especially true with hamstring 
autograft. The revision rate increased even more 
when the patient was younger than 20 years old 
with a graft smaller than 8  mm. Revision was 
required in 1 of 22 patients (4.5%) with grafts 
greater than 8 mm in diameter, in 9 of 68 patients 
(13.2%) with grafts equal to 7.5- or 8  mm in 
diameter, and in 7 of 29 patients (24.1%) with 
grafts less than or equal to 7  mm in diameter 
(p = 0.046) [5]. Similarly, Noojin et al. demon-
strated that female patients undergoing ACL 
reconstruction with hamstring autograft had a 
higher failure rate compared to males and aver-
age graft size was 2.5 mm smaller than that for 
the male patients (p < 0.0001) [16].

 Anatomy

Smaller intercondylar notch widths have been 
shown to correlate with a higher incidence of 

non-contact ACL injuries; however, this has not 
been correlated with patient sex [19, 20]. If nar-
row notch width was not addressed during the 
first ACLR, this may contribute to graft failure 
and would need to be addressed in any revision 
surgeries [21, 22]. More recently, posterior tibial 
slope (PTS) has been identified as a factor con-
tributing to the failure of ACLR. In 2013, Webb 
et al. evaluated 181 patients (90 female, 91 male; 
median age 26 years) with isolated ACL ruptures 
who underwent primary ACL reconstruction with 
hamstring tendon autografts [23]. The authors 
found that patients with a PTS of 12° or greater 
(as measured on lateral radiographs) had five 
times greater odds of subsequent ACL injury 
after reconstruction and had an ACL reinjury rate 
of 59%. Christensen et al. evaluated 35 patients 
(21 males, 14 females, mean age 21.3 years) with 
early ACL graft failure (within 2 years of the ini-
tial surgery) and then matched them 1:1 with a 
control group who had undergone ACL recon-
struction with a minimum of 4 years of clinical 
follow-up and no evidence of graft failure [24]. 
The authors found that there was a much larger 
difference in the mean lateral tibial posterior 
slope (LTPS) between female patients and con-
trols (9.1° vs 5.9°, respectively; p = 0.015) and 
the probability of graft failure increased with 
increasing LTPS.  An increase in slope in both 
males and females conferred an increased risk in 
probability of graft failure. Interestingly, females 
had the greatest risk of graft failure with increased 
slope, with a 4° change in the LTPS increasing 
the risk of graft failure nearly 5 times, and a 6° 
change resulting in over 10 times the increased 
risk [24].

Ligamentous laxity is also an important con-
sideration for the female athlete. Akhtar et  al. 
studied 139 patients (100 male, 39 female; mean 
age 28  years) undergoing primary ACL recon-
struction, 44 patients (29 males, 15 females; 
mean age 28  years) undergoing revision ACL 
surgery, and a control group of 70 patients with-
out any knee ligament injury [25]. The authors 
found a higher rate of ligamentous laxity among 
those with an ACL injury and those undergoing 
revision ACLR (p  <  0.01). Within the revision 
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group, there was a subgroup who had a failure of 
the original surgery due to “biological failure” 
(no obvious cause for failure) of the primary 
graft. This group had a mean age of 28 years with 
14 males and 9 females and an average Beighton 
score of 4.6. The incidence of generalized liga-
mentous laxity in the revision group as defined 
by the Beighton score was also significantly 
higher than for patients in the primary surgery 
group (4.6 vs 2.9, p = 0.01). All patients in the 
biologic failure group had ACL reconstruction 
performed using autografts, and the cause of fail-
ure was attributed to laxity of the autografts, 
causing insufficiency under load and ultimately 
graft failure [25].

 Readiness to Return to Play (Fig. 23.2)

Female athletes have been shown to have lower 
psychological readiness to return to play com-
pared to their male counterparts. Webster et  al. 

studied a cohort of 635 athletes (389 male, 246 
female; mean age of 28  years) who underwent 
ACLR and had been cleared to return to sport 
(RTS) [26]. The average follow-up time was 
12 months and all athletes completed the Anterior 
Cruciate Ligament–Return to Sport After Injury 
(range 11–24 months). A positive correlation was 
found between psychological readiness and male 
sex and young age (<20 years old). The authors 
found that only 17% of females returned to sport 
versus 30% of males [26]. McPherson et al. evalu-
ated 329 patients (118 females, 211 males with a 
mean age of 25.3 ± 8.7 years) who underwent pri-
mary ACLR between June 2014 and June 2016 
and completed the ACL–Return to Sport After 
Injury (ACL-RSI) (short version) scale before 
their ACLR [27]. They repeated the scale at 
12 months after surgery to assess psychological 
readiness to return to sport. Neither the type of 
sport nor the level of activity was specified. The 
authors found that 52 patients (16%) sustained a 
second ACL injury and trended toward lower psy-
chological readiness at 12 months compared with 
non-injured patients (60.9 vs 67.2 points; 
p = 0.11). Younger (<20 years) patients with an 
ACL injury had significantly lower psychological 
readiness to return to sport than young non-
injured patients (60.8 vs 71.5 points; p  =  0.02) 
[27] . Fear of re-injury is also a common reason 
for not returning to sport after ACL reconstruc-
tion. Kvist et al. studied 62 patients (34 men and 
28 women; mean age 27 years) who underwent 
primary ACL reconstruction [28]. Prior to injury, 
47 patients (76%) were active in contact sports 
such as soccer, handball, ice hockey, floorball, or 
American football. After surgery, only 19 patients 
(31%) were active in the same sports (p < 0.05). 
The authors found that 46% of patients did not 
return to sport and 24% of those cited fear of 
injury as the main contributing factor [28].

