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We are very proud to introduce this new book on the management of complex 
knee injuries, which still represent a clinical challenge for the orthopaedic 
surgeon. Complex knee injuries are not frequent but have a high socioeco-
nomic impact and often imply knee residual functional deficits. The impact is 
especially high in professional athletes has it may imply an early end of the 
sportive career. Thus, managing correctly these injuries is crucial to decrease 
the risk of these residual deficits and prevent the early development of knee 
osteoarthritis. Thus, to correctly treat these complex knee injuries—which 
should follow treatment algorithms and be individualized to the patients and 
injury characteristics—the orthopaedic surgeon must understand the correct 
knee normal anatomy and pathomechanics, know the available diagnosis 
options, identify associated injuries and accurately measure any deficits to 
perform an informed decision of which is the most suitable treatment. Many 
recent innovations have emerged for the treatment of knee injuries that will 
equip the orthopaedic surgeon with a different and effective arsenal of man-
agement options to provide the patients with the best possible treatment.

Finally, we want to thank all who have contributed in this great team work: 
the contributors first, who made this book so powerful by sharing their skills 
and knowledges; the Springer staff, who helped us in preparing the book in 
the best way possible; and Dr. Gaetano Lo Bue, MD, who was behind the 
work of the editors in a restless way, and a special thanks to ISAKOS who 
made possible to bring this project to life.

We hope that the readers will enjoy the content of this book, as we did 
while preparing.

Rome, Italy  Fabrizio Margheritini 
Porto, Portugal  João Espregueira-Mendes 
Milan, Italy  Alberto Gobbi 
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Knee Dislocations: Classification 
and Treatment Algorithm

Dinshaw N. Pardiwala, Sanjay Soni, 
and Alhad Raut

1.1  Introduction

Knee dislocations are defined as clinical or radio-
logical loss of tibiofemoral congruity. Since 
many knee dislocations reduce spontaneously 
and are associated with multiple ligament tears, 
multi-ligament injuries are now synonymous 
with knee dislocations. Although knee disloca-
tions account for less than 0.02% of all orthope-
dic injuries in the general population [1] and less 
than 0.5% of all joint dislocations [2], these are 
complex injuries associated with serious short- 
term complications like neurovascular injuries 
and long-term consequences such as persistent 
residual instability and degenerative joint dis-
ease. Over the years the treatment of knee dislo-
cations has evolved from nonoperative treatment 
to surgical repair and reconstruction, which has 
now been shown to yield better results. The het-
erogeneity, relatively rarity, and serious nature of 
these injuries have prevented consensus of treat-
ment. Controversies still exist on the timing of 
surgery, need for ligament repair, augmentation, 
or reconstruction, single-stage or two-stage sur-
gery, use of autografts or allografts for recon-
struction, and postoperative rehabilitation 
protocols. Over the past ten years, our service has 
treated and prospectively analyzed 93 knee dislo-
cations, and this experience forms the basis for 
the treatment algorithm proposed in this chapter.

1.2  Classification

Knee dislocations can be classified based on 
either the direction of tibial displacement relative 
to the femur (Kennedy position classification 
system) or the ligaments disrupted in the process 
(Schenk anatomic classification system).

The Kennedy system classifies knee disloca-
tions into anterior, posterior, lateral, medial, and 
rotatory [3] (Table  1.1). Rotatory dislocations 
were later subclassified into anteromedial, 
anterolateral, posteromedial, and posterolateral. 
Although this classification system is well estab-
lished, is useful in determining the reduction 
maneuver needed, and correlates to potential 
associated injuries, it has limitations. Often knee 
dislocations are spontaneously reduced prior to 
medical evaluation and, hence, unclassifiable by 
the position system. Secondly, this system only 
suggests likely ligamentous involvement, and the 
many possible combinations of cruciate and col-
lateral ligament disruptions are not defined.

Hence, Schenck classified knee dislocations 
in terms of ligaments involved (Table 1.2), and 
this is best done during the time of presentation 
or during examination under anesthesia [4]. This 
anatomic classification system describes the lig-
aments torn and is useful in deciding treatment. 
The higher the number, the more severe the 
injury. Thus a classification of KD3LCN denotes 
a bicruciate injury with torn LCL and posterolat-
eral corner, and an injury of the popliteal artery, 
and neural injury (most commonly, peroneal 
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Table 1.1 Kennedy “position” classification system for knee dislocations

Anterior • Most frequent, 40%
• Mechanism: hyper extension
• No medial or lateral ligament damage
• Sometimes intact PCL
• Vascular damage common

Posterior • Common type, 30%
• Mechanism: direct posterior drawer
• Sometimes ACL intact
• Vascular damage at times

Medial/lateral • Rare occurrence if pure
•  Most of the time posteromedial or 

posterolateral
• ACL + PCL always torn
• Vascular damage if posterior
• Nerve damage common

Rotatory • Rare occurrence
• Associated with high-velocity trauma
• Complex associated lesions
•  May be irreducible due to soft tissue 

interposition

D. N. Pardiwala et al.
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nerve). This classification system allows for 
accurate discussion of injuries and allows for 
comparison of like injuries in the wide spectrum 
of knee dislocations. This classification, how-
ever, does not include extensor apparatus inju-
ries that are sometimes seen with knee 
dislocations.

1.3  Treatment Algorithm and Its 
Rationale

1.3.1  Acute Knee Dislocations

Patients may present with a dislocated knee 
(Fig. 1.1a) or a spontaneously reduced knee fol-
lowing a dislocation. All severe knee injuries sus-
tained in motor vehicular accidents, contact 
sports, combat sports, and high-speed sports such 
as gymnastics and skating should be viewed with 
suspicion as these may be spontaneously reduced 
knee dislocations and can be associated with neu-
rovascular complications. Any high-energy 
injury or polytrauma should be first managed 
with standard advanced trauma life support pro-
tocols to rule out and manage other injuries like 
brain concussion and head injury. Grossly 
deformed limbs should be gently repositioned. 
Often this itself reduces the joint. No attempt at 
formal reduction of the joint at the accident site 
or on the sports field should be attempted prior to 
confirming the radiographic status of the knee 

unless the deformity is severely compromising 
the skin and soft tissues. Limb perfusion and neu-
rological status of the knee should be evaluated.

In the acute setting, after limb perfusion is 
confirmed, an immediate radiograph should be 
performed (Fig. 1.1b) to understand the type of 
dislocation and whether there is any associated 
fracture. The dislocation should then be reduced 
under anesthesia on an emergency basis. 
Usually, traction followed by gentle extension is 
all that is required to achieve reduction; how-
ever, this would be dictated by the type and 
direction of dislocation. Following reduction, a 
detailed examination under anesthesia of knee 
ligament stability should be performed. The 
Lachman’s test (ACL), posterior sag and poste-
rior drawer test (PCL), valgus stress test (MCL), 
varus stress test (LCL), and dial test (PLC) usu-
ally suffice in the acute testing. The other tests, 
which involve a greater degree of manipulation 
of the knee, are not warranted. If the knee is not 
grossly unstable and there is no indication for 
emergency intervention, the knee is immobi-
lized in full extension a long knee brace. If the 
knee is extremely unstable or dislocates after 
reduction, then temporary external fixation may 
be required. At times, the knee may require 
immobilization in 20° of flexion to avoid poste-
rior subluxation of the tibia due to an incompe-
tent posterior capsule [5].

After reduction in the emergency room, it is 
advisable to get anteroposterior and lateral radio-
graphs to confirm joint reduction, identify avul-
sion fractures around the knee, and assess the 
need for associated fracture surgery. In the pres-
ence of fractures, further evaluation with a CT 
scan may be useful. An MRI is mandatory in 
knee dislocations to determine the extent of soft 
tissue injury and characterize the injury to the 
ligaments and muscles-tendons [6]. This signifi-
cantly aids in surgical planning and should be 
done early in the treatment process. Stress radi-
ography may be considered in select cases to 
document the extent of ligamentous laxity. 
Regular monitoring of the distal pulsations and 
ABI (ankle brachial index) (measured as ankle 

Table 1.2 Schenck anatomic classification system for 
knee dislocations

Type Description
KD1 Knee dislocation with either cruciate intact
KD2 Bicruciate injury with collaterals intact
KD3 Bicruciate injury with one collateral ligament 

injury
•  KD3M—Bicruciate injury with medial-

sided ligament injury
•  KD3L—Bicruciate injury with 

posterolateral ligament injury
KD4 Bicruciate injury with both collateral 

ligament injury
KD5 Periarticular fracture dislocation

Associated injuries: C arterial injury, N neural injury

1 Knee Dislocations: Classification and Treatment Algorithm
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a

d e

b

c

Fig. 1.1 Acute knee dislocation following a motorcycle 
accident. KD3LN-type injury. (a) Clinical presentation; 
(b) immediate radiograph prior to closed reduction under 
anesthesia; (c) MRI defines tears of the PLC, ACL, and 

PCL with an intact MCL; (d) the patient underwent a two- 
stage surgical procedure—stage 1 included early open 
PLC repair with peroneal nerve neurolysis followed by 
stage 2 arthroscopic bicruciate reconstruction (e)

D. N. Pardiwala et al.
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systolic blood pressure/arm systolic blood pres-
sure) should be done in acute setting for at least 
72 h. Any fall of the ABI below 0.9 is an indica-
tion for angiography. Many centers advocate rou-
tine vascular studies for any multiple ligament 
injured knee. The treatment algorithm for knee 
dislocations that present in the acute phase is 
elaborated in Table 1.3.

1.3.1.1  Emergency Surgical 
Intervention in the Acute 
Dislocated Knee

The indications for emergency surgical interven-
tion in the acute phase [7] are as follows.

 1. Irreducible knee dislocation—Soft tissue or 
bony incarceration is the usual cause for irre-
ducibility following a knee dislocation. A 
posterolateral knee dislocation with MCL 

invagination causing medial femoral condyle 
buttonholing is well described (Fig.  1.2). 
There is a skin dimple on the anteromedial 
aspect at the level of the joint. This becomes 
prominent when the knee is extended as the 
MCL is sucked into the joint. We have also 
encountered popliteus muscle interposition 
causing irreducibility in a patient with a 
KD3LN type of injury (Fig. 1.3) and a dis-
placed tibial eminence fracture causing irre-
ducibility in a KD5 type of injury. All 
irreducible knee dislocations warrant urgent 
open reduction. Extra-articular repair of torn 
collaterals and the extensor apparatus should 
be completed at this first stage. Bony avul-
sion repair of cruciates may be performed at 
this stage; however, we do not recommend 
ACL/PCL reconstruction in the emergency 
setting.

Table 1.3 The surgical algorithm for knee dislocations that present in the acute phase. Although specific indications 
warrant emergency surgical treatment, most patients require elective single-stage or staged ligament surgery

OR

OR

Reduction (if not already spontaneously reduced)

Clinical evaluation & radiographs

ACUTE KNEE DISLOCATION / MULTIPLE LIGAMENT DEFICIENT KNEE

EMERGENCY OPERATIVE
 TREATMENT

KNEE DISLOCATION 
ASSOCIATED 

WITH VASCULAR DEFICIT

SINGLE STAGE OPEN 
REPAIR/AUGMENTED

REPAIR OF COLLATERAL 
LIGAMENTS AND

RECONSTRUCTION OF 
CRUCIATE LIGAMENTS  

STAGED LIGAMENT SURGERY : 
ACUTE PHASE OPEN 

REPAIR/AUGMENTED REPAIR OF 
COLLATERAL LIGAMENTS 

FOLLOWED BY SUBSEQUENT 
SECOND STAGE ARTHROSCOPIC

RECONSTRUCTION OF 
CRUCIATE LIGAMENTS

KNEE DISLOCATION ASSOCIATED 
WITH COMPARTMENT SYNDROME 

IRREDUCIBLE 
KNEE DISLOCATION

OPEN KNEE DISLOCATION

VASCULAR REPAIR + 
COLLATERAL LIGAMENT

AND CAPSULAR REPAIR ± 
EXTERNAL FIXATOR 

COMPARTMENT RELEASE 
+ IMMOBILISATION

TEMPORARY EXTERNAL FIXATION 
FOR MAINTAINING REDUCTION

OPEN REDUCTION + COLLATERAL 
LIGAMENT AND CAPSULAR REPAIR

DEBRIDEMENT, LAVAGE, 
COLLATERAL LIGAMENT AND 

CAPSULAR REPAIR, 
CLOSURE / 

SOFT TISSUE COVER, 
± EXTERNAL FIXATOR

Detailed radiological evaluation including vascular study if necessary

EXTREMELY UNSTABLE 
KNEE DISLOCATION

ACUTE PHASE TREATMENT

ACUTE PHASE IMMOBILISATION
 FOLLOWED BY DELAYED 

ARTHROSCOPIC
RECONSTRUCTION OF 
CRUCIATE LIGAMENTS 

WITH OPEN RECONSTRUCTION OF 
COLLATERAL LIGAMENTS OFTEN 
AS A SINGLE STAGE PROCEDURE

UNSTABLE KNEE 
FRACTURE DISLOCATION

OPEN REDUCTION WITH FRACTURE 
FIXATION AND COLLATERAL 

LIGAMENT REPAIR 

1 Knee Dislocations: Classification and Treatment Algorithm
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a

c d

b

Fig. 1.2 Irreducible posterolateral knee dislocation (a) 
with classical transverse furrow (b). It is a complex joint 
dislocation in which the medial femoral condyle button-

holes through the medial capsule (c) and the MCL invagi-
nate into the knee joint (d), preventing closed reduction

D. N. Pardiwala et al.
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a b

Fig. 1.3 Irreducible KD3LN knee dislocation with pop-
liteus interposition preventing closed reduction. (a) MRI 
reveals injury to the posterolateral ligament complex with 

submeniscal popliteus interposition within the lateral tib-
iofemoral joint (b) intraoperative image—extensive PLC 
tear with the popliteus invaginated into the knee joint

Fig. 1.4 Open anterior knee dislocation (KD4) following 
a jump from height. This young male underwent emer-
gency reduction, lavage with debridement, patellar tendon 
repair, skin closure under drains, external fixator immobi-

lization, and antibiotic cover in the first stage. He under-
went second-stage multiple ligament reconstruction once 
his wounds had healed and knee range was normal

 2. Open knee dislocations (Fig.  1.4)—These 
warrant emergency lavage, closure or soft tis-
sue cover under drains, and immobilization, 
with antibiotic cover similar to open fractures. 
Extra-articular repair may be attempted if the 

wound is clean after debridement. If an exter-
nal fixator is applied, then a margin of 10 cm 
above and below the joint line is to be kept so 
as not to interfere with future tunnel place-
ment for ligaments [8]. The external fixator is 

1 Knee Dislocations: Classification and Treatment Algorithm
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Fig. 1.5 High-velocity knee dislocation with popliteal 
artery injury (KD4C) with extensor apparatus disruption. 
The patient underwent emergency vascular repair, exten-

sor apparatus repair, and collateral ligament repair in the 
first stage, followed by arthroscopic bicruciate reconstruc-
tion in the second stage

kept till acceptable soft tissue healing or till vas-
cular reconstruction healing is achieved, with-
out jeopardizing the time duration within which 
ligament repair, if required, is to be done.

 3. Vascular injuries (Fig.  1.5)—If distal pulsa-
tions are not palpable and are not present on 
bedside Doppler examination despite reduc-
tion, the patient is shifted to the operating 
room, and intraoperative angiography is done. 
Arterial repair or bypass grafting with four 
compartment fasciotomy is performed. A tem-
porary joint spanning fixator may be required.

 4. An extremely unstable knee may warrant a 
temporary joint spanning external fixator for 
knee immobilization till soft tissue healing is 
achieved.

 5. Unstable fracture dislocations may warrant 
immediate reduction and fracture fixation to pre-
vent vascular and soft tissue complications.

 6. Compartment syndrome warrants immediate 
release of all four leg compartments.

1.3.1.2  Approach in Knee Dislocations 
Associated with Vascular 
Injuries

A systematic review has found that 18% of knee 
dislocations have an associated vascular injury 
[9] with reported incidence being as high as 64% 

[5]. 80% of these patients underwent a vascular 
repair, and 12% of the patients underwent an 
amputation. Most of the amputations were a 
 consequence of failed repair or an infection. 
Patients with maximum incidence of vascular 
injury were KD3L (32%) and posterior disloca-
tions (25%). Patients with an open injury and 
increased BMI have been found to have increased 
incidence of vascular injury [10]. In general, 
sports dislocations have a lower rate of vascular 
injury as compared to high-velocity injuries [11].

Early detection and treatment of vascular dam-
age are critical as amputation rates following early 
intervention (within 8 hours) are 11% and a delay 
beyond 8  hours results in 86% amputation rates 
[12]. Even so, residual amputation rates after sur-
gery are 10% [13]. The most common arterial injury 
involves the popliteal artery. This is due to the fact 
that the popliteal artery is tethered proximally at the 
adductor hiatus and distally at the soleus arch.

A patient with definite signs of ischemia (absent 
distal pulsations of the dorsalis pedis or posterior 
tibial artery) needs to be shifted to the operating 
room immediately where an intraoperative angiog-
raphy is done and treated accordingly. Arterial 
repair for short-segment injuries and interposi-
tional grafts (usually contralateral saphenous vein 
graft) for long-segment injuries are often needed.

D. N. Pardiwala et al.
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Patients with either asymmetric pulsations or 
ABI < 0.9 need further workup with either a CT 
or MR angiography. There has been a long- 
standing debate between the proponents of rou-
tine angiography and selective angiography 
with the former claiming that small intimal tears 
leading to delayed thrombosis may be missed, 
leading to disastrous complications. However 
studies have shown that selective angiography is 
the standard of practice [14]. Angiography is an 
invasive procedure with its associated risk. 
Recent advances have enabled CT angiography 
to be highly sensitive and specific (up to 100% 
sensitive and specific) [6] while being less inva-
sive and involve lesser radiation [15]. MR angi-
ography is our investigation of choice since it is 
equally accurate [16] without the risks of radia-
tion and can be performed in the same sitting, as 
all patients would be evaluated with an 
MRI. Patients with palpable dorsalis pedis and 
posterior tibial pulse with ABI of 0.9 or greater 
were found to have a sensitivity of 100% to rule 
out vascular injury. However even these patients 
need to monitored for at least 48 h to rule out 
delayed thrombosis and vascular insult.