 Operative Considerations 
in the Female Athlete

Graft choice is a significant factor in ACLR.  If 
the female athlete already failed an allograft, 
autograft is the recommended choice, especially 

Fig. 23.2 Sagittal MRI image demonstrating a torn ACL 
graft
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in the younger athlete. If the female athlete had a 
hamstring autograft and returned to cutting, piv-
oting sports, then a BTB autograft should be con-
sidered in the revision setting. As previously 
mentioned, a greater posterior tibial slope can 
contribute to an increased incidence of ACL graft 
failure. When planning revision surgery, it is 
important to take this into account. Dejour et al. 
studied nine patients (six men, three women; 
mean age of 28  years) who underwent second 
revision ACL reconstruction combined with tib-
ial de-flexion osteotomy [29]. The authors found 
that all patients had healed osteotomies and sta-
ble knees, and there were no intraoperative or 
postoperative complications. The mean posterior 
tibial slope decreased from 13.2° ± 2.6° (median 
13°; range 12°–18°) preoperatively to 4.4° ± 2.3° 
(median 4°; range 2°–8°) postoperatively [29]. If 
a patient has a PTS >12°, she may benefit from an 
osteotomy to decrease the slope [30]. Other 
alignment issues (coronal malalignment) should 
also be considered in planning revision 
ACLR.  These topics are covered in detail in 
Chaps. 15 and 16.

 Conclusion

The female athlete is a special subset of the popu-
lation and requires unique considerations when 
discussing revision ACL reconstruction. Age, 
level of activity, sport, and graft choice can con-
tribute to the risk of ACL graft failure and it is 
important to take these factors into account when 
counseling patients about revision surgery. In the 
setting of a failed ACLR in a female athlete, it is 
important to discuss goals and to help the female 
athlete understand that return to sport (especially 
cutting and pivoting sports) brings with it an 
increased risk for re-injury. Counseling young 
female athletes on their risk of secondary injury 
is important when considering return to play. 
Additionally, it is important to assess psychologi-
cal readiness to return to sport prior to releasing 
athletes to full activity. In female athletes return-
ing to cutting, pivoting sports, ACL reconstruc-
tion with BTB autograft is recommended.

 Case Presentation

A 17-year-old female cheerleader and gymnast 
with aspirations to cheer in college presented 
with symptoms of right knee instability. She had 
a right knee ACL reconstruction with BTB auto-
graft 1 year prior and was able to return to sport. 
Prior to presentation, she had twisted her knee 
while tumbling and felt her knee shift. The injury 
was associated with swelling and required crutch 
use for 2 days. Her knee felt unstable especially 
with lateral movements and her cheering activity 
was significantly restricted.

Her physical exam showed full range of 
motion with minimal effusion and soft tissue 
swelling. She had a Grade III Lachman and grade 
I anterior drawer. The patient guarded to pivot 
shift testing. The other ligamentous structures in 
the knee were stable.

Radiographic examination showed two metal 
interference screws from the prior ACL recon-
struction with well-maintained joint spaces and 
no acute bony abnormality (Fig. 23.1). There was 
no significant tunnel osteolysis. Alignment was 
neutral and posterior slope was measured at 
approximately 5°. MRI examination showed a 
torn ACL graft with no obvious meniscus tear 
and well-maintained cartilage surfaces 
(Fig. 23.2).

Secondary to her symptomatic instability, she 
and her family elected to undergo revision ACL 
reconstruction with quadriceps tendon autograft. 
As this was a revision reconstruction, a lateral 
extra-articular tenodesis was performed using 
autologous iliotibial band (ITB).

At the time of surgery, the examination under 
anesthesia revealed a positive pivot shift. 
Arthroscopic examination showed that cartilage 
surfaces were intact. There was a small tear in the 
posterior horn of the lateral meniscus that was 
repaired with an all-inside technique. The medial 
and lateral meniscal root attachments were intact 
and there was no ramp lesion present. The femo-
ral tunnel was vertical and a new tunnel was 
made without having to remove the previously 
placed screw (Figs.  23.3 and 23.4). The previ-
ously placed tibial screw was removed and a new 

23 Special Considerations in Female Athletes with Failed ACL Reconstruction



350

tibial tunnel was drilled. The graft had been pre-
pared in standard fashion and measured 9.5 mm 
in diameter and 70 mm in length. The graft was 
fixed on the femoral and tibial sides with suspen-
sory fixation. The knee was placed in full exten-

sion when fixing the graft on the tibial side and 
maximal manual tension was placed on the graft. 
A suture anchor was used as backup fixation on 
the tibial side. Figure  23.5 shows the intra- 
articular position of the quadriceps tendon auto-
graft after fixation.

Extra-articular tenodesis was performed next. 
An incision was made on the lateral side of the 
knee from just proximal to the lateral femoral 
condyle to Gerdy’s tubercle. The middle centi-
meter of the ITB was incised and left attached to 
Gerdy’s tubercle. The proximal portion of the 
graft was whipstitched. A 6  mm socket was 
drilled to accommodate the graft in the area of 
the attachment of the distal Kaplan’s fibers. With 
the knee in 20 degrees of flexion and neutral rota-
tion, the graft was fixed with a 6 mm × 25 mm 
bio-absorbable screw.

Postoperative imaging showed appropriate 
tunnel and hardware placement (Fig. 23.6). Her 
recovery has been uneventful.

Fig. 23.5 Arthroscopic picture of the quadriceps tendon 
autograft after fixation

Fig. 23.4 Arthroscopic picture of the new femoral 
tunnel

Fig. 23.3 Arthroscopic image demonstrating the previ-
ous vertical femoral tunnel

S. N. Harangody et al.



351

References

 1. Arendt E, Dick R. Knee injury patterns among men 
and women in collegiate basketball and soccer: 
NCAA data and review of literature. Am J Sports 
Med. 1995;23(6):694–701.

 2. Prodromos CC, Han Y, Rogowski J, Joyce B, Shi 
K. A meta-analysis of the incidence of anterior cru-
ciate ligament tears as a function of gender, sport, 
and a knee injury-reduction regimen. Arthroscopy. 
2007;23(12):1320–5.

 3. Hewett TE, Myer GD, Ford KR, Heidt RS, Colosimo 
AJ, McLean SG, et  al. Biomechanical measures of 

neuromuscular control and valgus loading of the 
knee predict anterior cruciate ligament injury risk 
in female athletes: a prospective study. Am J Sports 
Med. 2005;33(4):492–501.

 4. Shelbourne KD, Gray T, Haro M. Incidence of subse-
quent injury to either knee within 5 years after anterior 
cruciate ligament reconstruction with patellar tendon 
autograft. Am J Sports Med. 2009;37(2):246–51.

 5. Magnussen RA, Lawrence JTR, West RL, Toth AP, 
Taylor DC, Garrett WE.  Graft size and patient age 
are predictors of early revision after anterior cruci-
ate ligament reconstruction with hamstring autograft. 
Arthroscopy [Internet]. 2012;28(4):526–31. Available 
from: https://doi.org/10.1016/j.arthro.2011.11.024.

a b

Fig. 23.6 (a) Postoperative AP X-ray of the right knee. (b) Postoperative lateral X-ray of the right knee

23 Special Considerations in Female Athletes with Failed ACL Reconstruction

https://doi.org/10.1016/j.arthro.2011.11.024


352

 6. Ahldén M, Samuelsson K, Sernert N, Forssblad M, 
Karlsson J, Kartus J.  The Swedish national anterior 
cruciate ligament register: a report on baseline vari-
ables and outcomes of surgery for almost 18,000 
patients. Am J Sports Med. 2012;40(10):2230–5.

 7. Borchers JR, Pedroza A, Kaeding C.  Activity level 
and graft type as risk factors for anterior cruciate liga-
ment graft failure: a case-control study. Am J Sports 
Med. 2009;37(12):2362–7.

 8. Carson E, Anisko E, Restrepo C, Panariello R, 
O’Brien S, Warren R. Revision anterior cruciate liga-
ment reconstruction – etiology of failures and clinical 
results. J Knee Surg. 2010;17(03):127–32.

 9. Allen MM, Pareek A, Krych AJ, Hewett TE, Levy 
BA, Stuart MJ, et  al. Are female soccer players at 
an increased risk of second anterior cruciate liga-
ment injury compared with their athletic peers? Am J 
Sports Med. 2016;44(10):2492–8.

 10. Salmon L, Russell V, Musgrove T, Pinczewski 
L, Refshauge K.  Incidence and risk factors for 
graft rupture and contralateral rupture after ante-
rior cruciate ligament reconstruction. Arthroscopy. 
2005;21(8):948–57.

 11. Webster KE, Feller JA. Expectations for return to pre-
injury sport before and after anterior cruciate ligament 
reconstruction. Am J Sports Med. 2019;47(3):578–83.