1.3.1.3  Approach in Knee Dislocations 
Associated with Peroneal Nerve 
Injury

The common peroneal nerve is the most com-
monly injured nerve in knee dislocations. The 
incidence, in general, is 14–25%, with as high as 
41% cases reported after posterolateral complex 
(PLC) injuries [17]. Approximately 8% of pero-
neal nerve injuries have been attributed to sports- 
specific knee fractures and dislocation with 
skiing (50%) and football (27%) being the most 
common sports [18]. Further, out of these 
patients, 25% patients needed a neurolysis, and 
the rest needed nerve grafting. Patients who 
needed nerve grafts less than 6  cm fared better 
than those who needed longer grafts [18].

Approximately 30% of cases have a complete 
neurological palsy, and the rest have a partial 
peroneal nerve palsy [19]. Only 38.4% of patients 
with a complete palsy and 87.3% of patients with 
incomplete palsy have been found to have func-
tional recovery (MRC grade > or = 3) [20].

Treatment options for complete nerve palsy 
include ankle-foot orthotic support, neurolysis, ten-
don transfer, nerve transfer, and combined nerve/
tendon transfer. The treatment for partial nerve 
palsy includes nonoperative, neurolysis, nerve 
transfer, and combined nerve/tendon transfer [21].

1.3.1.4  Elective Surgical Intervention 
in the Acute and Subacute 
Phase After Knee Dislocations

In patients with an acute knee dislocation that has 
been reduced and observed or patients who present 
after 72 h of injury with a spontaneously reduced 
knee, the pain has usually subsided, and concerns 
over vascular injury have abated. Patient evaluation 
then is concentrated over the ligaments injured, the 
soft tissue condition, and to rule out neurological 
injury. A detailed radiological evaluation including 
radiographs, MRI, and if necessary a CT scan is 
indicated.

The principles of treatment of multi-ligament 
injury include identification and treatment of all 
torn ligaments often with surgical repair or recon-
struction followed by a supervised rehabilitation 
program. An early single-stage surgery with 
repair of collaterals and reconstruction of cruci-
ates may be appropriate for a high-grade injury in 
a young patient capable of extensive and pro-
longed supervised rehabilitation (Fig. 1.6). In all 
others, it may be prudent to consider staged treat-
ment—either initial nonoperative treatment fol-
lowed by subsequent reconstruction of all residual 
ligament deficiencies or acute stage open repair of 
collaterals and extensor apparatus followed by 
second-stage arthroscopic bicruciate reconstruc-
tion (Fig. 1.1). The complex anatomy of the knee 
with wide variation in severity and extent of 
injury, coupled with various treatment protocols 
and multiple outcome scores reported in litera-
ture, has resulted in controversies in treatment in 
knee dislocations.

Operative Versus Nonoperative
Systematic reviews have conclusively demon-
strated that operative treatment results in bet-
ter functional outcome as compared to 
nonoperative treatment (IKDC excellent/good 
results 58% vs. 20%) and a higher return to 

1 Knee Dislocations: Classification and Treatment Algorithm



12

Fig. 1.6 Acute single-stage surgery for a lateral knee dis-
location (KD4N). This was a closed injury with no vascu-
lar deficit. In January 2001 the senior author performed an 
open reconstruction of both cruciates, augmented repair 
of MCL, VMO repair with PLC repair, and peroneal nerve 
decompression. His menisci and articular cartilage were 
normal. He returned to competitive kabaddi (a traditional 
Indian combat sport) 18 months following his injury with 

a stable knee and full range of movements. His 17-year 
follow-up reveals no secondary degenerative joint disease 
despite competing in sports for 8  years following his 
injury (a) Preoperative radiographs—true lateral knee dis-
location (b) The dial test reveals significant posterolateral 
rotatory instability following closed reduction (c) Clinical 
outcome 1  year after surgery (d) Radiological out-
come 17 years following surgery

a

b

D. N. Pardiwala et al.
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c

Fig. 1.6 (continued)

1 Knee Dislocations: Classification and Treatment Algorithm
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d

Fig. 1.6 (continued)

sports (29% vs. 10%). However the mean 
range of motion (126° vs. 123°) and flexion 
loss (4° vs. 3°) do not seem to be significantly 
different in both the groups [22]. A meta-anal-
ysis also supported the concept of operative 
treatment over nonoperative treatment as it 
yielded better outcome scores and range of 
motion [23].

Early Versus Late Surgery
Sports persons undergoing surgery within 3 weeks 
of injury have been shown to have higher return to 
sports as compared to those who undergo surgery 
in the chronic stage (>3 weeks usually, at a mean 
of 51  weeks). However the functional outcome 
scores and outcome measures were reported to be 
similar in both the groups [22].

D. N. Pardiwala et al.
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Repair Versus Reconstruction
In a study comparing ligament repair with ligament 
reconstruction especially for the posterolateral cor-
ner (PLC), it was found that PLC repair had a higher 
failure rate than reconstruction (37% vs. 9%). 
Return to sports was higher with reconstruction 
than repair of the PLC (51% vs. 23%) [24]. Another 
study has demonstrated that while the functional 
outcome scores may be similar in ligament repair 
and reconstruction groups, patients who undergo 
repair have a greater flexion loss, posterior sag, and 
lower return to pre- injury activity level [25]. 
However a systematic review found no difference 
between outcomes of repair and reconstruction of 
ACL and PCL for these injuries [22]. Shelbourne’s 
technique of en masse repair of lateral side struc-
tures in multi- ligament injuries has reported a 81% 
return to sports rate at a mean follow-up of 
55 months with excellent functional outcomes [11]. 
When multiple graft options including allografts are 
available, it may be preferable to choose reconstruc-
tion over repair; however, when graft options are 
limited especially in acute KD4 situations, it may be 
prudent to primarily repair the collateral ligaments 
and preserve autograft options for same stage or 
subsequent cruciate reconstruction.

Early Simultaneous Repair Versus Staged 
Repair and Reconstruction
While early intervention has been shown to give bet-
ter results, there has been debate whether all the liga-
ments should be repaired and reconstructed or 
whether the procedure should be staged. Patients 
who undergo early simultaneous repair and recon-
struction of three or more ligaments are at higher risk 
of knee stiffness after surgery. A systematic review 
of 12 articles and 150 patients has reported that 

staged repair gives better clinical outcomes (79.1%) 
than simultaneous ligament surgery in acute cases 
(58.4%) and chronic cases (45.5%). Similarly there 
was no difference in outcomes of KD3M and KD3L 
knees [26]. In a study on staged reconstruction of 
multi-ligament injuries in general population con-
sisting of sports persons, 70% of patients had an 
IKDC score of more than or equal to B [27].

Staged surgery includes collateral ligament 
repair and/or reconstruction in the acute stage 
(<3 weeks) followed by supervised rehabilitation 
for 3–6  weeks. Once knee range of motion is 
achieved beyond 100°, the second-stage ACL and 
PCL reconstruction is performed. The advan-
tages of staged surgery include shorter operative 
time, decreased chances of infection, and 
decreased chances of arthrofibrosis [28, 29].

1.3.2  Knee Chronic Dislocations 
and Multiple Ligament 
Instability

Patients may present in the chronic phase (> 
6  weeks) with a reduced knee dislocation and 
multi-ligament instability or rarely with a chronic 
unreduced knee dislocation. The treatment algo-
rithm for chronic phase presentations is elabo-
rated in Table 1.4.

In the chronic (but reduced) multiple ligament- 
deficient knee, assessment of single-stance limb 
alignment in both the coronal and sagittal plane is 
important. For patients in whom limb alignment is 
normal, a single-stage or staged multiple ligament 
reconstruction is indicated. This often involves an 
arthroscopic bicruciate reconstruction with medial-
sided and/or posterolateral corner reconstruction. 

CHRONIC KNEE DISLOCATION / MULTIPLE LIGAMENT DEFICIENT KNEE

REDUCED KNEE DISLOCATION WITH 
INSTABILITY AND NO LIMB MALALIGNMENT

REDUCED KNEE DISLOCATION WITH 
INSTABILITY AND LIMB MALALIGNMENT

CHRONIC UNREDUCED KNEE DISLOCATION

MULTIPLE LIGAMENT RECONSTRUCTION
(SINGLE STAGE/STAGED SURGERY)           

CORRECTIVE REALIGNMENT OSTEOTOMY
WITH/WITHOUT TIBIAL SLOPE MODIFICATION

SECOND STAGE LIGAMENT 
RECONSTRUCTIVE SURGERY

OPEN REDUCTION ± LIGAMENT
RECONSTRUCTION + HINGED EXTERNAL

FIXATOR APPLICATION 

SECOND STAGE ADDITIONAL LIGAMENT
RECONSTRUCTIVE SURGERY IF NEEDED

Table 1.4 The surgical algorithm for chronic knee dislocations and multiple ligament injured knee

1 Knee Dislocations: Classification and Treatment Algorithm
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Patients with limb malalignment (commonly varus 
malalignment in a PCL-PLC-deficient knee) 
should undergo corrective osteotomy (usually 
with slope modification) in the first stage prior to 
any subsequent ligament reconstruction. 
Increasing tibial slope reduces tibial sag in a PCL-
deficient knee, whereas decreasing tibial slope has 
a protective effect on the ACL-deficient knee [30]. 
Often limb alignment with slope correction itself 
is sufficient to afford functional knee stability in 
low-demand individuals. In patients with residual 
instability following corrective osteotomy, a sec-
ond-stage ligament or multiple ligament recon-
structive surgery may be warranted.

Chronic unreduced knee dislocations are rare 
and are often missed injuries in a polytrauma 
patient. These cases are extremely challenging 

since achieving stability and range of motion war-
rants complex management techniques including 
open reduction, hinged external fixator application, 
with or without staged ligament reconstruction, and 
prolonged rehabilitation [31]. In the past 20 years, 
the senior author has treated 26 chronic unreduced 
knee dislocations, and each has required an indi-
vidualized approach. To reduce the chronically dis-
located knee, complete circumferential capsular 
release and scar tissue excision are required. To pre-
vent extensive arthrofibrosis, early mobilization is 
mandatory, and this is possible only with a hinged 
external fixator that helps maintain the reduction 
and reestablish stable anatomic range of motion. 
Moreover, if ligament reconstruction is planned at 
the same stage, a hinged external fixator is critical to 
prevent increased stress on the grafts (Fig. 1.7).

Fig. 1.7 A 3-month-old unreduced posterolateral knee 
dislocation following a high-velocity motorcycle accident 
with polytrauma. The injury occurred at a remote high- 
altitude location and resulted in a missed knee dislocation. 

He required open reduction, hinged external fixator appli-
cation, and staged multiple ligament reconstruction with 
allografts. He returned to rally racing 18 months follow-
ing index surgery

D. N. Pardiwala et al.
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Fig. 1.7 (continued)
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Management in the Emergency 
Room

Michael E. Hantes and Konstantinos Banios

2.1  Introduction

Knee dislocation, or multi-ligamentous injury of 
the knee, is recognized to be a rare injury, quoted 
to represent between 0.02% and 0.2% of all 
orthopedic trauma [1, 2].

However, this figure probably does not repre-
sent the whole truth, because of a (common) 
missed diagnosis after a spontaneous reduction 
of the dislocation [3].

Dislocation entails the complete disruption of 
the tibio-femoral articulation (Fig.  2.1), which 
most commonly presents as an anatomically 
reduced but highly unstable knee, requiring rup-
ture of a minimum two major stabilizing 
ligaments.

Knee dislocations are potentially limb- 
threatening injuries, with a high risk of vascular 
compromise, varied widely, ranging from 3.3% 
to 64% [4].

Radiographic evidence of dislocation is not 
always available, and the clinician has to be 
aware of other signs of a dislocation that may 
have spontaneously reduced like an hematoma of 
the popliteal fossa (Fig. 2.2). Approximately 50% 
of knee dislocations are spontaneously reduced 
prior to the examination of a clinician.

Most knee dislocations are the result of high- 
energy mechanisms [5]. However, nowadays as 
obesity becomes a worldwide medical issue, even 
low-velocity injuries such as ground level falls 
may lead to knee dislocation. Therefore, evaluat-
ing physicians should maintain a high suspicion 
for a knee dislocation in any obese patient who 
presents with knee pain following a seemingly 
innocuous injury. Careful history and physical 
examination in a systematic approach will aid in 
identifying patients at risk for this injury.

The three most common mechanisms of these 
injuries include:

 (a) High-energy trauma due to motor vehicle 
collision (almost 50%).

 (b) Sport injuries (33%).
 (c) Simple falls (12%).

A patient with a dislocated knee should be 
approached very carefully in the emergency 
department in order to recognize, deal with this 
severe injury, and avoid misdiagnosis or other 
complications.

2.2  History and Physical 
Examination

The mechanism of injury is an important factor in 
guiding evaluation of a knee injury in the emer-
gency department (ED) and in predicting the 
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 ultimate diagnosis. Consider the direction of the 
force applied to the knee and the position of the 
knee at the time the force was applied. Inquire 
about the ability to bear weight immediately after 
the injury, the development of restrictions of 
range of motion, the location of pain, loss of sen-
sation, any new swelling and the period of time 
over which it occurred, and whether a “pop” was 
felt or heard by the injured patient.

As knee dislocations are usually associated 
with other injuries, the clinician must initially 
follow the ATLS principles. So it is crucial not to 
concentrate only to the injured knee but inspect 
the whole body for any concomitant injury. 
Hemodynamic instability may result from 

internal injury or fractures and is the most impor-
tant consideration for the orthopedic surgeon.

As the patient is stabilized, it is important to 
inspect the affected limb so as to recognize any 
skin injury (15–30% of knee dislocations are 
open) [6, 7]. Moreover, the presence of any obvi-
ous deformity can reveal the direction of the dis-
located tibia (Fig.  2.3). Compare the affected 
knee with the contralateral one for reference and 
symmetry.

 – Palpate bony structures of the knee and note 
any tenderness.

 – Patellar tap test can reveal joint effusion.
 – Note the range of motion (passive and active).
 – Assess distal pulses and capillary refill distal 

to the injured knee.
 – Check for any sensory and motor dysfunction 

of the affected limb.

a bFig. 2.1 Anteroposterior 
(a) and lateral (b) X-rays 
of a dislocated knee

Fig. 2.2 Extensive hematoma of the popliteal fossa and 
posterior thigh after a knee dislocation

Fig. 2.3 Gross deformity of the knee due to knee disloca-
tion and anteriorly dislocated tibia

M. E. Hantes and K. Banios
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2.3  Vascular Examination

The incidence of popliteal artery injury is 3.3%–
64% [4].

Popliteal artery is fixed proximally onto the 
medial femoral epicondyle at the fibrous inser-
tion of adductor magnus and distally tethered 
by the tendinous arch of soleus; movement of 
the artery is restricted leading to traction 
injury.

Because vascular injury is potentially limb 
threatening, early identification of vascular injury 
is critical. A delay in the diagnosis increases the 
time of warm ischemia and the risk for irrevers-
ible injury, resulting in the possible need for an 
above the knee amputation.

Up to 20% of patients with vascular compro-
mise will eventually require amputation, increas-
ing to more than 80% with an ischemic time of 
over 8 h; therefore, early recognition and man-
agement of a compromised limb is vital [8].

A recent review of available literature did not 
demonstrate any association between direction of 
dislocation and vascular insult [9].

A clinician who suspects a knee dislocation 
has to examine the leg for two essential things in 
order to assess vascular integrity of the leg. First, 
palpate dorsalis pedis and posterior tibial pulses 
bilaterally and assess for any asymmetry. In the 
absence of any asymmetry, further assessment is 
not necessary [10, 11].

Second, the ankle-brachial index (ABI), 
which is the ratio of the systolic blood pres-
sure measured at the ankle to that measured at 
the brachial artery, should be calculated. To 
perform this, a clinician needs a manual blood 
pressure cuff and a Doppler probe. With the 
patient in the supine position, a blood pressure 
cuff is placed on the affected ankle above the 
malleoli. The ultrasound transducer is used to 
locate the dorsalis pedis or posterior tibial 
artery signal. The blood pressure cuff is 
inflated while listening to the Doppler signal. 
Once the signal has disappeared, the pressure 
in the cuff is slowly released until the Doppler 
signal can be heard again. The pressure at 
which the Doppler signal in the dorsalis pedis 
or posterior tibial artery returns is the systolic 

blood pressure value for the ankle. For the bra-
chium, the blood pressure cuff is placed on the 
arm, and the brachial pulse is located in the 
antecubital fossa using the ultrasound trans-
ducer. The cuff is inflated until the Doppler 
signal from the brachial artery disappears. The 
cuff is then gently relieved of pressure until 
the signal in the brachial artery returns. The 
pressure at which the Doppler signal returns is 
the systolic blood pressure in the brachium. To 
calculate the ABI, the systolic blood pressure 
measured at the ankle is divided by that mea-
sured at the brachial artery. A ratio of less than 
0.9 is considered abnormal and necessitates 
further investigation with arteriography. On 
the contrary, if the ABI is greater than 0.9, it 
has been shown that the risk of major arterial 
lesion approaches 0% [12].

For further investigation, CT angiogram 
(CTA) is mostly preferred (Fig.  2.4), as it pro-
vides a higher sensitivity and specificity and 
almost one fourth less radiation than conven-
tional one [13].

MR arthrography also shows potential in this 
setting through its convenience of including 
venous contrast while conducting a conven-
tional MRI to evaluate ligamentous injury [14].

An algorithm employed at the University of 
Washington Medical Center for the diagnosis of 
vascular injury following multiple-ligament knee 
injuries is presented in Fig. 2.5.