 12. Tan SHS, Lau BPH, Khin LW, Lingaraj K.  The 
importance of patient sex in the outcomes of anterior 
cruciate ligament reconstructions. Am J Sports Med. 
2016;44:242–54. SAGE Publications Inc.

 13. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D, 
Webster KE, Myer GD. Risk of secondary injury in 
younger athletes after anterior cruciate ligament recon-
struction. Am J Sports Med. 2016;44(7):1861–76.

 14. Schilaty ND, Nagelli C, Bates NA, Sanders TL, Krych 
AJ, Stuart MJ, et al. Incidence of second anterior cru-
ciate ligament tears and identification of associated 
risk factors from 2001 to 2010 using a geographic 
database. Orthop J Sports Med. 2017;5(8):1–8.

 15. Kaeding CC, Pedroza AD, Reinke EK, Huston LJ, 
Spindler KP.  Risk factors and predictors of subse-
quent ACL injury in either knee after ACL recon-
struction: prospective analysis of 2488 primary ACL 
reconstructions from the MOON cohort. Am J Sports 
Med. 2015;43(7):1583–90.

 16. Noojin FK, Barrett GR, Hartzog CW, Nash 
CR. Clinical comparison of intraarticular anterior cru-
ciate ligament reconstruction using autogenous semi-
tendinosus and gracilis tendons in men versus women. 
Am J Sports Med. 2000;28(6):783–9.

 17. Spindler KP, Huston LJ, Zajichek A, Reinke EK, 
Amendola A, Andrish JT, et  al. Anterior cruciate 
ligament reconstruction in high school and college- 
aged athletes: does autograft choice influence anterior 
cruciate ligament revision rates? Am J Sports Med. 
2020;48(2):298–309.

 18. Wright RW. Effect of graft choice on the outcome of 
revision anterior cruciate ligament reconstruction in 
the multicenter ACL revision study (MARS) cohort. 
Am J Sports Med. 2014;42(10):2301–10.

 19. Laprade RF, Burnett QM.  Femoral intercondylar 
notch stenosis and correlation to anterior cruciate lig-
ament injuries: a prospective study. Am J Sports Med. 
1994;22(2):198–203.

 20. Shelbourne KD, Davis TJ, Klootwyk TE.  The rela-
tionship between intercondylar notch width of the 
femur and the incidence of anterior cruciate liga-
ment tears: a prospective study. Am J Sports Med. 
1998;26(3):402–8.

 21. Anderson AF, Dome DC, Gautam S, Awh MH, 
Rennirt GW. Correlation of anthropometric measure-
ments, strength, anterior cruciate ligament size, and 
intercondylar notch characteristics to sex differences 
in anterior cruciate ligament tear rates. Am J Sports 
Med. 2001;29(1):58–66.

 22. Burnham JM, Herbst E, Pauyo T, Pfeiffer T, Johnson 
DL, Fu FH, et al. Technical considerations in revision 
anterior cruciate ligament reconstruction for opera-
tive techniques in orthopaedics. Oper Tech Orthop 
[Internet]. 2017;27(1):63–9. Available from: https://
doi.org/10.1053/j.oto.2017.01.012.

 23. Webb JM, Salmon LJ, Leclerc E, Pinczewski LA, 
Roe JP.  Posterior tibial slope and further anterior 
cruciate ligament injuries in the anterior cruciate 
ligament-reconstructed patient. Am J Sports Med. 
2013;41(12):2800–4.

 24. Christensen JJ, Krych AJ, Engasser WM, Vanhees 
MK, Collins MS, Dahm DL. Lateral tibial posterior 
slope is increased in patients with early graft failure 
after anterior cruciate ligament reconstruction. Am J 
Sports Med. 2015;43(10):2510–4.

 25. Akhtar MA, Bhattacharya R, Keating JF. Generalised 
ligamentous laxity and revision ACL surgery: is 
there a relation? Knee [Internet]. 2016;23(6):1148–
53. Available from: https://doi.org/10.1016/j.
knee.2015.11.006.

 26. Webster KE, Nagelli CV, Hewett TE, Feller JA. Factors 
associated with psychological readiness to return to 
sport after anterior cruciate ligament reconstruction 
surgery. Am J Sports Med. 2018;46(7):1545–50.

 27. McPherson AL, Feller JA, Hewett TE, Webster 
KE. Psychological readiness to return to sport is asso-
ciated with second anterior cruciate ligament injuries. 
Am J Sports Med. 2019;47(4):857–62.

 28. Kvist J, Ek A, Sporrstedt K, Good L. Fear of re-injury: 
a hindrance for returning to sports after anterior cru-
ciate ligament reconstruction. Knee Surg Sports 
Traumatol Arthrosc. 2005;13(5):393–7.

 29. Dejour D, Saffarini M, Demey G, Baverel L. Tibial 
slope correction combined with second revision 
ACL produces good knee stability and prevents 
graft rupture. Knee Surg Sports Traumatol Arthrosc. 
2015;23(10):2846–52.

 30. Southam BR, Colosimo AJ, Grawe 
B.  Underappreciated factors to consider in revi-
sion anterior cruciate ligament reconstruction: a 
current concepts review. Orthop J Sports Med. 
2018;6(1):1–11.

S. N. Harangody et al.

https://doi.org/10.1053/j.oto.2017.01.012
https://doi.org/10.1053/j.oto.2017.01.012
https://doi.org/10.1016/j.knee.2015.11.006
https://doi.org/10.1016/j.knee.2015.11.006


353© Springer Nature Switzerland AG 2022 
M. J. Alaia, K. J. Jones (eds.), Revision Anterior Cruciate Ligament Reconstruction, 
https://doi.org/10.1007/978-3-030-96996-7_24

Outcomes After Revision Anterior 
Cruciate Ligament Reconstruction

Eoghan T. Hurley, Bogdan A. Matache, 
Mehul Shah, and Kirk A. Campbell

 Introduction

Rupture of the anterior cruciate ligament (ACL) 
is one of the most common injuries in the knee, 
with reported age and sex adjusted incidences of 
68.6 per 100,000 person-years in the general 
population and peak incidences of 215 per 
100,000 person-years in the young athletic popu-
lation [1]. ACL reconstruction (ACLR) has 
become the gold standard of treatment to restore 
knee stability, improve function, and allow for a 
high likelihood of return to play after an ACL 
tear. However, despite the advances in surgical 
technique, graft options, and rehabilitation proto-
cols, rates of ipsilateral re-tear typically range 
from 3.8% to 10% [2]. The majority of re-tears 
occur within the first 2 years after the index pro-
cedure and do so as a result of a number of iden-
tifiable factors, and these patients may eventually 
require a revision ACLR [3].

Clinical outcomes after revision ACLR have 
been shown to be inferior, and re-rupture rates are 
higher as compared to primary reconstruction 
[4]. These patients often have associated pathol-
ogy that needs to be addressed at the time of revi-
sion surgery, including meniscal insufficiency, 
unrecognized posterolateral corner injury, osteo-

chondral injury, and excessive posterior tibial 
slope [5–7]. The additional procedures required 
to treat this associated pathology increase the 
complexity of the reconstruction and postopera-
tive rehabilitation regimen, which partially 
accounts for the inferior outcomes observed in 
this population.

An important aspect of revision ACLR is set-
ting realistic patient expectations prior to surgery. 
This can be achieved through a thorough under-
standing of the literature, which allows for appro-
priate patient counseling. This chapter will 
review the expected clinical outcomes after revi-
sion ACLR.

 Outcomes: Re-rupture Rate

Re-rupture of a revision ACLR can be a devastat-
ing problem for patients who have already 
endured two surgical procedures and separate 
lengthy rehabilitation programs. The rate of graft 
re-rupture after a revision ACLR is three to four 
times higher than that of a primary ACLR and 
approaching 25% overall based on mid-term 
follow- up data [4, 8]. Patients who have had a 
failed revision ACLR often present with a higher 
rate of associated intra-articular pathology [5], 
which reduces their likelihood of experiencing 
an excellent outcome after re-revision ACLR 
and increases their risk of long-term arthritic 
change.
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Several systematic reviews with mid-term 
follow-up have been published comparing revi-
sion to primary ACLR, and all have shown infe-
rior outcomes after revision reconstruction [4, 8, 
9]. Grassi et al. [4] compared the two procedures 
in a meta-analysis and found worse International 
Knee Documentation Committee (IKDC) and 
Lysholm scores and a higher failure rate and rate 
of arthritic development in patients who under-
went a revision procedure. These results were 
both statistically and clinically significant. In 
their systematic review, the same authors found a 
>10% overall re-rupture rate at 5 years after revi-
sion ACLR, with one third of studies actually 
reporting a rate of >25%. Furthermore, arthritic 
changes were seen in up to 92% of patients. 
Additionally, they found a higher incidence of 
complications such as anterior knee pain, knee 
stiffness, and harvest-related fracture of the 
patella as compared to primary ACLR.

The Multi-Centre ACL Revision Study 
(MARS) group [10], which has 10-year follow-
 up data on the largest series of ACL revisions in 
the literature, demonstrated that 2-year patient- 
reported outcomes after revision ACLR were 
positively correlated with baseline scores, male 
sex, and time elapsed from previous ACLR. In 
contrast, predictors of poor outcome after revi-
sion surgery included prior lateral meniscec-
tomy and the presence of grade 3/4 chondrosis 
in either the trochlear groove or the medial tibial 
plateau.