Fig. 2.4 CT angiogram image of a patient with popliteal 
artery occlusion after a knee dislocation

2 Management in the Emergency Room
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2.3.1  Neurologic Examination

The physical examination should include a 
detailed neurologic examination including sensa-
tion in the tibial, deep peroneal, and superficial 
peroneal distributions to light touch, pinprick. 
Motor examination including the flexor and 
extensor hallucis longus, tibialis anterior, and 
gastrocnemius as well.

The incidence of nerve injury associated with 
knee dislocation ranges from 4.5% to 40.0%. 
Most commonly, the common peroneal is the 
injured nerve. The nerve is at risk for injury as 
well, similar to the artery, due to its anatomic 

constraints both proximally and distally. The fib-
ular neck tethers the nerve proximally, and the 
fibrous arches of the intermuscular septum form 
the distal tether.

Common causes of nerve injuries are fractures 
(e.g., lateral tibial condyle, fibula head) and trac-
tions of the nerve due to varus stress or 
hyperextension.

Unfortunately, recovery of patients with a 
neurologic deficit is unpredictable. The outcome 
depends on the location, the severity, the time of 
injury, and the age of the patient. Peripheral pero-
neal nerve injuries in young patients are associ-
ated with a better prognosis.

Diagnose knee dislocation

Immediate reduction

Physical examination
ABI

Distal pulse present
Well perfused limb

ABI > 0.9

   Distal pulse assymetry

OR

Distal pulse present and well
pefused limb with ABI < 0.9

   Distal pulse absent

OR
Other signs of vascular injury

(distl ischemia, active
hemorrhage)

Observation for 24 h

Obtain arterial and venous
duplex 48 h prior to surgery

Arteriogram Surgical exploration

Fig. 2.5 Algorithm employed at the University of Washington Medical Center for the diagnosis of vascular injury fol-
lowing multiple ligament knee injuries
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2.4  Plain X-Rays

Frontal and lateral plain films are performed as a 
standard in the emergency department. These 
should be performed before (evaluation for con-
comitant fractures such as Segond or other frac-
tures and direction of displacement) and after 
reduction to confirm proper joint articulation and 
congruency. CT after performing reduction is 
recommended if a fracture is revealed at X-rays.

MRI is helpful preoperatively for the diagnosis 
of ligamentous, meniscal, and articular damage, 
but it is not necessary in the emergency depart-
ment. However, it is mandatory after initial man-
agement to reveal the whole spectrum of injuries.

2.4.1  Reduction of the Dislocation

After X-ray confirmation of a knee dislocation, a 
reduction of the dislocation should be performed. 
The reduction of the knee should be attempted 
with the patient under sedation either in the emer-
gency department or at the operating room, for a 
successful reduction is essential to make a 
maneuver that reverses the deforming force. 
Often, gentle in-line traction attempting to bring 
the knee into extension is enough to reduce a dis-
located knee. No manual pressure should be used 
to aid in any direction, especially in the popliteal 
fossa, to avoid iatrogenic neurovascular injury.

After reduction is done, the knee should be 
splinted in 20° of flexion so as to provide stability 
of bony and neurovascular structures, relaxation 
of soft tissues, and pain relief to the patient. 
Moreover the splint must prevent posterior sub-
luxation of the tibia to minimize traction of ves-
sels. Opening a window to splint is crucial to 
allow vascular evaluation of the foot. Successful 
reduction is confirmed with knee X-rays.

If the reduction is unsuccessful, the patient 
should be taken urgently to the operating room 
for a reduction under general anesthesia (in many 
cases, the irreducible knee has pinched or threat-
ened skin, particularly on the medial aspect of the 
knee). If closed reduction performed under anes-
thesia is unsuccessful, the surgeon should pro-
ceed to an open reduction of the knee. One of the 

reasons for an irreducible knee dislocation is the 
so-called dimple sign.

The dimple sign: When the knee is gently 
brought into extension, a worsening skin dimple 
between the medial femoral condyle and the 
medial tibial plateau can be a sign that closed 
reduction will be unsuccessful. The skin dimple 
is a sign that the medial femoral condyle has but-
tonholed through the medial joint capsule, and 
the MCL has become entrapped and is being 
pulled into the joint with the gentle traction 
(Fig. 2.6). Multiple case reports cite this as a sign 
for an irreducible knee dislocation and recom-
mend open reduction in the operating room [15]. 
Unfortunately, it may not be visualized in many 
cases due to diffuse swelling of the knee. A mid-
line surgical incision with a medial parapatellar 
arthrotomy is useful to address the acute disloca-
tion and later ligament reconstruction.

A recent review of the literature identified that 
KD-III is the predominant injury pattern in 
 irreducible dislocations, which refer to ruptures 
of ACL, PCL, and MCL or LCL (79.5%) [16]. 
The interposed tissue is likely to be MCL or 
medial retinaculum, but all surrounding struc-
tures cannot be neglected.

Once the knee is reduced, repeat neurologic 
and vascular examination are done immediately. 
With any vascular compromise or asymmetry in 
ABIs whereby the affected leg is less than 0.9, 
surgical exploration is warranted.

Fig. 2.6 The dimple sign: skin dimple between the 
medial femoral condyle and the medial tibial plateau. This 
patient had an open unrecognized knee dislocation and 
managed with wound closure initially

2 Management in the Emergency Room
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Compartment syndrome development is 
another potential complication of a knee disloca-
tion. High suspicion of compartment syndrome 
and close monitoring of the leg, through clinical 
examination or through invasive measurements of 
the intra-compartmental pressure (ICP), should 
be performed. In case of compartment syndrome 
development, immediate fasciotomy of all four 
compartments is necessary, and it should be per-
formed without any delay. Moreover, care must 
be taken not to elevate the injured limb above 
heart level in order to avoid perfusion depression.

2.5  Examination of Knee 
Stability

Examination of ligamentous integrity is usually 
limited secondary to patient discomfort, and 
some of the most specific diagnostic tests require 
patient cooperation, which is difficult under these 
circumstances. However, the physician could 
attempt a gentle examination, and probably intra- 
articular injection of lidocaine after aspiration of 
any hemarthrosis can aid in patient’s comfort.

Clues to ligament injury in a spontaneously 
reduced knee dislocation are any asymmetry in 
the joint space, minor subluxations in any direc-
tion, and Segond fractures.

The Lachman test and the anterior drawer test 
(ACL rupture), varus/valgus stressing (MCL/
LCL compromise), and posterior sag (PCL dis-
ruption) are the most reliable maneuvers in the 
acute setting.

The pivot shift, dial test, reverse pivot shift, 
and weight-bearing examinations are impractical 
at the bedside but can aid in the diagnosis while 
under anesthesia.

2.6  Emergent Surgery

Absolute surgical indications in patients with a 
knee dislocation include (a) vascular injury, (b) 
irreducible dislocations, (c) gross instability on 
examination with failure to maintain joint reduc-
tion, (d) open injuries, and (e) inability to tolerate 
mobilization in a brace, whether due to pain or 

noncompliance [17–19]. Associated fractures, 
avulsion- type injuries, and ligamentous hyper-
mobility often benefit from surgical repair, 
although this can be done in a later stage.

The determination of instability is made with 
a thorough ligamentous examination and an 
examination under anesthesia with fluoroscopic 
stress views in the operating room. If a patient 
has gross instability and reduction cannot be 
maintained, then there is a risk of repetitive 
trauma to the posterior vascular structures (popli-
teal artery) making them more vulnerable for 
thrombosis, and this is an indication to apply an 
external fixator to maintain stability.

As for the vascular injury, the rationale for 
external stabilization is:

 (a) To stabilize the vascular repair in case of a 
vascular injury which requires surgical 
intervention.

 (b) To protect from further vascular trauma when 
a vascular surgery is not necessary.

In case of an open dislocation, it is obvious 
that as an open trauma the surgeon has to do a 
thorough irrigation and debridement of foreign 
material and nonviable tissues. Furthermore plac-
ing an external fixator prevents from further 
trauma to the soft tissues and also makes mobili-
zation of the patient possible.

Another indication for placing external fixator 
is patient’s inability to tolerate mobilization in a 
brace either due to pain (probably the brace does 
not hold the limb in a stable fashion) or due to 
incompliance especially in obese patients.

As external fixator is applied, it is mandatory 
to perform X-rays in order to confirm the correct 
articulation of the joint and the correct position-
ing of the pins.

The advantages of using spanning external 
fixation include skin assessment, compartment 
pressure observation, and monitoring the neuro-
vascular status of the affected limb.

The main indications for initial application of 
external fixation are:

 1. Arterial injury requiring repair.
 2. Compartment syndrome.
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 3. Open dislocation.
 4. Irreducible dislocation.
 5. Polytrauma patients during damage control.
 6. Obese patients with insufficient stability after 

brace.
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3.1  Introduction

Multiligament knee injuries are uncommon [1]. 
Due to the severity of the lesion and the difficulty 
to reestablish the complex ligamentous anatomy 
and native stability, multiligament injuries repre-
sent a great challenge for orthopaedic surgeons. 
Many anatomical and morphological factors may 
contribute for knee stability independently of the 
ligamentary structures and should be considered 
during diagnosis and treatment [2–4]. These 
lesions are associated to high-energy (motorcycle 
accidents) or low-energy (cutting and pivoting 
mannuevers) traumas which young patients are 
considered at high risk since this population is 
very active in sports [5, 6]. The consequences of 
these injuries can result in knee ligamentary 
malalignment, association with meniscus inju-
ries, cartilage defects and joint instability, which 
has a strong correlation with early onset of osteo-
arthritis [7, 8]. Therefore, an accurate and com-
prehensive diagnosis plays a key role in treatment 
algorithm [9, 10]. In this chapter, we discuss the 
use of Porto-knee testing device (PKTD) in both 
diagnosis of knee ligament lesions and instability 
assessment.

3.2  Diagnosis of Multiligament 
Knee Injuries

The clinical history and the physical examination 
play a key role in determining the existence of the 
injury; however, they are insufficient to deter-

mine the extension of the lesion [11]. Radiographs 
are used to rule out fractures and to confirm the 
reduction of the knee joint [12]. Magnetic reso-
nance imaging (MRI) is still the method recom-
mended to determine the extent of lesion and 
carefully plan the treatment [13]. Nonetheless, 
despite its high sensitivity (78–100%) and speci-
ficity (68–100%) for anterior cruciate ligament 
(ACL) injuries [14–17], when multiligament are 
considered, these predictive decrease signifi-
cantly [18–20]. Instrumented manual devices 
(such as the KT-1000/2000) may be used to 
assess the knee sagittal laxity, but are unable to 
provide accurate objective quantification of tibio-
femoral sagittal and rotational laxity [21, 22]. 
Moreover, due to their material composite, it is 
not possible to use them in association with 
MRI. In this sense, the concomitant use of both 
instrumented laxity and MRI examination may 
provide the greatest diagnostic value [23]. 
Therefore, new approaches are needed to over-
come these difficulties.

3.3  Porto-Knee Testing Device 
(PKTD)

The PKTD is an innovative diagnostic tool 
(Fig. 3.1), made of polyurethane composite mate-
rial and designed to be compatible imaging 
devices, such as MRI and computed tomography. 
It evaluates knee instability as it is capable of 
measuring the tibiofemoral sagittal and rotational 
laxity. It offers the possibility to adjust the knee 

a b

Fig. 3.1 Photograph of Porto-knee testing device. (a) PKTD setup for ACL assessment; (b) PKTD setup for PCL 
assessment
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at different degrees of knee flexion and to com-
bine the anteroposterior (AP) or posteroanterior 
(PA) translation with tibial rotation. The dynamic 
evaluation provided by the wide range of move-
ments allowed by the PKTD in synergy with MRI 
makes the PKTD a useful tool for objective 
assessment of the knee ligament injuries. 
Additionally, it brings new insights to a more 
detailed anatomical study of the knee, which may 
be extremely helpful for preoperative planning 
and postoperative follow-up [24].

3.3.1  Porto-Knee Testing Device: 
Standard Operation Protocol

The exam starts with the patient supine with the 
knee flexed at 30° and the foot in neutral position. 
The first set of images is made without any pres-
sure (Fig. 3.2a). After, it is applied a PA pressure 
(4 Bar) through a platform containing plunger 
(activated by pressurized air) at the proximal calf 
region (Fig. 3.2b). The rotational laxity examina-
tion is performed through applying pressure into 
tibial internal or external rotation by the activa-

tion of the rotatory footplate plunger (Fig. 3.2c, 
d). Whenever possible, this process should be 
performed also in the contralateral limb to allow 
side-by-side comparison.

A similar plunger platform may be used supe-
riorly to apply an AP pressure at the proximal 
third of the tibia, immediately below the 
 tuberosity of the tibia (Fig.  3.3). By this dual 
approach, it is possible to measure the knee sagit-
tal laxity, assessing both the ACL and the poste-
rior cruciate ligament (PCL).

Placing the knee at 30° of flexion (possible in 
all MRI machines) and applying a tibial external 
rotation, the PKTD is able to mimic the dial test 
for posterolateral corner injuries. This measure-
ment must be compared with the contralateral 
limb. Additionally, by applying a PA translation, 
combined with maximum tibial external rotation, 
it is possible to assess and measure the anterome-
dial instability.

The measurements are done with sets of 1 mm 
spacing within the MRI slices. The measure-
ments (in mm) and selection of slices follow the 
method previously described by Tashiro et  al. 
[25]. The first appearance of the medial portion 

a

c d

b

Fig. 3.2 PKTD setting for ACL assessment. The mechan-
ical axis of the device is aligned with the knee joint line, 
with a 30° angulation. (a) Lower limb at rest position (no 

pressure); (b) PA pressure (arrow shows tibial transla-
tion); (c) tibial internal rotation; and (d) tibial external 
rotation
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of the gastrocnemius proximal insertion deter-
mines the reference of the medial plateau. For the 
lateral plateau, the slice is chosen with reference 
of the most medial sagittal bone layer of the pero-
neus. Then, the measurements are performed 
through a perpendicular line to the tibial slope, 
crossing the most posterior point of the tibial pla-
teau, and a parallel line, crossing the most poste-
rior point of the femoral condyle. This may be 
performed to test the presence of ACL, PCL, 
anteromedial structures, and/or posterolateral 
corner injuries (Fig. 3.4). The difference between 
the rest and stress condition determines the 
amount of tibiofemoral translation. This is mea-
sured by the difference between the two drawn 
parallel lines, as described above.

3.3.2  PKTD Results

PKTD is reliable for sagittal and rotational knee 
laxity assessment. It showed significant correla-
tion with KT-1000 for PA translation (correla-
tion coefficient  =  0.73; p  <  0.05) and lateral 
pivot-shift test under anesthesia for rotatory lax-

ity (correlation coefficient = 0.8; p < 0.05), with 
the advantage of evaluation of the knee at any 
angle of rotation between internal maximum 
and external maximum tibial rotation [26]. 
PKTD has shown high sensitivity and specific-
ity in objectively measuring the multiplanar 
instability, by computing the combined mea-
surements of anterior global translation (PA 
translation of both medial and lateral tibial pla-
teaus) and global rotation (internal rotation at 
the lateral tibial plateau plus external rotation at 
the medial tibial plateau). These measurements 
showed to be highly specific (anterior global 
translation, with a cut-off point of 11.1  mm, 
93.8%) and sensitive (global rotation, with a 
cut-off point of 15.1 mm, 92.9%) for total ACL 
ruptures [27].

3.3.3  PKTD Possible Applications

The PKTD is a valuable medical device for 
assessing knee multiligament injuries, which 
should be combined with an accurate clinical 
examination and MRI evaluation. In this sense, 

a

c d

b

Fig. 3.3 PKTD setting for testing both anterior and pos-
terior cruciate ligaments. (a) PKTD setting for testing the 
ACL; (b) By placing a similar plunger platform at the 

upper part of the device, it is possible to test the PCL; (c) 
PKTD examination with PA translation; and (d) PKTD 
examination with AP translation
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a b

c d

e f

g h

i j

Fig. 3.4 MRI 
measurements under 
PKTD examination of 
an ACL-ruptured patient 
(a–d), a PCL-ruptured 
patient (e–h), and a 
posterolateral corner 
injury (i, j). (a) medial 
plateau, no stress 
(−1 mm); (b) lateral 
plateau, no stress 
(0 mm); (c) medial 
plateau with PA stress 
(19 mm), the medial 
tibial plateau translated 
20 mm anteriorly; (d) 
lateral plateau PA stress 
(21 mm), the lateral 
tibial plateau translated 
21 mm anteriorly; (e) 
medial plateau, no stress 
(1 mm); (f) lateral 
plateau, no stress 
(8 mm); (g) medial 
plateau with AP stress 
(−9 mm), the medial 
tibial plateau translated 
10 mm posteriorly; (h) 
lateral plateau AP stress 
(−7 mm), the lateral 
tibial plateau translated 
15 mm posteriorly; (i) 
lateral plateau, no stress 
(0 mm); and (j) lateral 
plateau with maximum 
tibial external rotation 
(−6 mm), the lateral 
tibial plateau translated 
6 mm posteriorly with 
the external rotation
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the PKTD adds diagnostic value and contributes 
in the therapeutic decision and surgical planning.

Due to its compatibility with MRI environment, 
it provides a morphological and functional assess-
ment of the knee ligaments under stressed condi-
tions. Additionally, as it is possible to test both AP 
and PA translation, in isolation or in combination 
with tibial rotations, the PKTD is able to test the 
functional competence of knee sagittal and rotatory 
restraining structures, which is important in knee 
multiligament injury evaluation.

In the postoperative follow-up of patients with 
multiligament knee lesions, the PKTD may be 
used to evaluate the knee ligamentous laxity and 
identify any potential residual instability or over-
constrain. If it is used concomitantly with CT 
scanning, it may be useful to evaluate both tibial 
translations/rotation and the surgical tunnel 
placement.