 Outcomes: Return to Play

There is scant literature on the topic of return to 
play after revision ACLR. In a systematic review, 
Glogovac et al. [11] were only able to identify 13 
studies totaling 1160 patients that reported on 
this outcome after revision ACLR.  The authors 
found that 56–100% of patients were able to 
return to play, but only 13–69% were able to 
return to their pre-injury level of participation. A 
similar systematic review by Grassi et  al. [12] 
reported an 85.3% pooled rate of return to play, 
defining this as return to any sporting activity at 

any level. However, when considering a return to 
pre-injury level of participation, the rate was only 
53.4%. This highlights that while patients may be 
able to return to their sport of choice after a revi-
sion ACLR, they may be physically or psycho-
logically limited in their ability to perform at 
their previous level [13].

Several studies have identified factors which 
may be associated with increased rates of suc-
cessful return to play after revision ACLR, 
namely, young age and autograft use. Anand 
et al. [14] found that patients under 25 years old 
were twice as likely to be able to return to their 
pre-injury level of sport. Additionally, Webster 
et al. [15] showed that patients younger than 25 
had significantly higher rates of return to play 
than older patients, with almost two thirds of 
those under 25 able to return to their pre-injury 
level. However, there does also appear to be an 
age threshold below which patients have a lower 
rate of return to play, as demonstrated by 
Christino et al. [16] who found a less than 40% 
rate of return to pre-injury level of play in pediat-
ric patients. This may be as a result of a number 
of factors, including skeletal immaturity and psy-
chological non-readiness [17].

The second factor that has been shown to 
affect the rate of return to play after revision 
ACLR is graft choice. Studies have demonstrated 
higher rates of return to play with autograft as 
compared to allograft use; however, this may be 
confounded by the fact that autograft use is more 
prevalent in younger patients as compared to 
older patients undergoing revision ACLR. Keizer 
et al. [18] compared autograft to allograft bone- 
patella- tendon-bone (BPTB) graft choice in revi-
sion ACLR and found a significantly higher rate 
of return to play with autograft use. Similarly, 
Legnani et al. [19] compared autograft to allograft 
hamstring tendon graft choice and showed a 
quicker time to return to play in the autograft 
group, but no significant difference in the overall 
rate of return to play. Glogovac et al. [11] noted 
in their systematic review that the four studies 
with the highest rate of return to play at preinjury 
levels (67–69%) used autograft, whereas the two 
studies with the lowest rates of return (17–40%) 
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used allograft. They concluded that autograft use 
may be associated with superior return to play 
metrics after revision ACLR.

 Outcomes: Graft Choice

As with primary ACLR, the choice of graft for 
revision surgery can play a major role in patient 
outcomes. However, in contrast to primary 
 reconstruction, autograft options may be limited 
depending on what grafts were previously har-
vested. In addition, the presence of tunnel dila-
tion may obviate the use of an autograft and 
instead necessitate the use of a larger graft, such 
as an Achilles allograft. Considerations such as 
these are important and unique to patients under-
going revision ACLR.

Grassi et  al. [20] evaluated the literature on 
graft choice in the setting of revision ACLR and 
found that autografts performed significantly bet-
ter than allografts with improved knee laxity and 
lower failure rates and reoperation rates. 
Furthermore, they found that irradiated allografts 
performed worse than non-irradiated ones. These 
findings mirror those seen after primary 
ACLR. Similarly, the MARS group evaluated the 
effect of graft choice on outcomes and found that 
the use of autograft reduced the risk of recurrence 
by three-fold as compared to allograft. 
Additionally, they showed that patients treated 
with a hamstring tendon autograft fared better in 
terms of recurrence than those who received a 
BPTB autograft, although this may be con-
founded by the significant differences in patient 
demographics between groups.

Despite an improved understanding of how to 
best perform revision ACLR and treat associated 
pathologies, there still exists a lack of compara-
tive and high-level studies comparing graft 
options in this population. Furthermore, emerg-
ing graft options such as the distal quadriceps 
tendon have shown promise in the revision set-
ting but have not been extensively studied in the 
literature [21]. Further research is required to bet-
ter guide surgical decision-making with regard to 
graft selection during revision ACLR.

 Outcomes: Staging

The decision to stage a revision ACLR is depen-
dent on a number of factors, including previous 
tunnel placement and tunnel width. LaPrade et al. 
[22] compared the outcomes of 88 patients who 
underwent revision ACLR in either single stage or 
two stages. Their criteria for staging were a tunnel 
diameter greater than 14 mm or unavoidable mal-
positioned tunnels (Fig. 24.1). They found no sig-
nificant differences in terms of the failure rate, 
patient-reported outcomes, or patient satisfaction 
scores between groups at a mean follow- up of 
3 years. Specifically, 6.1% of patients who had a 
staged ACLR experienced a graft re- tear during 
that period, as opposed to 10.3% of those who 
were treated in a single stage. Given these find-
ings and the fact that patients who undergo a two-
staged procedure are subjected to two separate 
anesthetics and lengthy rehabilitation programs, 
most surgeons advocate performing revision 
ACLR in a single stage whenever possible.