In the clinics, this is a very useful tool to per-
form a 360° evaluation and assessment of knee 
instability.
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4.1  Introduction

Multiligament knee injuries (MLKIs) are a rare 
condition, making up the 0.02% of the orthopae-
dic injuries, but are potentially devastating to the 
patients. The management of such lesions man-
dates an intimate knowledge of the anatomy on 
all sides of the joint. In addition to ligamentous 
injury, the surgeon must also be vigilant for vas-
cular or neurological damage that can often com-
plicate MLKIs.

4.2  Classification

Different classification systems have been pro-
posed for knee dislocations and MLKIs. Kennedy 
classified knee dislocations (KD) based on the 
position of the femur relative to the tibia as ante-
rior, posterior, lateral, medial and rotatory with 
the last ones that are further divided in anterome-
dial, anterolateral, posteromedial and posterolat-
eral. One limitation of this classification is that it 
does not consider occult or spontaneously 
reduced knee dislocation.

The anatomic classification developed by 
Schenck is more focused on the ligament 

involved during the injury and ranges from KD-I 
(tear of one cruciate ligament) to KD-IV (disrup-
tion of all four ligaments). If an associated frac-
ture is present, the lesion is defined as 
KD-V. Neurological (N) and vascular (C) dam-
ages are also taken into account.

These classifications are useful to define the 
prognosis and compare different case series; 
however, due to the complex pattern of knee 
injury, it is useful to describe MLKIs based on 
specific anatomic structures involved and the 
grade of injury. The treatment strategy should be 
tailored for each patient, considering the joint 
kinematics, patient expectations and the healing 
potential of the damaged structures (Table 4.1).
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Table 4.1 Schenck’s classification of knee dislocation

Anatomic classification of knee dislocation
Classification Description
KD-I Single ligament injury 

(ACL or PCL)
KD–II Bicruciate injury 

(ACL + PCL)
KD-III Bicruciate injury and 

either LCL or MCL
KD-III injuries are classified as KD-III-M if MCL is 
injured or KD-III-L if the LCL or PLC are injured
KD-IV Injury to ACL, PCL, LCL 

and MCL
KD-V Multiligamentous injury 

with periarticular fracture

ACL anterior cruciate ligament, PCL posterior cruciate 
ligament, LCL lateral collateral ligament, MCL medial 
collateral ligament, PLC posterolateral corner
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KDs are also divided into high-energy trauma 
(e.g. motor vehicle collision, falling from heights, 
etc.) or low-energy trauma (e.g. sports injuries, 
etc.) and ultralow-velocity injuries (often minor 
trauma in morbidly obese). The patients of the 
first group could be polytrauma patients with 
multiple fractures and more often have neurovas-
cular lesions: these associated pressing injuries 
could alter the ideal surgical timing (Fig. 4.1).

4.3  Evaluation: Acute 
Management

In case of polytrauma patients, the initial evalua-
tion follows the ATLS (Advanced Trauma Life 
Support) protocol: if the patient does not present 
more pressing injuries and the knee is dislocated, 
radiographs (with a portable tool) should be 
taken. In case of major tibia or femur fracture, the 
surgeon must take into account the risk of further 
bony fragment dislocation during the manoeu-
vres. Knee reduction should be attempted in 
patients under sedation, and subsequent radio-
graphs must be taken to confirm the correct posi-
tion of the femur relative to the tibia. If the knee 
remains grossly unstable, the surgeon should 
apply an articulated external fixator for at least 
1 month. The knee should also be inspected for 
the presence of open injury; in this case, subse-
quent irrigation and debridement in the operating 
room are mandatory.

4.4  Vascular Status: 
Management

After a successful reduction of the knee, attention 
should be then turned to the vascular status 
(Fig. 4.2).

In case of acute knee dislocation, the overall 
incidence of vascular injury is around 20% and is 
correlated with devastating complication such 
infection, compartment syndrome and limb 
amputation. In fact, the anatomic location of the 
popliteal artery put it at high risk during 
KD.  Posterior dislocation produces shearing 
forces that cause intimal tearing and arterial 
transaction, while anterior dislocation causes 
traction injury. Since it has been shown that the 
total ischemia time greater than 6–8 h is directly 
correlated with amputation rate, a prompt identi-
fication and management of such lesion are cru-
cial. Some authors advocate routine angiography 
after KD regardless of pulse examination because 
of the possibility of subintimal artery damage 
that can be overlooked. However, a protocol of 
careful physical examination, ABI (ankle- 
brachial index) and selective angiography are 
currently supported by the literature.

The physical examination can show hard signs 
of ischemia such as pallor, cool skin and delayed 
capillary refill time. The posterior tibial and dor-
salis pedis pulse examination is mandatory and 
should be compared with the healthy limb. 
However, the presence of a normal pulse after the 

Fig. 4.1 A 30-year-old man with knee dislocation III according to Schenk’s classification (ACL, PCL, MCL injury). 
The patient sustained a high-energy dislocation after a motor vehicle accident
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knee reduction does not rule out vascular injury, 
and on the contrary, vasospasm is common and 
can be a pitfall during the examination. 
Particularly insidious are popliteal artery intimal 
flap lesion that are at risk for delayed thrombosis 
[1]. Therefore, ABI should be evaluated in all 
patients even in the presence of symmetric pulses. 
Patients with ABI <0.9 warrant selective angiog-
raphy and, if positive, further vascular surgeon 
counsel and management. However, if the ABI is 
greater than 0.9 the physician should continue to 
check the pulses every 2 h for 24 h.

The decision to perform prophylactic fasciot-
omy is difficult, but if vascular involvement is 
confirmed, this surgical procedure is recom-

mended to reduce the risk of compartment syn-
drome [1].

4.5  Neurologic Status: 
Management

Attention should be then turned to the neurologic 
examination. The incidence of nerve injury in the 
literature ranges from 10% to 40%. Interestingly, 
the highest nerve injury rate has been found in 
high-velocity and ultralow-velocity dislocations 
rather than in low-energy traumas.

Usually, the common peroneal nerve (CPN) is 
injured; however, in rare conditions, an isolated 

KNEE DISLOCATION
(or multiple ligament

disruption)

HARD VASCULAR SIGNS
pulseless
mottled, cool
popliteal hemorrhage
popliteal hematoma/thrill/bruit

SOFT VASCULAR SIGNS
asymmetric pulses
paresthesias (particularly in 
peroneal nerve distribution)

SURGERY

ARTERIOGRAFY or 
CT-ANGIO

ANKLE-BRACHIAL INDEX
ABI

< 0.9 (not normal)

> 0.9 (normal)

OBSERVE x 24 hours

PULSE CHECK Q2-3h

YES

YES

NO

NONO

Fig. 4.2 Flowchart for the assessment and treatment of vascular associated lesion in the context of knee dislocation
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tibial nerve palsy has been described. The 
 anatomic course of the CPN and the presence of 
constraints proximally (fibular neck) and distally 
(arches of the intermuscular septum) that reduces 
movement compliance put it at high risk during 
KD. Additionally, anatomical studies have shown 
the lack of intraneural vessels in the fibular region 
and therefore a deficient CPN blood supply. In 
case of CPN involvement, the recovery is usually 
poor: Niall et  al. [2] described full recovery in 
21% of patients, partial motor function in 29% 
and 50% of the patient with neither motor nor 
sensory function. CPN palsy are more likely to 
occur during an anterior or lateral dislocation; 
additionally, the CPN is vulnerable to stretch 
injury during varus stress, particularly if PLC or 
PCL tears are present.

The physical examination includes assess-
ment of sensation in the tibial, superficial and 
deep peroneal nerve distribution. Motor exami-
nation includes evaluation of graded motor 
strength of the flexor and extensor hallucis lon-
gus, tibialis anterior and gastrocnemius.

The majority of CPN damage is stretch injury 
that could be treated with physiotherapy and 
ankle-foot orthosis to prevent equinus foot. If 
CPN transection is suspected or directly visual-
ized through open injury, then an acute repair 
must be performed. Similarly, if the CPN status is 
gradually deteriorating since the time of injury, 
an emergent decompression surgery is highly 
recommended. At the time of multiligament 
reconstruction, if CPN palsy is still present, neu-
rolysis should be performed in the presence of 
scar tissue. In cases of chronic CPN palsy, ankle- 
foot orthosis or tendon transfer surgery are valid 
options to improve function.

4.6  Imaging

After the rule out of vascular injuries and before 
physical examination, prereduction radiographs 
in two planes (anteroposterior and lateral) 
should be obtained. These are helpful to evalu-
ate associated fractures and the direction of the 
dislocation. Fractures are associated with KD in 
10% to 20% of the cases and, if present, can 

modify the approach. These fractures can either 
involve large bony fragments such as tibial pla-
teau and distal femur or can be avulsion frac-
tures such as the arcuate or Segond fracture or 
tibial spine avulsion. The treatment consists in 
ligament reconstruction, and if the bony frag-
ment is large enough, it can require internal 
fixation.

Post-reduction radiographs should then be 
taken to assess the knee alignment and stability. 
Stress radiograph is not usually needed in the 
acute setting but in the preoperative evaluation to 
assess, objectively, ligamentous instability. If 
there is concern for intra-articular fracture, a CT 
scan is recommended to further evaluate the need 
for surgical management. MRI is also important 
to elucidate the extent of ligament injuries, 
menisci involvement and osteochondral damage. 
For its crucial role, an MRI should be obtained in 
the acute phase if an external fixation is planned; 
otherwise, the implant creates artefacts that do 
not allow a correct imaging evaluation.

4.7  Physical Evaluation

Physical examination in the acute phase is often 
difficult due to patient pain, knee swelling, mus-
cular contracture and associated injuries; how-
ever, gross instability of the main ligaments 
should be assessed and documented. Intra- 
articular injection of anaesthetic after aspiration 
of hemarthrosis can reduce patient discomfort. If 
the patient still complains about pain, then the 
evaluation can be performed in the operating 
room under general anaesthesia (Table 4.2).

The Lachman test and the anterior drawer test 
are usually performed to evaluate the ACL. The 
third ACL test, the pivot shift, cannot be per-
formed in the acute setting unless the patient is 
under anaesthesia.

Varus/valgus stress test, posterior drawer test 
and posterior sag sign can be useful to evaluate 
the presence of MCL/LCL or PCL injuries. Other 
evaluation manoeuvres are the reverse pivot shift 
test (PCL), dial test (PLC), Apley and McMurray 
(menisci), but again, in an acute setting, the reli-
ability of these tests is limited.

A. Grassi et al.



39

4.7.1  Nonoperative Treatment

The nonoperative treatment has historically rep-
resented the standard of care for decades. Current 
literature advocates surgery in order to improve 
range of motion, stability, return to daily activity 
and return to sport. However, in some cases, 
nonoperative management should be still con-
sidered. In polytrauma patients, surgery should 
be delayed until general health condition is 
restored and the patients are able to perform 
postoperative physiotherapy.

The integrity of the soft tissues should also be 
taken into account, particularly in the presence of 
blisters, abrasions and degloving injuries. These 
areas must be avoided until soft tissues have 
healed properly. In this case, photo documenta-
tion is recommended, and the plastic surgeon 
should be informed as soon as possible.

However, we must remember that because of 
the intrinsic instability of the lateral side of the 
knee, due to the lack of congruence between the 

lateral femoral condyle and the convex tibial pla-
teau, lateral ligament injuries have less tendency 
to heal nonoperatively if compared to the struc-
ture on the medial side.

4.7.2  Surgical Timing

The timing of surgical treatment of MLKIs 
should be individualized taking into account the 
ligaments injured, the neurovascular and skin 
condition and the patient’s general health condi-
tion. It can be classified in acute, early (within 
3 weeks from injury) or delayed. Another classi-
fication system is between a single-stage 
approach, in which all the injured ligaments are 
repaired or reconstructed together, and a staged 
approach, in which the medial or lateral structure 
are treated with or without the PCL (posterior 
cruciate ligament) in the early period and the 
ACL (anterior cruciate ligament) is reconstructed 
in a second surgical time.

Acute surgery is generally not performed. 
However, there are some conditions that warrant 
an urgent approach: open knee dislocation, vas-
cular injury and “irreducible” knee dislocation. 
In this case, the medial femoral condyle is forced 
through the capsule medially, and the medial 
joint capsule remains compressed between the 
articular surfaces; in this setting the knee cannot 
be reduced manually, and prompt surgery is man-
datory. In this setting, if arthroscopy is per-
formed, the surgeon must be aware that the 
presence of a damaged capsule can lead to fluid 
extravasation and compartment syndrome, thus 
contraindicating such procedure.

Some authors perform surgery after a period 
of 2–3  weeks from injury: this delay allows 
inflammatory phase to subside and the restora-
tion of the range of motion, reducing the risk of 
arthrofibrosis. Preoperative deficient ROM (range 
of motion) can negatively affect the surgical out-
come; for this reason it is important to reach an 
adequate motion before proceeding with 
surgery.

Other authors advocate an early reconstruc-
tion: a systematic review conducted by Levy 
et  al. has reported higher functional outcome, 

Table 4.2 Principal tests used for the clinical examina-
tion of the knee

Test Utility
Lachman test ACL injury (anterior translation 

increases if combined PLC injury 
is present)

Pivot shift test ACL injury
External rotation 
recurvatum test

Combined ACL and PLC injury

Dial test 10° side-to-side difference at 30° 
of flexion but not at 90° of flexion: 
Isolated PLC injury
10° side-to-side difference at both 
30° and 90° of knee flexion: 
Combined PLC and PCL injury

Posterior sag sign PCL
Posterior drawer 
test

8 mm side-to-side difference: PCL 
injury>12 mm side-to-side 
difference: PCL and PLC injury

Posterolateral 
drawer test

PLC injury

Valgus stress test MCL:
− 1–2 mm of gap in full extension 
indicates combined sMCL and 
ACL injury
– gapping at 20° of knee flexion 
indicates sMCL injury

Varus stress test LCL: at 20° of knee flexion, 
increases if PCL is injured

4 Surgical Timing in Combined Ligamentous Injuries
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IKDC and sports activity score in patients 
treated within 3 weeks. Controversies exist, but 
it is clear that the timing of surgical treatment 
should be tailored for each patient taking into 
account the neurovascular, skin and patient’s 
general health condition as well as ligaments 
injured.

If we consider an injury of the medial side of 
the knee, the treatment of choice is bracing and 
protected weight-bearing followed by cruciate 
reconstruction; this will allow the MCL (medial 
collateral ligament) to heal properly. However, 
attention should be paid in case of tibial side 
avulsion of the MCL: its close relation with the 
pes anserinus can potentially lead to a “Stener 
phenomenon” of the knee. In this case, the pres-
ence of a tendon within the damaged MCL pre-
vents the native ligament from healing. In such 
condition surgery is recommended to repair or 
reconstruct the avulsed MCL, and concomitant 
ACL/PCL surgery can also be performed.

Also on the lateral side, there are conditions 
that require early surgical intervention: high- 
grade fibular avulsion of the biceps and grade III 
LCL (lateral collateral ligament) lesions should 
be treated early in order to avoid excessive scar 
formation and soft tissue retraction.

4.7.3  Order of Ligament Fixation

Some biomechanical studies can guide the sur-
geon while deciding which ligament should be 
tensioned first in the setting of MLKI.

ACL  +  MCL or PCL (posterolateral 
Corner) + MCL.

In the contest of MLKIs surgery, if the recon-
struction of the MCL is indicated, the author usu-
ally performs a single-bundle superficial MCL 
reconstruction. If MCL and concomitant tear of 
ACL or PCL are present, Laprade et al. suggest to 
pass the cruciate graft (ACL or PCL) into the 
femur and fix them at this point without securing 
them to the tibia. The second step should be the 
MCL graft placement in their femoral tunnel, and 
lastly, the cruciate graft could be secured at the 
tibial attachment sites (Geeslin and Laprade [3]).

ACL + PLC or PCL + PLC.
If the PLC is injured together with ACL or 

PCL, varus stress increases the load on the cruci-
ate grafts. For this reason, it is reasonable to 
repair or reconstruct the PLC together with the 
ACL or PCL to unload the immature graft. In this 
setting, the fixation of the PLC graft should be 
done before the fixation of the ACL graft: this 
will avoid an external rotation of the tibia.

However, for a combined PCL and PLC injury, 
the PCL graft should be tensioned and fixed prior 
to the PLC graft fixation (Wentorf et al. [4]).

ACL + PCL + PLC.
In this setting, the PCL graft needs to be 

secured first in order to restore the central pivot 
of the knee, then the ACL is fixed, and lastly the 
PLC.

4.7.4  Author’s Suggested Protocol 
in Complex Cases (KD-IV 
and KD-V)

In complex cases, when all the four major liga-
ments of the knee are injured or when associ-
ated lesions, such as knee fractures or 
neurovascular injuries, coexisted, an external 
fixator (better if an articulated one) is recom-
mended. Main indications for the external fix-
ator are (1) unstable knee after successful 
reduction and (2) tenuous vascular repair that 
needs protection.

In these cases we recommend an open reduc-
tion surgery with the standard medial parapatel-
lar arthrotomy and, when possible, a single-bundle 
PCL reconstruction using hamstring tendons. 
Concurrently, the authors recommend to recon-
struct or repair the lateral and the medial struc-
tures if they were severely damaged and internally 
fixate any associated fractures in the acute set-
ting. After PCL reconstruction and/or caring of 
the other associated lesions, a dynamic external 
fixator should be applied (Fig. 4.3). The device 
used in our institution allows only movements in 
the sagittal plane with a reduced ROM (0°–100°). 
However, in certain patients, this protocol could 
not be applied: (1) in KD-V cases where associ-
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ated tibial or femoral fractures compromise the 
ability to perform the tunnels; (2) if there is a 
wide knee exposure that increase the risk of 
infection; and (3) in case of severe vascular 
injury. In these patients, we suggest to surgically 
treat the associated lesions but to delay the recon-
struction of the injured ligaments. Postoperative 
rehabilitation should start the day after surgery 
with continuous passive motion for the first week, 
partial weight-bearing and isometric exercises. 
For the next 3  weeks, we recommend active 
ROM with no motion restriction. Patients should 

begin to walk and perform partial weight-bearing 
and isometric exercises the day after surgery. We 
suggest to remove the EF 1 month after surgery 
and check stability and ROM.