Fig. 24.1 Malpositioned tunnels
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 Outcomes: Concomitant Procedures

 Lateral Extra-articular Augmentation

Extra-articular augmentation of the lateral side of 
the knee is an old concept that has been recently 
reintroduced as a means of reducing the  recurrence 
rates after primary and revision ACLR. Different 
techniques for achieving this exist, with the two 
most commonly studied ones being the lateral 
extra-articular tenodesis (LET) or modified 
Lemaire procedure and the anterolateral ligament 
(ALL) reconstruction. Although the literature is 
still inconclusive as to which patients most benefit 
from the addition of either of these procedures to 
a revision ACLR, commonly reported indications 
include a high-grade preoperative pivot shift test, 
a desire to return to high- risk sports, and ligamen-
tous laxity with associated knee recurvatum [23].

In a LET, a distally based strip of the central 
portion of the iliotibial band is harvested, passed 
deep to the lateral collateral ligament, and fixed 
just proximal and posterior to the lateral epicon-
dyle (Fig. 24.2). It functions both as a checkrein 

to internal rotation of the tibia on the femur and 
in protecting the ACL.  Given the relative low 
morbidity of performing this procedure, many 
surgeons are increasingly advocating for its use 
in the setting of revision ACLR to reduce the risk 
of recurrence in this high-risk population. Grassi 
et al. [24] performed a systematic review on this 
subject and identified 12 studies with 851 patients 
included. They found a failure rate of the com-
bined procedure of only 3.6% at 5-year follow-
 up, which is significantly less than what has been 
reported in the literature for patients undergoing 
revision ACLR in isolation. Additionally, 74% of 
patients were able to return to play, but only 41% 
were able to do so at their previous level of par-
ticipation. Furthermore, the complication rate 
was low (1.9%), and most were of the minor vari-
ety, such as hematoma. In a recent landmark clin-
ical trial, Getgood et  al. [23] evaluated the 
addition of a LET to primary ACLR using ham-
string tendon autograft in a high-risk patient pop-
ulation and showed a significantly reduced 
re-rupture rate in the intervention group at 2 years 
after surgery (25% vs. 40%). However, such 
studies are lacking in the context of revision 
ACLR.

In contrast to LET, ALL reconstruction uti-
lizes a free tendon graft to augment the lateral 
side of the knee and requires the creation of an 
additional tunnel on the tibia for distal fixation. 
Several authors have examined the effect of add-
ing an ALL reconstruction in the setting of revi-
sion ACLR. Lee et al. [25] compared 45 patients 
who underwent combined revision ACL and ALL 
reconstruction to a control group of 42 patients 
who underwent revision ACLR alone. They 
found significantly reduced rotational laxity and 
higher rate of return to play in the intervention 
group at 38.2 months after surgery.

 High Tibial Osteotomy

High tibial osteotomy (HTO) is indicated in the 
setting of revision ACLR for patients with coro-
nal plane malalignment, excessive sagittal plane 
posterior tibial slope, or medial meniscal 
insufficiency.Fig. 24.2 Lateral extra-articular tenodesis
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Coronal plane alignment is one of the most 
important factors to consider in the context of 
revision ACL surgery. Anatomical alignment of 
the knee is defined as 5–7° of valgus, with the 
mechanical axis line of the lower extremity pass-
ing just medial to the lateral tibial spine [26]. 
Failure to address significant or asymmetric varus 
in the setting of ACLR has been shown to result 
in a higher incidence of graft re-rupture due to 
the supraphysiologic and non-anatomic stresses 
experienced by the graft [27]. This is commonly 
achieved through either a medial opening wedge 
(MOW) or lateral closing wedge (LCW) osteot-
omy of the proximal tibia (Fig. 24.3).

Excessive posterior tibial slope, defined as 
greater than 12° on a perfect lateral projection of 
the tibial plateau, has been shown to cause 

increased anterior tibial translation relative to the 
femur [27]. This, in turn, imparts excessive force 
on the ACL which, in the setting of revision, 
increases the re-rupture risk. Gupta et  al. [28] 
performed a systematic review on combined revi-
sion ACLR and HTO, with 7 studies and 77 
patients included. Overall, there were no failures 
reported with this approach, and 88% of patients 
demonstrated a negative pivot shift post- 
operatively. Furthermore, despite the higher inci-
dence of arthrofibrosis known to occur with 
combined procedures in the knee, only one reop-
eration consisting of an arthroscopic lysis of 
adhesions for knee stiffness was reported in the 
included studies. Additionally, the authors found 
a paucity of data on the rate of return to play after 
combined ACLR and HTO, with only seven ath-
letes’ outcomes being reported and six having 
successfully returned to play.