In a series of 8 cases with KD-IV or KD-V 
treated with this protocol, Marcacci et al. reported 
Lysholm score of 77, a Tegner level of 4 and a 
subjective IKDC of 73 at 3 months of follow-up. 
All patients recovered their preinjury work activ-
ity except one unemployed patient. Based on 
IKDC assessment, stability was normal in one 
patient, nearly normal in four patients and abnor-
mal in three patients. This surgical approach to 
complex high-energy knee dislocations resulted 
in more than 60% of normal or nearly normal 
knees. These data are similar to those reported in 
the literature [5]. Moreover, the opportunity to 
stage surgery while protecting soft tissues and 
limiting the risk of knee stiffness allowed for later 
ligament reconstruction to be performed, similar 
to that performed for isolated ligament injuries.

4.7.5  Clinical Case

A 21-year-old female had ski trauma with knee 
dislocation: LCP lesion, PLC lesion and bucket 
handle tear of lateral meniscus. In emergency 
femoropopliteal bypass was performed due to 
acute popliteal ischemia, and after 1  day she 
underwent fasciotomy for compartmental syn-
drome and external fixation (Fig.  4.4). After 
4 weeks the external fixator was removed. After 
4 weeks, we performed one-stage surgical recon-
struction of PCL and MCL using a single Achilles 

Fig. 4.3 The two pictures above are preoperative of 
dynamic external fixator used in knee dislocation IV or V: 
in this case a concomitant PCL reconstruction was per-
formed as illlustrated in X-rays below

Fig. 4.4 Spanning external fixator was applied in order to 
stabilize the knee joint and avoid stress on the neo- 
vascular graft
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tendon allograft that was divided into two parts 
(Figs. 4.5, 4.6).
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Fig. 4.5 Front and 
lateral illustrations of 
the original technique 
developed by Prof 
Marcacci and Prof 
Zaffagnini for treating a 
combined PCL and 
MCL lesion. The 
semintendonous graft is 
prepared leaving the 
tibial insertion intact. 
The graft is than passed 
through a tunnel inside 
the joint, passed through 
a tunnel in the medial 
femoral condile and then 
secured on the medial 
side of the knee

Fig. 4.6 Post-op X-ray of the presented case
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Traumatic Knee Injuries

Steffen Sauer and Mark Clatworthy

5.1  Patella Dislocation

5.1.1  Background

The patella represents the largest sesamoid bone 
of the human body and is incorporated into the 
quadriceps tendon. Patella dislocations are a 
common sports-related knee injury and defined 
as the complete disengagement of the patella 
from the trochlear groove. According to the con-
sistency and associated trauma mechanism, 
patella dislocations may be subdivided into trau-
matic, recurrent and habitual dislocations. 
Traumatic (inaugural/single) dislocations are 
usually the result of a relevant trauma, typically a 
pivoting manoeuvre with a twisting movement 
about the flexed knee [1]. Recurrent (several) 
patella dislocations usually occur during normal 
activities and are facilitated by dysplastic changes 
in the patellofemoral joint [2, 3]. Habitual patella 
dislocation is defined as the consistent disloca-
tion of the patella whenever the knee is flexed. 
Predisposing factors of patella dislocation 
include genu valgum, patella alta, increased dis-

tance between the tuberositas tibia and the troch-
lear groove (TTTG distance) as well as increased 
internal rotation and anteversion of the femur [1, 
4]. The patella usually dislocates laterally, lead-
ing to a rupture of the medial patellofemoral liga-
ment (MPFL). Subsequently, the lack of medial 
retrain supported by the MPFL may lead to patel-
lar instability and recurrent dislocation, espe-
cially in cases with associated bony dysplasia or 
muscle weakness. Spontaneous reposition is usu-
ally seen, otherwise emergency reduction is 
required.

5.1.2  Symptoms

Symptoms arising from patella dislocation are 
frequently related to the preceding trauma and 
type of dislocation. Traumatic first-time patella 
dislocation usually provokes medial para-patellar 
pain as a result of capsular disruption which is 
often followed by rapid onset of effusion. 
However, effusion may be absent, especially in 
recurrent dislocations where giving way and 
locking may be the leading symptoms.

5.1.3  Diagnosis

The diagnosis is typically made with the patella 
reduced as the vast majority of patella disloca-
tions undergo spontaneous reduction. Clinical 
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 examination will usually reveal pain or a depres-
sion upon palpation of the medial retinaculum, 
usually disrupted during the dislocation. Pain 
during patellofemoral compression or palpation 
of the lateral condyle is usually present as a result 
of the patellofemoral collision during the disloca-
tion. A positive apprehension sign when the 
examiner attempts to manually reproduce the 
luxation may be present and is thought to be 
pathognomonic for patella dislocation. In patients 
with recurrent patella luxation, patellar mal-
tracking may become evident with a positive 
J-sign when the knee is extended. Massive effu-
sion is typically seen in association with osteo-
chondral lesions.

5.1.4  Imaging

Radiographs may visualize irregularities in the 
contour of the lateral femoral condyle and/or 
the medial patella facet consistent with osteo-
chondral fractures. CT scanning should be per-
formed if osteochondral lesions are suspected. 
MRI is used to visualize bone bruising as a 
result of the patellofemoral collision (Fig. 5.1) 
and identify eventual concomitant ligamentous 

or meniscal lesions. Furthermore, MRI is used 
to identify the degree of patellofemoral 
malalignment including the TTTG distance 
which has implications for the indication of 
surgical realignment procedures, such as tibial 
tubercle osteotomies.

5.1.5  Treatment

If the patella is dislocated, emergency reduction 
in indicated; the knee is hereby extended and the 
patella is reduced centrally. Following spontane-
ous or manual reduction of first-time patella dis-
location, a conservative treatment approach is 
indicated [4]. This may entail RICE (rest, ice, 
compression, elevation), initial knee immobiliza-
tion and progressive muscle strengthening. Knee 
arthroscopy may be indicated in the setting of 
chondral damage or osteochondral lesions that 
require refixation [1]. In recurrent cases of patella 
dislocation, surgical stabilization of the patella 
by either repairing or reconstructing the MPFL is 
indicated. However, there is no reliable data 
regarding joint stability or patient satisfaction 
after either conservative or operative treatment. 
Procedures that aim for correction of dysplasia as 
trochleoplasties should be reserved for cases in 
which basic surgery has failed.

5.1.6  Take-Home Message

The majority of first-time patella dislocations can 
be treated conservatively. However, acute CT 
scan is indicated in cases with massive knee effu-
sion to identify eventual osteochondral lesions 
which are suitable for subacute refixation [1].

5.1.7  Treatment Algorithm

First-time patella 
dislocation

Conservative treatment

Recurrent patella 
dislocation

MPFL reconstruction

First-time patella 
dislocation with 
osteochondral lesion

Osteochondral refixation if 
possible and MPFL 
reconstruction

Fig. 5.1 Bone bruising following patellofemoral colli-
sion during luxation
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5.1.8  Facts

• Common injury.
• The vast majority of patella dislocations relo-

cate spontaneously.
• MRI may be useful to identify typical bone 

bruising from patellofemoral collision when 
anamnesis is inconclusive.

5.2  Meniscus Injury

5.2.1  Background

Meniscal lesions are among the most common 
injuries of the knee joint and the most frequent 
indication for knee arthroscopy. Meniscal lesions 
are more often degenerative than traumatic in ori-
gin and classified after location (medial/lateral, 
anterior/posterior) and by morphology (longitudi-
nal, radial, horizontal, flap tear type, bucket han-
dle type). Bucket-handle tears are further 
classified in accordance to location and associated 
meniscal blood supply from the geniculate artery 
which has implications for healing potential 
(white-white zone, red-white zone, red-red zone) 
[5]. Meniscal lesions of the menisco- capsular 
junction area (ramp lesions) and the meniscal root 
area are further classified in accordance to spe-
cific injury pattern, which has implications for 
treatment procedures [6]. The medial meniscus is 
more frequently injured than the lateral meniscus 
due to its more rigid tibial and capsular attach-
ment [7]. However, in association with ACL 
injures, lateral meniscal tears including root inju-
ries are reported to be more frequent compared to 
medial meniscal tears [8]. The latter, however, 
may be easily missed during arthroscopy if the 
posterior menisco-capsular junction area of the 
medial meniscus is not thoroughly inspected [6]. 
The medial meniscus does not only account for 
half of the shock capacity of the medial compart-
ment but does also restrain the tibia from anterior 
translation [9]. This is the reason why a large 
number of patients with ACL injuries have con-
comitant tears of the medial meniscus [7]. The 
lateral meniscus is more mobile compared to the 
medial meniscus. As the knee moves, the lateral 

meniscus moves back and forth across the tibia 
and is hereby stabilized by menisco-femoral liga-
ments. As the lateral meniscus can absorb up to 
70% of the shock to the lateral compartment of 
the knee, total lateral meniscectomy is commonly 
associated with rapid onset of OA. Recently, the 
role of the lateral meniscus for rotational knee sta-
bility has become more evident which has empha-
sized the importance of meniscal root repairs for 
better ACLR outcomes [10]. Over time, menisci 
become more rigid and the incidence of degenera-
tive meniscal tears increases. Especially in asso-
ciation with osteoarthritis, degenerative lesions of 
the posterior horn of the medial meniscus are fre-
quently seen. There is an emerging body of litera-
ture challenging the beneficial effect of partial 
meniscectomy as a treatment strategy of these 
lesions [11, 12]. Traumatic meniscal lesions usu-
ally arise from a twisting movement about the 
flexed knee with the ipsilateral foot planted; the 
resulting compressive and rotational forces cause 
the meniscus to tear. Degenerative lesions usually 
show a subtle debut without a history of preceding 
trauma.

5.2.2  Symptoms

Symptoms arising from meniscal tears are fre-
quently related to location, morphology and ori-
gin of the lesion. Purely traumatic meniscal 
lesions are associated with a sudden onset of 
focal pain after a rotational knee trauma. 
However, the degree of instant posttraumatic pain 
is variable. Patients sustaining small tears with-
out tissue displacement usually proceed with 
sports activities. Severe tears are associated with 
more significant pain, and especially in bucket- 
handle meniscus lesions, hemarthrosis and 
reduced range of knee motion is usually present. 
However, a complete bucket-handle lesion may 
be luxated anteriorly without compromising 
range of knee motion. Other symptoms of menis-
cal injury include click sensation, catching and 
instability due to proprioceptive misinformation 
caused by the interference of meniscal tissue. 
Instability may eventually be aggravated by cru-
ciate or collateral ligament injuries. Degenerative 
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lesions often show a subtle debut of diffuse pain 
without preceding trauma. The ability to squat is 
usually compromised. A serous effusion and 
quadriceps atrophy may be encountered.

5.2.3  Diagnosis

The diagnosis of meniscal tears is based on 
anamnesis followed by clinical examination. 
Partial, horizontal and anterior meniscal tears 
without mechanical interference may present 
without clinical findings. Meniscal injuries are 
typically associated with pain upon palpation of 
the respective joint line and may be aggravated 
by a variety of meniscal provocation tests. The 
accuracy of the physical examination is depen-
dent on the type of injury and the observer [13]. 
Among the most important tests are McMurray’s 
test (pain or popping sensation over the joint line 
during external tibial rotation under repeated pas-
sive flexion/extension) [13], the Steinmann I sign 
(pain during passive knee rotation) and the 
Thessaly test [14]. The latter has recently been 
popularized as loading forces on the menisci are 
simulated; the patient stands hereby on one leg 
with the knee flexed while actively rotating the 
knee and body. Pain or locking constitutes a posi-
tive test. As no isolated test is highly conclusive, 
a combination of meniscal provocation tests is 
recommended, and multiple positive findings 
with a history of relevant trauma suggest a menis-
cal injury. A negative test does not exclude a 
meniscal lesion. Hemarthrosis and reduced range 
of motion are commonly seen in association with 
displaced meniscal tears. However, a displaced 
bucket-handle tear extending into the anterior 
horn of the meniscus is associated with little or 
no loss of extension.

5.2.4  Imaging

MRI represents the main imaging modality for 
the diagnosis of meniscal tears and shows high 
sensitivity and specificity. Especially when range 
of knee motion is compromised, MRI should be 
performed to visualize meniscal injuries that 

require immediate attention [15]. Generally, 
however, MRI findings need to be interpreted in 
relation to clinical findings. Mucoid degeneration 
of the meniscus, which is associated with an 
increased signal from the centre of the meniscus, 
is a common finding and should not be misinter-
preted as a traumatic tear. Recently, the role of 
MRI in the diagnosis of degenerative meniscus 
injuries has been challenged as consecutive 
arthroscopic procedures are rarely indicated.

5.2.5  Treatment

The treatment of meniscal tears should depend on 
location, morphology, origin as well as the corre-
lation of meniscal injuries with clinical symptoms 
and associated lesions. Other factors affecting 
treatment procedures include patient age and 
activity level. In general, treatment of meniscal 
lesions should always aim to restore the best pos-
sible function of the meniscus, consequently 
reducing pain [9]. Bucket-handle lesions 
(Fig. 5.2a, b) with high healing potential should 
be reinserted, regardless of patient age. Different 
methods are hereby used including all-inside, 
inside-out and outside-in suturing techniques, 
which are mostly dependent on lesion accessibil-
ity [16, 17]. Isolated meniscal lesions without 
mechanical symptoms and chondral erosion may 
initially be treated conservatively. Partial menis-
cectomy is indicated for cases in which resection 
of disfunctional meniscal tissue is believed to 
optimize meniscal pressure distribution by restor-
ing a sharp meniscal rim, e.g. in flap-tear lesions 
or radial tears. However, it must be kept in mind 
that the loss of functional meniscal tissue may 
enhance chondral degeneration [18, 19] (Fig. 5.3). 
Unstable meniscal lesions that affect the meniscal 
root or ramp areas should be addressed, especially 
in the setting of concomitant ACL injury. Meniscal 
root avulsions should be reattached through a 
transtibial tunnel [20, 21]. Unstable meniscal 
ramp lesions are best addressed with an all-inside 
or inside-out suturing technique through an addi-
tional posteromedial portal [22]. In contrast, 
degenerative lesions with underlying OA without 
meniscal  displacement and mechanical symptoms 
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should be treated conservatively as no evidence is 
supporting the beneficial effects of partial menis-
cectomy [5, 23–26]. Meniscus allograft transplan-
tation is an option for special cases.

5.2.6  Take-Home Message

Patients presenting with the inability to fully 
extend the knee after a relevant trauma should 
undergo subacute MRI to identify meniscal inju-
ries that require immediate attention such as 
bucket-handle lesions.

5.2.7  Diagnosis Algorithm for Acute 
Meniscal Injuries

Hemarthrosis and 
reduced range of 
knee motion

MRI to exclude fracture, patella 
dislocation, ligament lesions 
and bucket-handle meniscus 
injury

Normal range of 
motion without 
instability

RICE and re-evaluation after 
2–3 weeks

5.2.8  Diagnosis Algorithm 
for Chronic Meniscal Injuries

Plain radiographs 
show OA

Conservative treatment

Plain radiographs 
without OA

MRI to visualize meniscal 
injuries suitable for surgery

5.2.9  Treatment Algorithm

Degenerative meniscal 
lesions

Conservative treatment

Bucket-handle 
meniscal lesions

Subacute arthroscopy and 
meniscal reinsertion

RAMP lesions Inside-out or all-inside suture 
where indicated

Root lesions Transtibial root refixation

a b

Fig. 5.2 Acute bucket-handle meniscus lesion. (a) (left): 
a small meniscal rim can be seen where the meniscus has 
been detached from the capsule. (b) (right): interfering 

meniscal tissue lying between the femur and tibia may 
cause an extension deficit

Fig. 5.3 Complex meniscus injury. The central part of 
the meniscus lies between the femur and tibia as the 
bucket-handle part of the injury. The peripheral part of the 
meniscus is torn transversally leaving a lower and upper 
meniscal portion
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5.2.10  Facts

• The meniscus should always be preserved if 
possible [15, 27].

• Meniscal surgery is specialist surgery demand-
ing special techniques, especially for root and 
ramp lesions.

• There is no evidence supporting the beneficial 
effect of partial meniscectomy in patients with 
underlying OA.

5.3  ACL Injury

5.3.1  Background

The anterior cruciate ligament (ACL) enables 
stable knee kinematics by limiting internal tibial 
rotation and anterior tibial translation. As the ACL 
has migrated anteriorly during embryologic 
development to its more central position, it has 
preserved synovial coverage. The ACL has been 
thought to be comprised of two distinguishable 
bundles: an anteromedial and a posterolateral 
bundle. Recent and revisited anatomical studies, 
however, have emphasized the ribbon-like struc-
ture of the ACL [28], proposing a new nomencla-
ture in which no longer bundles are distinguished 
but direct from indirect fibres according to their 
insertional morphology [29]. Acute ACL ruptures 
are predominantly the result of a non-contact rota-
tional or hyperextensional trauma (Fig. 5.4) [30, 
31]. Altered biomechanics of the ACL-deficient 
knee may cause symptoms of instability, subse-
quent meniscal and chondral injury as well as 
osteoarthritis [32, 33]. ACL reconstruction 
(ACLR) is preformed to improve knee stability 
and shows overall satisfactory results and low 
revision rates. The therapeutic approach to ACL 
injuries has historically been a dynamic process, 
entailing repair procedures, augmentations, open 
and arthroscopic reconstructions as well as a vari-
ety of graft choices. Even though arthroscopic 
procedures are currently chosen over open 
approaches and reconstructions over repair proce-
dures, the optimal graft choice is still controver-
sially discussed. Meta-analysis of studies 
comparing the outcomes of ACLR depending on 
graft choice including auto- and allografts and 

bone-tendon versus pure tendon grafts have not 
emerged a specific superior graft [34–41]. The 
reconstruction of both ACL bundles (double- 
bundle ACLR) has been proposed by some 
authors [42, 43]. However, its necessity has been 
challenged as the procedure is technically more 
demanding without clearly improving patient out-
comes [44, 45]. In single-bundle ACLR, graft 
positioning has been a matter of debate, especially 
after the transportal ACLR technique has been 
established as the gold standard [46–48]. Patients 
with high grade pivot-shift and habitual ligament 
laxity have shown higher ACL failure rates. In 
these patients, additional extra-articular stabiliz-
ing procedures as the lateral tenodesis or anterior 
lateral ligament (ALL) reconstruction have cur-
rently been popularised and thought to lower 
ACLR failure and revision rates [49–52]. In gen-
eral, the susceptibility of ACL lesions is higher 
among women compared to men engaged in the 
same pivoting sports [53–55]. Physiological fac-
tors such as neuromuscular control and 
quadriceps- dominant deceleration, the geometri-
cal shape of the knee joint and hormonal factors 
are thought to be the explanation of this disparity 
[47, 48, 56–61].

5.3.2  Symptoms

Symptoms associated with ACL injury include a 
hearable snap at the time of injury followed by 
the inability to continue sports activity and rapid 
onset of knee effusion. Other symptoms  including 

Fig. 5.4 ACL injury: arthroscopic view
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pain and reduced range of knee motion may be 
present and are usually aggravated by concomi-
tant meniscal injuries. Subjective instability with 
or without giving way phenomenon is usually 
reported. However, subjective instability may 
first be evident when pain is resolved and the 
knee is fully loaded.

5.3.3  Diagnosis

Clinical assessment of the knee is best performed 
shortly after ACL injury before the onset of mus-
cular guarding. The Lachman’s test is referred to 
as the gold standard [62, 63]; the knee is hereby 
flexed 20–30°, and the amount of anterior tibial 
translation and the quality of the translation end-
point are evaluated by pulling the lower leg in a 
forward direction [64]. The test usually induces 
less pain and muscular guarding than the anterior 
drawers test in which the knee is flexed 90° or the 
pivot-shift test, in which a dynamic subluxation of 
the tibia is induced [65]. Meta-analysis of the effi-
cacy of these tests finds the Lachman test to be the 
most useful with sensitivity and specificity of 85% 
and 94%, respectively [62]. Especially regarding 
the anterior drawers test, PCL injury may mimic 
ACL insufficiency as the posterior sag will give 
the impression of increased anterior tibial transla-
tion, when in fact the knee is reduced to its neutral 
position. The clinical examination should include 
assessment of concomitant injuries that require 
immediate attention as bucket- handle meniscal 
lesions, acute patellar dislocations, MCL lesion, 
rupture of the popliteus tendon as well as PCL 
lesions. Hemarthrosis may be evacuated by percu-
taneous aspiration for pain relief.

5.3.4  Imaging

MRI is used to confirm the diagnosis and visual-
ize concomitant injuries. Plain radiographs may 
visualize an avulsion fracture of the lateral tibial 
plateau referred to as the Segond fracture which 
is usually associated with ACL injury [66, 67]. In 
addition, plain radiographs may visualize frac-
tures of the intercondylar eminentia which may 
be suitable for ORIF to avoid ACL insufficiency.

5.3.5  Treatment

Acute management of ACL injury include RICE 
and oral analgesics. Crutches may initially be 
indicated to avoid full weight-bearing in cases of 
severe instability. Further management including 
the necessity and timing of eventual ACL recon-
struction is dependent on several factors as 
patient age and functional level, degree of insta-
bility, the condition of the knee and concomitant 
injuries. In general, patients with concomitant 
ligament injury or unstable meniscus lesions usu-
ally need surgical reconstruction due to increased 
instability of the knee [68]. Furthermore, patients 
who experience significant knee instability wish-
ing to resume high-demand sports or occupation 
usually benefit from ACL reconstruction. Isolated 
ACL lesions with stable meniscal lesions may be 
treated conservatively, especially if return to piv-
oting sports is not desired [69]. As a general rule, 
ACL surgery is scheduled 6–8  weeks after the 
injury when normal range of motion is restored 
and peripheral structures including MCL lesions 
have healed. Injuries that need immediate surgi-
cal attention (e.g. bucket-handle injuries) should 
be addressed subacutely. Even though evidence 
is inconclusive, ACL reconstruction is often post-
poned until normal range of knee motion is 
restored to avoid complications including arthro-
fibrosis [70, 71]. However, there is no consensus 
among knee surgeons regarding optimal timing 
of ACLR. According to a systematic review of 69 
studies including 7556 participants, 90% of 
patients undergoing ACL reconstruction achieve 
normal or near normal knee function. However, 
only 55% of patients resume their preinjury level 
of competition [72]. This suggests that psycho-
logical factors like fear of reinjury may play an 
important role in the treatment of ACL injury [72, 
73]. There is no cutoff age for ACL reconstruc-
tion, and based on observational studies, it shows 
overall satisfactory results in patients over 
40 years of age [74]. Even though rigorous pro-
spective studies are rare, ACL deficiency is 
thought to be associated with increased risk of 
chondral and meniscal degeneration [75]. It 
remains a matter of debate how much the initial 
trauma itself contributes to progressive joint 
degeneration and to what extend ACL 
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 reconstruction may modulate this risk [76–78]. In 
addition, the severity of the initial trauma, extend 
of meniscal injury, knee biomechanics and subse-
quent patient activity level may affect the devel-
opment of joint degeneration.

5.3.6  Take-Home Message

A relevant knee trauma with early onset of effu-
sion is highly suspicious for ACL injury. 
Muscular guarding may conceal instability, espe-
cially concerning the anterior drawers test.

5.3.7  Treatment Algorithm

If ACLR is indicated Usually 6–8 weeks after 
injury when range of 
motion is normalized

ACL rupture with 
concomitant bucket-handle 
meniscal injury and fixed 
flexion deformity

Subacute meniscal suture 
if indicated, delayed 
ACLR until range of 
motion is normalized

5.3.8  Facts

• Up to seventy-seven percent of patients pre-
senting with traumatic knee hemarthrosis have 
an ACL injury [79].

• ACLR delay may enhance meniscus and 
chondral degeneration [80].

• ACL deficiency is associated with increased 
risk of further injury (e.g. meniscal tear), 
chronic pain and decreased level of activity.

• OA may develop regardless of treatment 
approach [76, 81].

• No graft choice has been shown to be 
superior.

• Geometrical features of the knee joint affect 
ACL injury and ACL graft failure risk [47].

5.4  PCL Injury

5.4.1  Background

The posterior cruciate ligament (PCL) is the 
strongest of the intra-capsular ligaments of the 

knee and primary restrain to posterior tibial trans-
lation [82]. As the PCL has migrated anteriorly 
during embryologic development to its more cen-
tral position, it has preserved synovial coverage. 
This extra-synovial location accounts for limited 
effusion in isolated PCL ruptures. The proximity 
to the posterior capsule, however, ensures blood 
supply to the PCL after complete rupture, which 
allows satisfactory results of primary PCL repair 
and conservative treatment in some cases [83–
85]. The femoral and tibial insertion sites of the 
PCL are approximately three times larger than its 
mid-portion diameter. The PCL is inconsistently 
accompanied by two ligamentous structures that 
stretch between the medial condyle and posterior 
horn of the lateral meniscus, referred to as the 
Humphrey and Wrisberg ligament. PCL ruptures 
may be classified based on timing (acute versus 
chronic) and severity (isolated versus multi- 
ligament). Isolated PCL ruptures are rare and 
usually the result of a fall onto the flexed knee or 
forced hyperextension. PCL lesions are more 
likely found in the setting of complex multi- 
ligament injuries after high-velocity trauma 
mechanisms. In these cases, thorough assessment 
of the knee including the neurovascular status is 
crucial for satisfactory outcomes [86]. Isolated 
PCL lesions usually show subtle clinical appear-
ance and may therefore go frequently undetected, 
leading to chronic insufficiency, a flexion deficit 
or generalized anterior knee pain [87]. The 
majority of athletes with isolated PCL injuries 
may continue to function at a high level [83, 84].

5.4.2  Symptoms

Clinical findings of acute PCL ruptures are highly 
dependent on the preceding trauma and thereof 
resulting concomitant injuries. Especially lesions 
of the posterolateral corner may severely aggra-
vate knee instability. In isolated PCL lesions, effu-
sion is uncommon as the blood usually drains into 
the posterior soft tissues and lower leg. In addition, 
muscle guarding may conceal mild instability. 
Pain in the fossa poplitea may therefore be the 
only perceptible symptom. A popping sensation is 
rarely reported, and patients with isolated PCL 
lesions are usually able to instantly resume 
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 sporting activities. In contrast, PCL lesions in the 
setting of multi-ligament lesions are usually asso-
ciated with hemarthrosis, severe instability, inabil-
ity to bear weight as well as reduced range of knee 
motion. Patients presenting with chronic PCL 
deficiency suffer from a fixed anterior subluxation 
of the medial femoral condyle in relation to the 
tibia, which may cause generalized anterior knee 
and symptoms related to degeneration of the 
medial tibiofemoral joint compartment [87, 88].

5.4.3  Diagnosis

Acute and especially isolated PCL lesions may be 
challenging to diagnose and are frequently over-
looked. Spontaneous posterior drawer sign is rare 
and primarily present with concomitant injury of 
the posterolateral corner [89]. Anterior- posterior 
translation is frequently seen in the chronic phase 
when muscular guarding is overcome [90]. In 
these cases, a positive posterior drawer test and 
positive posterior drawer palpation test are typi-
cally found (metacarpal joints of the observer’s 
hand react sensitive to hyperextension and may 
help to identify a spontaneous posterior drawer 
test). Lesions of the posterolateral corner with 
rotational instability are assessed with the dial 
test; the patient is hereby lying prone, and both 
knees are externally rotated and compared.

5.4.4  Imaging

Plain radiographs may visualize posterior tibial 
displacement or an avulsion fracture of the tibial 
PCL insertion site. Subacute MRI is indicated 
when PCL lesions are suspected. However, MRI 
does not reveal the functional status of the PCL 
and degree of instability of the lesion. Treatment 
is therefore based on anamnesis and clinical find-
ings including the degree of tibial displacement 
and associated functional instability.

5.4.5  Treatment

Displaced avulsion fractures of the tibial inser-
tion without comminution should undergo ORIF 

to prevent PCL insufficiency. Arthroscopically 
assisted procedures and fracture fixation with 
suspension devises have also shown promising 
results. Ligamentous lesions should primarily 
undergo conservative treatment including reha-
bilitation with a dynamic brace that supports 
anterior reposition of the tibia during flexion 
[91]. Results after conservative treatment with 
mild instability are usually good [84, 92]. PCL 
reconstruction (PCLR) is indicated in cases of 
chronic instability [93, 94]. Surgical results after 
PCLR, especially after severe instability, are 
worse compared to ACLR outcomes [95–97]. 
PCL lesions in the setting of a multi-ligament 
injury should be treated operatively while 
addressing all injuries in a single operation to 
ensure early mobilization which is thought to be 
of paramount importance for satisfactory out-
comes [98].

5.4.6  Take-Home Message

Isolated PCL lesions are easily overlooked. Pain 
in the fossa poplitea after a relevant trauma may 
be the only symptom.

5.4.7  Treatment Algorithm

Acute isolated PCL Dynamic bracing
Chronic PCL lesions with 
mild instability

Physiotherapy

Chronic PCL lesion with 
distinct instability

PCL reconstruction

PCL injury in the setting of 
multi-ligament lesions (e.g. 
PLC)

Multi-ligament 
reconstruction in a single 
operation

5.4.8  Facts

• PCL lesions with spontaneous posterior 
drawer sign are usually associated with lesions 
of the posterolateral corner (PLC) [89].

• Massive effusion after PCL injury is uncom-
mon as the blood usually drains into the poste-
rior soft tissues and lower leg.

• Isolated PCL lesions show good outcomes 
when treated conservatively.
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5.5  MCL Injury

5.5.1  Background

The medial collateral ligament (MCL) is one 
of the most commonly injured structures of the 
knee joint [99, 100]. Partial or complete MCL 
ruptures are typically the result of a direct val-
gus trauma, less frequently the result of indi-
rect injury mechanisms including abduction 
and rotation of the lower leg [101]. MCL inju-
ries usually carry low morbidity, in spite of the 
complex three-layered medial anatomical 
structure of the knee [102–104]. The superfi-
cial MCL (sMCL) is located within the second 
layer between the deep MCL and the sartorial 
facia. The superficial MCL is considered the 
main static retrain against valgus stress and 
rotational forces. The deep MCL lies in the 
third and deepest layer and forms the middle 
third of the medial capsule [104]. The deep 
MCL is not ascribed a significant joint-stabi-
lizing function [105]. From the second and 
third layer originates a conjoint ligamentous 
structure referred to as the posterior oblique 
ligament (POL).The deep MCL and posterior 
oblique ligament have attachments to the 
medial meniscus which explains why MCL 
injuries may be associated with medial menis-
cal tears. MCL injuries are classified into 
minor stable injuries (grade I), partial injuries 
with mild instability (grade II) and complete 
tears with severe instability (grade III). MCL 
injuries carry low morbidity and tend to heal 
without complications undergoing the follow-
ing stages: haemorrhage, inflammation, repair 
and remodelling. Most patients will resume 
pre-injury level of competitive sports follow-
ing conservative treatment. Even though most 
MCL injuries occur isolated, they may be asso-
ciated with both ACL and medial meniscus 
injury, referred to as the unhappy triad. Patients 
with chronic symptomatic MCL insufficiency 
should undergo MCL reconstruction [106, 
107]. Patients with acute MCL lesions in a 
severe multi-structural injury setting should 
undergo repair or reconstruction to ensure 
early mobilization [106, 108, 109].

5.5.2  Symptoms

Isolated MCL injury is usually associated with 
pain and periarticular swelling along the course 
of the MCL. Joint effusion is usually absent and 
typically indicates concurrent intra-articular 
structural injury. Concomitant ACL and meniscal 
injury may aggravate instability and impair range 
of motion.

5.5.3  Diagnosis

Clinical findings are tenderness along the MCL, 
predominantly at the femoral insertion site. 
Instability may be present in 20–30° of flexion 
indicating MCL insufficiency. Instability in both 
20–30° of flexion and extension is usually a sign 
of combined MCL and ACL injury.

5.5.4  Imaging

Plain radiographs may visualize a bony MCL 
avulsion. In chronic cases, an osseous irregularity 
at the femoral insertion site is seen as a result of 
repetitive trauma, referred to as the Pellegrini- 
Stieda complex [67, 110]. MRI and ultrasound 
are used to confirm the diagnosis. Stress radio-
graphs comparing both knees where manual val-
gus stress is applied may be used to quantify the 
extent of instability [111, 112].

5.5.5  Treatment

Isolated MCL sprains without valgus instability 
may be treated conservatively after the RICE 
principle (rest, ice, compression and elevation) 
[108]. Early remobilization is encouraged. Grade 
II and III lesions associated with valgus instabil-
ity require a coronal stabilizing brace for 
5–6  weeks; free range of motion is usually 
granted. Surgical intervention is rarely indicated 
as conservative treatment usually shows good 
results [107]. However, a grade III lesion is often 
associated with multi-ligament lesions where 
repair procedures or reconstruction may be 
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 indicated in a multi-ligament reconstruction set-
ting [108, 113, 114]. In chronic cases with ongo-
ing instability, MCL reconstruction is usually 
indicated [100].

5.5.6  Take-Home Message

Even though isolated MCL injury is frequently 
seen, thorough assessment of the knee is crucial 
to correctly identify concomitant meniscal or 
ligamentous injury.

5.5.7  Treatment Algorithm

Grade 
I

RICE following early remobilization

Grade 
II

Coronal stabilizing brace with free range of 
motion for 6 weeks

Grade 
III

Often associated with multi-ligament lesions 
where repair procedures or reconstruction may 
be indicated

5.6  LCL Injury/Posterolateral 
Corner Injury

5.6.1  Background

The lateral (fibular) collateral ligament (LCL) 
stretches from the lateral femoral epicondyle to 
the anterolateral aspect of the fibular head. Due to 
its tubular shape and the fact that the axial rota-
tional axis of the knee lies within the medial 
compartment [115], complete injuries of the LCL 
usually lead to significant instability and poor 
conservative healing potential. If undetected or 
untreated, chronic instability is usually seen, fre-
quently associated with a thrust gait [116, 117]. 
Isolated LCL lesions are rare and the result of a 
direct varus trauma. Most frequently, LCL lesions 
are present in the setting of multi-ligament inju-
ries following high-energy trauma mechanisms 
[118]. The most common associated injuries are 
the posterior cruciate ligament, the popliteus ten-
don and the popliteo-fibular ligament [119]. The 
latter are referred to as the main static stabilizing 
structures of the posterolateral corner (PLC) in 

conjunction with the LCL. Other structures form-
ing the posterolateral corner include the lateral 
capsule and iliotibial band, the biceps tendon and 
lateral head of the gastrocnemius muscle as well 
as variable structures as the arcuate and fabello- 
fibular ligament. Especially following high- 
energy trauma mechanisms, a fibular avulsion 
fracture (arcuate fracture) or a common peroneal 
nerve injury may be present [120].

5.6.2  Symptoms

Pain and swelling along the lateral aspect of the 
knee is usually found. Complete LCL lesions and 
associated ACL/PCL or PLC injuries lead to insta-
bility near full knee extension [121], typically com-
pounding stair climbing and pivoting manoeuvres.

5.6.3  Diagnosis

Ecchymosis and lateral joint line tenderness may 
be present and may be aggravated by concomi-
tant meniscal injuries. Coronal stability of the 
knee is assessed in 20–30° of flexion and exten-
sion. Instability in extension and 20–30° of flex-
ion is usually associated with injuries of the 
posterior capsule and cruciate ligaments. 
Rotational stability is assessed with the dial test; 
the patient is hereby lying prone, and both knees 
are externally rotated at 30 and 90° of flexion. 
The extent of external rotation is compared to the 
non-affected side. Rotational asymmetry at 30° 
but not in 90° indicates an isolated PLC injury. 
Rotational asymmetry at 30 and 90° indicates a 
combined PLC and PCL injury. Chronic instabil-
ity may become evident in a thrust gait.