The role of the posterior horn of the medial 
meniscus as a secondary stabilizer against inter-
nal rotation of the tibia relative to the femur has 
been well established [29]. In patients with com-
bined ACL and medial meniscal insufficiency, 
failure to address the medial compartment has 
been shown to result in persistent posteromedial 
rotatory instability, which imparts excessive 
force on the reconstructed ACL and increases the 
risk of re-rupture [29]. Means of correcting this 
include performing a concomitant meniscal 
allograft transplantation (MAT) of the medial 
meniscus, which is discussed in detail below, 
and/or a valgus-producing HTO.  A valgus- 
producing HTO reduces the effects of a deficient 
posterior horn of the medial meniscus by shifting 
the weight-bearing line away from the medial 
compartment. However, it is important to note 
that unless there is concomitant asymmetric 
varus malalignment present, the weight-bearing 
line should not be shifted as far as Fujisawa’s 
point, as patients will perceive this drastic unilat-
eral change in knee alignment.

 Meniscal Allograft Transplantation

Meniscal allograft transplantation (MAT) is per-
formed in the setting of revision ACLR in 

Fig. 24.3 Post-operative X-ray showing HTO alongside 
ACLR
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patients with symptomatic meniscal insuffi-
ciency (Fig. 24.4). Meniscal insufficiency can be 
a cause of pain and can contribute to rotational 
stability of the knee. There is a linear relation-
ship between meniscus removed and the contact 
stresses in the knee joint, with total meniscec-
tomy having been shown to increase peak con-
tact stresses by 235% [30]. In those with 
meniscal insufficiency, they have been shown to 
result in poor long-term outcomes and increased 
risk of osteoarthritis [31]. Thus, meniscal 
allograft transplantation (MAT) can be utilized 
in those with meniscal insufficiency to restore 
normal tibiofemoral contact pressures [32].

Zaffagani et  al. [33] evaluated 18 patients 
undergoing combined revision ACLR and MAT, 
at a mean of 4 years follow-up. They found a sig-
nificant reduction in pain and improvement in 
functional outcome scores, with a high patient 
satisfaction rate, with better outcomes in those 
with medial MAT than lateral. Overall, 13 
patients were able to return to play, and only 1 of 
the 5 that were unable to return was unable to do 
so as a result of residual symptoms. Additionally, 
four patients required further surgery: two for 
meniscal graft failure, one of which was treated 
with a HTO, and two for persistent pain.

 Outcomes: Re-revision ACLR

There is limited literature reporting on the out-
comes of re-revision ACLR.  Liechti et  al. [34] 
performed a systematic review in 2016 on the 
subject and identified only 6 studies with 214 
patients included. Overall, they found that while 
the majority of patients had successful outcomes 
after re-revision ACLR, the patient-reported out-
comes were inferior compared to primary 
ACLR. Specifically, the re-rupture rate after re- 
revision ACLR was shown to equal 15%, but the 
numbers were too low to identify independent 
risk factors for failure. However, based on the 
evidence gathered from revision ACL literature, 
anatomical factors such as notch morphology and 
tibial slope may play a role in recurrent ACL 
tears if these are not appropriately addressed at 
the time of surgery.

In a retrospective cohort study, Chen et al. [7] 
compared patients undergoing revision and re- 
revision ACLR and found significant differences 
in terms of the mechanism of injury inducing the 
re-tears. In the first-time revision reconstruction 
group, the most common mechanism of re-tear 
was a traumatic incident. Conversely, in the re- 
revision group, the most common mechanism 
was an atraumatic re-tear. They also showed that 
those undergoing re-revisions also required a 
higher rate of staging procedures to address 
excessive tunnel dilation. This may be due to the 
fact that patients with multiply-revised ACL tears 
are likely to have associated pathologies and/or 
anatomical risk factors that were unaddressed at 
the time of previous surgery that place them at 
high risk of re-rupture with normal activities of 
daily living. Overall, they found those undergo-
ing re-revision ACLR had lower activity levels at 
final follow-up. Wegryzn et al. [35] found signifi-
cantly higher rates of severe articular degenera-
tion and meniscal after re-revision ACLR. They 
found that these factors strongly correlated with 
negative outcomes and may explain the worse 
outcomes with re-revision ACL.

Fig. 24.4 Meniscal allograft transplantation
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 Conclusion

Revision anterior cruciate ligament reconstruc-
tion is one of the most challenging entities to 
treat for the practicing sports medicine surgeon. 
While advancements in terms of graft choice, 
surgical technique and implants, and rehabilita-
tion have resulted in improved outcomes in this 
population, re-rupture rates remain elevated as 
compared to primary reconstruction. A 
 heightened level of suspicion about the presence 
of associated pathologies and anatomical abnor-
malities is important when treating these patients, 
as is setting appropriate patient expectations prior 
to surgery. Further research into this field will 
help refine indications and improve outcomes 
after revision anterior cruciate ligament 
reconstruction.
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