5.6.4  Imaging

MRI is used to confirm the diagnosis. Plain radio-
graphs may visualize a fibular avulsion fracture of 
the biceps tendon suitable for subacute refixation. 
Stress radiographs comparing both knees where 
manual varus stress is applied may be used to quan-
tify the extent of joint opening and instability.
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5.6.5  Treatment

Isolated partial LCL lesions with no varus instabil-
ity in full knee extension may initially be treated 
conservatively. This entails RICE (rest, ice, com-
pression, elevation) and functional rehabilitation 
with a coronal stabilizing brace for 6  weeks. 
Conservative treatment of complete LCL lesions 
may result in ongoing varus instability. In these 
cases, LCL reconstruction is usually indicated. 
Patients with rotational instability should undergo 
LCL/PLC reconstruction. Patients with combined 
ACL/PCL and LCL/PLC insufficiency should 
undergo multi-ligament reconstruction [118].

5.6.6  Take-Home Message

LCL lesions are frequently associated with 
lesions of the posterior cruciate ligament and 
structures of the posterolateral corner (PLC).

5.6.7  Treatment Algorithm

Grade I and II LCL 
lesion

RICE and coronal 
stabilizing brace for 6 weeks

Grade III LCL lesion 
with coronal instability

LCL reconstruction

LCL/PLC lesion with 
rotational instability

LCL/PLC reconstruction

Multi-ligament setting Acute reconstruction 
±(ACL/PCL/LCL/PCL)

5.7  Multi-Ligament Injury

Multi-ligament injuries are predominantly the 
result of high-energy trauma mechanisms, and 
their management require high specialist exper-
tise [122]. Ongoing development in the field of 
sports traumatology has uncovered a much higher 
incidence of multi-ligament injuries than initially 
thought. Thorough assessment of the knee after 
relevant trauma is crucial to correctly identify the 
extent of complex multi-ligament injuries [86, 
123]. Multi-ligament injuries are typically 
addressed in a single operation to ensure early 
mobilization which is thought to be of paramount 

importance for satisfactory outcomes. In chronic 
situations, malalignment of the lower limb needs 
to be addressed before collateral ligament recon-
struction is performed. In acute initial manage-
ment of multi-ligament injuries, the neurovascular 
status needs to be assessed in accordance to 
ATLS principles, and CT angiography should 
always be considered in order to identify vascular 
injury, especially after knee dislocation [124, 
125]. Overlooked vascular injuries are associated 
with high morbidity and may lead to amputation 
of the lower limb [120].

5.8  Quadriceps Tendon 
and Patellar Ligament 
Rupture

5.8.1  Background

Quadriceps tendon and patellar ligament ruptures 
may be partial or complete and commonly affect 
the non-dominant knee of male patients beyond 
30 years of age. In younger patients, ruptures are 
usually the result of a direct trauma. In older 
patients, the rupture usually represents the final 
stage of prolonged underlying tendon degenera-
tion. Associated factors which are thought to 
increase the susceptibility of these ruptures 
include diabetes, connective tissue disorders, 
renal failure and the use of intra-articular injec-
tions or fluoroquinolone antibiotics [126, 127].

5.8.2  Symptoms

Patients with acute ruptures present with pain and 
swelling at the rupture site. A popping sensation 
may be noted at the time of injury, especially in 
complete ruptures, followed by the inability to 
continue with sports activity.

5.8.3  Diagnosis

Tenderness and a palpable defect at the rupture site 
of the quadriceps tendon or patellar ligament is usu-
ally found. Knee extension against resistance and a 
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straight leg rise is usually not possible. Quadriceps 
tendon rupture is associated with reduction of the 
patella height, while patellar ligament rupture is 
associated with elevation of the patella height.

5.8.4  Imaging

Ultrasound and MRI are used to confirm the 
diagnosis. Plain radiographs may show patella 
alta in patellar ligament ruptures and patella baja 
in quadriceps tendon ruptures [128].

5.8.5  Treatment

Partial quadriceps tendon and patella ligament 
ruptures may be treated conservatively with 
short-term brace immobilization in full extension 
with a progressive range of motion and weight- 
bearing protocol. Complete quadriceps tendon 
and patellar ligament ruptures should undergo 
primary end-to-end, trans-osseous or suture 
anchor repair depending on rupture site location. 
Tendon reconstruction with auto- or allografts 
may be necessary in special cases. The use of 
NSAID for pain management after acute tendon 
rupture is still a matter of controversy as both 
beneficial and deleterious effects of NSAID on 
tendon healing have been reported [129, 130].

5.8.6  Treatment Algorithm

Partial 
ruptures

immobilization with progressive ROM 
and weight-bearing

Complete 
ruptures

repair
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ACL + Anterolateral Capsular 
Injuries: Extra-articular Procedures 
in Combination with ACL 
Reconstruction
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6.1  Introduction

Anterior cruciate ligament (ACL) injury is one of 
the most frequent injuries in sportsmen with a 
reported prevalence of around 68.6/100,000 per 
year [1]. ACL reconstruction (ACLR) is one of 
the most commonly performed orthopedic proce-
dures. An ACL-deficient knee shows an anterior 
laxity and a variable degree of associated rota-
tional instability. A variable injury to the lateral 
capsulo-ligamentous structures has been hypoth-
esized in the onset of rotational laxity. Historically, 
anterior laxity in ACL-deficient knees was surgi-
cally treated with isolated extra-articular tenode-
sis, as described by Lemaire or MacIntosh. This 
procedure was effective in reducing the rotation 
of the tibial plateau relative to the femur; how-
ever, isolated extra-articular reconstructions pro-
vided only moderate control of anterior laxity. In 
addition the overall long-term results of these 
procedures were poor, and only few patients 
reported good to excellent results. The main 

drawback of these techniques is that they do not 
restore the function of the ACL in preventing 
anterior tibial translation in the medial compart-
ment. These procedures were largely abandoned 
when single-bundle intra-articular ACL recon-
struction emerged as the gold standard surgical 
treatment of ACL tear. However, traditional 
transtibial ACLR had the disadvantage of inter-
related tunnel preparation. This may lead to a 
vertical femoral tunnel, with insufficient pivoting 
control. In fact the most common problem after 
ACLR is the residual rotational instability, which 
has been described in 11–30% [2–4].

More anatomic single-bundle procedures 
(e.g., the femoral tunnel performed through an 
anteromedial portal) have the advantage of more 
horizontal graft with better rotational stability 
[5–7]. More recently double-bundle technique 
has been proposed to achieve better anatomy and 
biomechanics of the native knee. Unfortunately 
up to date there is no clear evidence of better con-
trol of rotational laxity [8–10]. Rotational insta-
bility has been also related to the injury and loss 
of function of the anterolateral structures [11, 12] 
with the anterolateral complex receiving increas-
ing interest in recent years. The anterolateral cap-
sular injury is frequently associated with ACL 
tears; the capsular avulsion is termed a Segond 
fracture when associated with bony avulsion of 
the lateral tibial plateau but does not always 
include an osseous fragment.

S. Cerciello 
Casa Di Cura Villa Betania, Rome, Italy

Marrelli Hospital, Crotone, Italy 

S. Orduna 
Abu Dhabi Knee and Sports Medicine Centre, 
Healthpoint Hospital, Abu Dhabi, UAE 

N. Darvich · P. Neyret (*) 
Burjeel Orthopedic and Sports Medicine Centre,  
Abu Dhabi, UAE
e-mail: philippe.neyret@chu-lyon.fr

6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-58245-9_6&domain=pdf
mailto:philippe.neyret@chu-lyon.fr


64

This lesion has been shown by some authors 
and references to be present in the vast majority 
of acute ACL injuries, and its presence is associ-
ated with significantly increased rotational knee 
laxity [13]. In order to improve the control of piv-
oting phenomenon in patients with anterolateral 
capsule injury, some surgeons have started using 
the addition of a lateral extra-articular tenodesis 
to the standard intra-articular ACL reconstruction 
(ACLR). Nevertheless the place and indication of 
ALL complex augmentation are still a matter of 
concern.

6.2  Anatomy and Biomechanics

The anterolateral ligament (ALL) takes origin 
near the popliteus tendon insertion and inserts 
into the lateral meniscus and tibial plateau 5 mm 
distal to the articular surface and slightly poste-
rior to Gerdy’s tubercle [14, 15] (Fig. 6.1). The 
average width of this relatively flat structure is 
8.2  ±  1.5  mm, and the average length is 
34.1  ±  3.4  mm. Histologic analysis shows a 
fibrous core surrounded by synovium; additional 
peripheral nervous innervation and mechanore-
ceptors have also been showed. Biomechanics 

studies have shown that ALL section resulted in a 
significant increase in ATT at 60° and IR at 30°, 
45°, and 60° [16]. Therefore it was postulated 
that damage of the ALL after knee sprain could 
be related to the pivot shift phenomenon. On the 
contrary the role of ALL in meniscal stability and 
in the onset of meniscal pathology remains 
unclear.

6.3  Indications 
and Contraindications

6.3.1  Indications

Extra-articular procedures should be considered 
in cases where the expected failure rate is 
increased. Therefore the primary indication for 
an extra-articular tenodesis is a 3+ pivot shift dur-
ing physical examination or severe anterior tibial 
translation of the lateral compartment. In these 
situations, isolated intra-articular reconstruction 
may not completely control excessive anterior 
tibial translation and internal rotation in the lat-
eral compartment. Other indication is in the case 
of patients with generalized hyperlaxity. Extra- 
articular augmentation is also indicated in 
patients who plan to return to collision or pivot 
sports and in female patients playing contact 
sports. The additional constraint may help to pro-
tect these knees from the high loads seen in these 
sports and may decrease the re-rupture rate. 
Extra-articular tenodesis should also be consid-
ered in patients younger than 20 years of age. It 
has been shown that these patients are at an 
increased risk of re-rupture of an isolated intra- 
articular graft. Finally, these augmentations 
should be performed in revision cases when no 
technical error of the initial procedure has been 
found.

6.3.2  Contraindications

The addition of an extra-articular reconstruction 
is contraindicated in ACL-deficient knees with an 
associated posterolateral corner injury. In this 
situation, the lateral augmentation may fix the 
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Fig. 6.1 The ALL has close interaction with the popliteus 
tendon and the iliotibial band
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tibia in a posterolaterally subluxed position. The 
extra-articular reconstruction should also be 
carefully considered and therefore modified in 
skeletally immature patients because of the risk 
of injury to the femoral physis. Older studies 
have shown increased risk of lateral tibiofemoral 
degeneration after an isolated extra-articular 
reconstruction when a previous medial meniscec-
tomy had been performed. This may have been a 
result of overtensioning of the graft leading to 
overconstraint of the lateral compartment or may 
have been related to the 4–6 weeks of postopera-
tive immobilization.

6.4  The History of Extra-articular 
Procedures

Segond was the first to describe a reinforcement 
of the lateral joint capsule by fibers of the iliotib-
ial band [17]; in addition this structure showed 
increased tension during forced internal rotation. 
Terry and LaPrade referred to this reinforcement 
as the “capsulo-osseous layers” of the iliotibial 
band and associated its injury with increasingly 
abnormal Lachman, pivot shift, and anterior 
drawer tests [18, 19]. LaPrade and colleagues 
described the same structure as the “mid-third lat-
eral capsular ligament” [19]. Campos and col-
leagues called it the “lateral capsular ligament,” 
and Vieira and colleagues referred to it as the 
anterolateral ligament [20]. Vincent and All in 
2012 reported its constant presence. This is a true 
and strong ligament better seen during a medial 
arthrotomy as during TKA.  Claes on year later 
uses the same terminology to describe a more 
superficial and shiner structure. It explains some 
confusion and misunderstanding in the descrip-
tion of the anatomy of this anterolateral complex.

6.4.1  Isolated Extra-articular 
Procedures

These operations were proposed as isolated pro-
cedures in anterior cruciate-deficient knees.

1967 Lemaire procedure [21]: A strip of ilio-
tibial band was harvested detaching it proximally. 

The strip was prepared and then passed deep to 
the fibular collateral ligament (FCL), through a 
femoral tunnel at the attachment point of the head 
of the lateral gastrocnemius. The graft was then 
passed deep to the FCL a second time and fixed 
with sutures to the iliotibial band with the knee 
flexed to 30° and held in external rotation.

1976 MacIntosh procedure [22]: A strip of 
iliotibial band was detached proximally and 
passed deep to the FCL.  The strip was then 
passed through an osteoperiosteal tunnel pre-
pared posterior to the FCL femoral attachment. 
The graft was then looped through the lateral 
intermuscular septum and sutured back onto 
itself at Gerdy’s tubercle with the knee flexed to 
90° and held in external rotation.

1978 Losee procedure [23]: An iliotibial band 
graft was detached proximally and passed 
through a femoral tunnel that originated at the 
attachment point of the lateral gastrocnemius and 
ended anterodistal to the FCL femoral insertion 
site. The graft was then sutured at Gerdy’s tuber-
cle with the knee flexed to 30° and held in exter-
nal rotation.

1979 Arnold and Coker procedure [24]: A 
strip of iliotibial band was detached proximally, 
passed beneath the FCL and popliteus tendon, 
and sutured to Gerdy’s tubercle with the knee 
flexed to 90–100° and the foot held in external 
rotation.

1979 Ellison procedure [25]: A distally 
detached strip of iliotibial band with a bone flake 
was passed deep to the FCL and anchored in a 
bone trough slightly anterior to its original har-
vest site at Gerdy’s tubercle with the knee flexed 
at 90° and held in external rotation. The capsular 
structures were reefed deep to the FCL.

1982 Benum procedure [26]: The lateral one- 
third of the patellar tendon was harvested proxi-
mally with a patellar bone block, passed deep to 
the FCL, and fixed with a staple within a bony 
groove deep to the femoral origin of the FCL 
with the knee flexed to 45° and held in external 
rotation.

1982 Andrews procedure [27]: Two strips of ilio-
tibial band were detached proximally and sutured 
and tubulized at their proximal ends. Then, the 
sutures were passed through two parallel tunnels, 
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which originated at the lateral femoral condyle and 
exited at the medial femoral condyle. After passing 
through the tunnels in the lateral-to-medial direc-
tion, the sutures were tied together over the adduc-
tor tubercle. The grafts were fixed with the knee 
flexed to 90° and held in external rotation. In addi-
tion, the grafts were fixed to ensure that the anterior 
bundle was taut in flexion and the posterior bundle 
was taut in extension.

1983 Müller procedure [28]: A strip of ilio-
tibial band was detached proximally and fixed 
with two cancellous screws to a point anterior to 
the junction of the femoral shaft and lateral femo-
ral condyle with the knee held in external 
rotation.

1990 Modified Andrews procedure [27]: The 
iliotibial band was divided, and a 20-mm-wide 
portion of the band was detached proximally. The 
strip of iliotibial band was fixed with a soft-tissue 
fixation screw and washer at the distal insertion 
of the lateral muscular septum on the linea aspera, 
just anterior to the posterior femoral cortex.

1990 Wilson and Scranton procedure [29]: A 
strip of iliotibial band was detached proximally, 
passed deep to the FCL and lateral gastrocnemius 
tendon, and sutured back onto itself with the knee 
flexed to 60° and the foot held in external rota-
tion. This extra-articular reconstruction was used 
in conjunction with an intra-articular ACL semi-
tendinosus graft reconstruction.

6.4.2  Combined Extra-articular 
Procedures

These operations were proposed in addition to 
ACLR to increase stability and achieve better 
control of pivot shift phenomenon.

1978 Dejour procedure [30]: This procedure 
has been described in 1978 and then published in 
1988. It is an open reconstruction of the ACL 
through a parapatellar approach using the middle 
third of the patellar tendon associated with a 
Lemaire procedure. The Lemaire procedure is 
performed through a 15–20  cm incision. A 
7/8 mm strip of the ITB is harvested on its upper 
portion. A 3 mm femoral tunnel is prepared hav-
ing one end between the insertion of the LCL and 

the lateral gastrocnemius and the other one just 
superior and posterior to the condylar tubercles 
slightly anterior to the intermuscular septum. A 
second, short tunnel is prepared at the level of 
Gerdy’s tubercle. The ITB strip is passed under 
the LCL to the femoral tunnel, where it is fixed 
with some sutures, back under the LCL to the 
tibial tunnel where it is fixed with other sutures 
holding the knee at 30° of flexion.

1979 Marshall procedure [31]: It was 
described as a modification of the original 
MacIntosh procedure to address both the ACL 
insufficiency and the lateral structure damage. 
The central third of the entire extensor mecha-
nism was harvested including part of the prepa-
tellar aponeurotic tissue. The tibial tunnel was 
prepared in a standard fashion and location; the 
graft was then passed through this tunnel, into the 
joint, and over the top of the lateral femoral con-
dyle to be fixed on Gerdy’s tubercule.

1985 Combined MacIntosh procedure [32]: It 
is variation of the previous isolated extra- articular 
tenodesis to perform combined ACLR and lateral 
tenodesis. A 25 cm × 4 cm ITB strip was obtained 
keeping the distal insertion in place. The graft 
was passed underneath the LCL and through a 
subperiosteal tunnel to exit anterior to the condy-
lar attachment of the lateral intermuscular sep-
tum. The strip was then retrieved in the joint and 
passed in the tibial tunnel and finally through 
another tunnel running deep from the insertion of 
the patellar tendon back to Gerdy’s tubercle. The 
fixation with nonabsorbable suture was per-
formed at three levels: the femoral attachment of 
the LCL, the exit of the subperiosteal tunnel, and 
the medial aspect of the tibial tuberosity and at 
Gerdy’s tubercle.

1986 Zarins and Rowe procedure [33]: The 
semitendinosus tendon was detached proximally 
and passed through an obliquely oriented tibial 
tunnel, across the knee joint, and over the lateral 
femoral condyle. After passing it over the lateral 
femoral condyle, the graft was passed deep to the 
FCL and sutured onto the iliotibial band. 
Similarly, the iliotibial band was passed deep to 
the FCL and over the superior aspect of the lat-
eral femoral condyle. After passing over the lat-
eral femoral condyle, the graft was passed across 
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the knee joint, through the same obliquely ori-
ented tibial tunnel as the semitendinosus tendon, 
and fixed with sutures to the semitendinosus ten-
don with the knee flexed to 60° and held in exter-
nal rotation.

1987 Lerat procedure [34]: The lateral third of 
the patellar tendon with an attached 10–12  cm 
strip of quadriceps tendon was harvested. The 
tibial tunnel was created in a standard fashion, 
and the femoral tunnel emerged just proximal to 
the LCL insertion. An additional tunnel was then 
created at the level of Gerdy’s tubercle. The 
patellar bone graft was shaped in order to obtain 
a press-fit fixation in the femoral tunnel, while 
the tibial bone block was retrieved from the tibial 
tunnel, tensioned with a metallic wire, and fixed 
over a screw. With the knee at 60° of flexion, the 
quadriceps tendon was passed underneath the 
LCL, through the tunnel under Gerdy’s tubercle, 
and sutured to itself.

1989 Ekstrand procedure [35]: It is a personal 
modification of the combined MacIntosh proce-
dure. A femoral tunnel was prepared to host the 
graft instead of the “over the top” option.

1998 Marcacci and Zaffagnini procedure 
[36]: The semitendinosus and gracilis tendons 
were harvested proximally, sutured together, and 
passed through a tibial ACL reconstruction tun-
nel. The graft exited the tibial tunnel intra- 
articularly and was passed through the posterior 
aspect of the femoral notch and over the top of 
the lateral femoral condyle. The graft was then 
passed deep to the iliotibial band and over the 
FCL and was fixed distal to Gerdy’s tubercle with 
the knee flexed to 90° and held in external 
rotation.

2011 Colombet procedure [37]: A 21 cm ham-
string graft was prepared after detachment of the 
tibial insertion. The femoral and tibial tunnels 
were drilled in a standard manner, while an addi-
tional tunnel was drilled from Gerdy’s tubercle to 
the hamstring origin. In the case of sufficient 
length, a four-strand intra-articular portion (9 cm) 
was used to replace the ACL, and two-strand 
extra-articular part (12 cm) was prepared to per-
form the lateral tenodesis. In the case of insuffi-
cient length, both the intra- and extra-articular 
portions were prepared in a two-strand fashion. 

The graft was then fixed with two screws at the 
level of tibial and femoral tunnel. The extra- 
articular portion was passed under the ITB but 
superficial to the LCL, into the tunnel in Gerdy’s 
tubercle, and finally fixed with an interference 
screw.

2013 Neyret procedure [38]: This technique 
was introduced in the 1990s; it predicts an “out-
 in” ACLR using a 9  mm central third bone- 
patellar tendon-bone graft. The tibial bone block, 
used on the femoral tunnel, was wider (around 
11–12 mm) to host a 4.5 mm drill hole. The fem-
oral tunnel was drilled just posterior and proxi-
mal to the origin of the LCL. An additional tunnel 
was created at the level of Gerdy’s tubercle. The 
gracilis tendon, which was prepared for the 
extra- articular tenodesis, was passed through the 
tibial bone block hole to obtain two strands of 
the same length. The patellar tendon graft was 
introduced into the knee through the femoral 
tunnel. The tibial bone block was impacted into 
the femoral tunnel to achieve a press-fit fixation, 
securing at the same time the gracilis into the 
bone tunnel. Tibial fixation was achieved with an 
interference screw. The two ends of gracilis were 
passed underneath the LCL and in opposite direc-
tions through a bony tunnel created in Gerdy’s 
tubercle. Final fixation was obtained suturing the 
ends to each other with the knee held at 30° of 
flexion.

6.4.3  Anterolateral Ligament 
Reconstruction

2015 Smith procedure [39]: This technique uses 
both hamstring tendons. The semitendinosus is 
used for an “all-inside” ACLR, the gracilis to 
reconstruct the ALL. Two 4.5 mm by 25 mm tun-
nels are created, one just anterior and superior to 
the femoral insertion of the LCL and the second 
halfway between Gerdy’s tubercle and the fibular 
head, around 1 cm below the joint line. A whip-
stitch is placed in the proximal end of the gracilis 
tendon, which is then passed into the femoral 
tunnel and secured with an absorbable fully 
threaded knotless anchor. The graft is then passed 
underneath the ITB and into the tibial tunnel. 
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Final fixation is performed with another fully 
threaded knotless anchor.

2015 Helito procedure [40]: It is a combined 
procedure involving tripled semitendinosus and 
single-strand gracilis in order to obtain a four- 
strand ACL and single-strand ALL. Under fluoro-
scopic control, a 5  mm metal suture anchor is 
placed at the ALL femoral attachment (3–4 mm 
distal to the halfway point on Blumensaat’s line). 
ACL femoral tunnel is performed in an out-in 
fashion and the tibial tunnel in a standard manner. 
The graft is retrieved from distal to proximal in 
order to have the four strands in the joint. Femoral 
fixation is performed first, with a line- to- line 
absorbable screw. Tibial fixation is the achieved 
with a +1 absorbable screw holding the knee at 
30° of flexion and neutral rotation. The gracilis is 
fixed on the femur using the metal anchor. Tibial 
fixation is achieved with a second suture anchor 
positioned at the anatomic insertion halfway 
between Gerdy’s tubercle and the fibular head, 
5–10 mm below the joint line. The graft is then 
passed under the ITB and is fixed with the second 
anchor sutures at 60–90° of flexion.

2016 Sonnery-Cottet procedure [41]: It is a 
similar technique, with pediculate hamstring graft. 
The tibial tunnel is performed in a standard fash-
ion. Two stab incisions are performed to create an 
additional 3.2 mm tunnel connecting the supero-
lateral corner of Gerdy’s tubercle, and the site of 
the Segond fracture (more proximal and lateral) is 
created. The ACL femoral tunnel emerged at the 
ALL isometric point. ACL graft was fixed with 
absorbable screws. The remaining part of the grac-
ilis tendon is passed deep to the ITB but superficial 
to the LCL, through the ALL tibial tunnel and then 
back through the femoral tunnel in order to create 
a Y-shaped ALL construct. The ALL graft is fixed 
with an interference screw in extension and neutral 
rotation and secured at the ACL femoral tunnel 
with the ACL graft traction sutures.

2016 Wagih procedure [42]: It is a percutane-
ous technique of ALL reconstruction using a 
polyester tape. A 5 mm transverse skin incision is 
performed at the level of femoral insertion of the 
ALL (just anterior and distal to the lateral femo-
ral condyle). A 4.5 mm tunnel is drilled over a 
2.7 mm passing pin. In a similar way, two 4.5 mm 

transverse tunnels are drilled just proximal to the 
midpoint between the head of the fibula and 
Gerdy’s tubercle leaving a 1 cm bony bridge. A 
polyester tape of 4  mm diameter and 60  mm 
length is loaded over a cortical suspensory fixa-
tion button, which is retrieved from the medial 
femoral tunnel. The two free hands of the tape are 
passed deep to the ITB and retrieved on the lat-
eral aspect of the proximal tibia. Finally the two 
strands are passed through the tibial tunnels and 
tied together over the 1 cm bone bridge with the 
knee in 30° of flexion.

6.5  Personal Technique

Lateral extra-articular tenodesis (LET) technique 
was developed to improve the anterolateral cap-
sular structure deficiency. The patient is set in 
supine position under femoral block anesthesia. 
Physical examination is performed to assess the 
degree of knee laxity with the Lachman test, 
anterior drawer and pivot shift tests, and 
 varus- valgus stress test at 0°–30°–90° of flexion. 
Surgery begins by drawing the approach line over 
the lateral area of the knee (Fig. 6.2). Tourniquet 
is positioned but not inflated.

Gerdy tubercule

Fig. 6.2 With the knee at 90° of flexion, the incision line 
is drawn
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We perform 4–5  cm incision from Gerdy’s 
tubercle along the fascia lata. After soft-tissue 
dissection, the iliotibial band is identified. With 
the aid of three retractors, a fascia lata graft of 
approximately 2  cm width and 10 cm length is 
prepared (Fig. 6.3).

The graft is prepared and released proximally 
leaving the distal end inserted on Gerdy’s tuber-
cle (Figs. 6.4 and 6.5).

A white cottony tape is then used to augment 
the graft and make strong Krackow suture in the 
end of the graft (Fig. 6.6).

The LCL is identified after blunt dissection. 
The graft is then passed under the LCL using a 
right-angle pincer (Figs 6.7 and 6.8).

After the graft is passed under the LCL, the 
femoral tunnel is performed. Its location is situ-
ated 2 mm posterior and 2 mm superior from the 
lateral epicondyle (Fig. 6.9).

A Kirschner wire is passed through both con-
dyles. The graft size is then measured, and a tun-
nel of approximately 6–7  mm in diameter and 
6  cm in length is drilled to host the graft 
(Fig. 6.10).

Fig. 6.3 Exposure iliotibial band after soft-tissue release

Fig. 6.4 Harvesting the iliotibial band

Fig. 6.5 2 cm × 10 cm iliotibial graft with the distal end 
pediculated at Gerdy’s tubercle

Fig. 6.6 Cotton tape augmentation
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A K-wire is used as a shuttle to pass the graft 
through the tunnel (Fig. 6.11).

The graft is passed through the tunnel, and it is 
fixed temporarily to perform knee stability tests, 
to confirm the full range of motion of the knee 

Fig. 6.7 Right-angle pincer under the LCL

Fig. 6.8 Passage of the graft under the LCL

Fig. 6.9 The graft lays under the LCL, and the femoral 
tunnel has been drilled 2 mm posterior and 2 mm superior 
to the lateral epicondyle

Fig. 6.10 A Kirschner wire is used to drill a 6  mm 
tunnel

Fig. 6.11 The wire loop is inside the tunnel and is used 
as a shuttle to pull the graft on the tunnel
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and the proper graft tension through the whole 
ROM (Fig. 6.12).

The graft is fixed with an interferential bioab-
sorbable screw in full extension and neutral rota-
tion of the foot (Fig. 6.13).

The iliotibial band is carefully closed avoiding 
overtightening since it is source of pain in the 
first post-op period (Fig. 6.14). A drainage is held 
for the first 24 h. A brace is used for 4 weeks. 
Passive 0–90° motion is allowed 48  h after 
surgery.

6.6  Conclusions

ACLR is a successful procedure both in terms of 
patients’ satisfaction and daily life activities. 
Return to full sports activities is less satisfactory, 
and persistent instability and re-rupture rates are 
still a concern. Anatomic and biomechanics stud-
ies have investigated the role of the structures of 
the lateral and anterolateral aspect of the knee. 
They contribute to the rotatory stability of the 
knee, thus preventing the pivot shift phenome-
non. Imaging studies have shown high rate of 
injuries of these structures in patients who have 
been diagnosed as affected by isolated ACL rup-
ture. It seems therefore reasonable to address the 
damage of the anterolateral structures in the set-
ting of an ACLR at least in specific situations. 
Historic extra-articular procedures associated to 
intra-articular ACL reconstruction has proven to 
be efficient for a long time but was abandoned for 
many years. Recently there has been a new inter-
est for these techniques, supported by the new 
anatomical and biomechanical findings and the 
new minimally invasive techniques. However 
there is still some debate about the ideal indica-
tion and the best surgical technique: for some 
surgeons it must be an anatomical reconstruction, 

Fig. 6.12 The graft is inside the tunnel. The correct ten-
sion is assessed through the whole ROM

Fig. 6.13 Bioabsorbable interferential screw is used to 
fix the graft with the knee in full extension

Fig. 6.14 Iliotibial band fascia closure
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for the others it is considered as a functional lat-
eral augmentation of the ACL graft. These differ-
ent considerations may explain the controversy 
that still exists regarding its indications.
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Clinical Applications for Combined 
MCL and PCL Injury

Mitchell I. Kennedy, Zachary S. Aman, 
and Robert F. LaPrade

7.1  Introduction

The most common injuries to the knee are of the 
medial knee stabilizers, especially the medial 
collateral ligament (MCL) [1]. The incidence of 
posterior cruciate ligament (PCL) injuries in iso-
lation is uncommon, but rather more regularly 
found with concurrent injuries of the anterior 
cruciate ligament (ACL), MCL, or posterolateral 
corner (PLC) [2].

Grade III PCL tears are reported to occur 
between 3% and 37% of patients with knee liga-
ment injuries [3], and its prevalence is more 
closely associated with multiligamentous injuries 
(MLIs) [1]. One study reports trauma- based 
MLIs involving the PCL in as many as 79% of 
cases [4]. Literature shows that in the trauma set-
ting, PCL injuries occur concomitantly with the 
ACL, MCL, and PLC in 46%, 31%, and 62% of 
cases, respectively [3]. The occurrence of iso-
lated PCL injuries is much lower, representing 
18% of all PCL injuries, with car accidents the 
predominant cause of PCL injuries, reportedly 
accounting for 57% of injuries [3, 5].

Due to the high rate of occurrence these inju-
ries portray, diagnostic procedures are essential 

for determining the structures requiring attention 
and the subsequent means for treatment. Current 
methods for approaching reconstruction of the 
PCL following injury reside between the single- 
bundle (SB) and double-bundle (DB) approaches. 
Recent literature has reported on the comparable 
outcomes of each respective treatment and found 
more favorable outcomes among the more ana-
tomically correlated DB procedure. Lack of out-
comes research following variable MCL 
treatments clouds our ability to select the most 
favorable procedure, but the predominant focus 
for future direction is upon the selection between 
repair and reconstruction. With most studies rein-
forcing the idea of anatomic reconstructions for 
properly restoring the knee to its native kinemat-
ics, this chapter will address the anatomic and 
biomechanical features of both the MCL and 
PCL, further leading into precise diagnosis, the 
most efficient means of treatment, and conclud-
ing with reported outcomes.

7.2  Anatomy

An extensive understanding of the anatomical 
characteristics of each ligament in the knee is 
vital to assure proper graft placement for recon-
structions, because most surgical solutions are 
transitioning to anatomic reconstruction 
 techniques [6]. Current literature shows consis-
tent data on the specificity of attachment sites and 
ligamentous characteristics, which is beneficial 
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for surgical intervention to restore the native 
anatomy and subsequently to restore native knee 
joint kinematics.

7.2.1  The Medial Collateral 
Ligament

The MCL, spanning between the medial aspect 
of the femur and tibia, consists of the superficial 
medial (tibial) collateral ligament (sMCL) and 
deep medial collateral ligament (dMCL), also 
referred to as the mid-third medial capsular liga-
ment [7]. The anatomic characteristics of the 
sMCL have been variable across multiple studies, 
while evaluations of the dMCL are fairly consis-
tent (Fig. 7.1).

The sMCL is the largest structure coursing 
across the medial aspect of the knee, with its 
overall length consistently reported between 10 
and 12  cm [7–10]. Anatomic studies show the 
proximal attachment of the sMCL to be oval 
shaped and centered in a small depression slightly 
proximal and posterior to the center of the medial 
epicondyle, approximately 3.2 and 4.8  mm, 
respectively [7]. However, other studies report 
the sMCL to attach directly to the medial epicon-
dyle (ME) [8–10]. The sMCL was found cours-
ing distally until two distinct tibial attachments, 
proximal and distal [7]. The proximal tibial 
attachment primarily attached to soft tissue, 
rather than directly to bone [7]. The soft tissue 
deep to this proximal attachment primarily con-
sists of the anterior arm of the semimembranosus 
tendon, which itself attaches directly to bone [7]. 
Just anterior to the posteromedial crest of the 
tibia, the distal tibial sMCL attachment is found 
within the pes anserine bursa [7]. Also, the poste-
rior tibial attachments seemingly blend with the 
posterior oblique ligament, along the tibial 
expansion of its distal aspect [7].

The dMCL courses roughly parallel to the 
anterior aspect of the sMCL and is most notably 
characterized as a thickening of the medial joint 
capsule that is deep and firmly adherent to, but 
separable from, the sMCL [7]. The dMCL con-
sists of both a meniscofemoral and meniscotibial 
section; the meniscofemoral portion attaches 

distal and deep to the femoral attachment of the 
sMCL, and the meniscotibial portion attaches 
distal to the edge of the articular cartilage of the 
medial tibial plateau [7, 8].

7.2.2  Posterior Cruciate Ligament

The PCL is the largest intra-articular ligament 
with an approximate length of 38 mm and width 
of 13 mm [11]. The PCL courses from the medial 
femoral condyle (MFC) to the posterior aspect 
of the tibia and has relations to many surround-
ing structures of the posterior knee including the 

Semitendinosus

Gracilis

Sartorius

sMCL
(femoral
insertion)

sMCL
(proximal

tibial insertion)
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(distal tibial 

insertion)

VMO

Sartorius
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Fig. 7.1 Illustration of the intact superficial medial col-
lateral ligament (sMCL) depicting the proximal femoral 
and distal tibial attachment locations. Also shown is the 
sartorius fascia, superior to the distal tibial attachment of 
the sMCL.  The sartorius, gracilis, and semitendinosus 
tendons run next to the sMCL, inserting anteriorly to the 
distal sMCL attachment site on the tibia. VMO vastus 
medialis oblique. Reprinted with permission of SAGE 
Publications, Inc. from Wijdicks CA, Michalski MP, 
Rasmussen MT, Goldsmith MT, Kennedy NI, Lind M, 
Engebretsen L, LaPrade RF: Superficial medial collateral 
ligament anatomic augmented repair versus anatomic 
reconstruction: an in vitro biomechanical analysis. Am J 
Sports Med 2013, 41:2858–66

M. I. Kennedy et al.



77

ACL, menisci, and the major neurovascular 
structures of the leg [11]. Consisting of two bun-
dles, the larger anterolateral bundle (ALB) and 
smaller posteromedial bundle (PMB) are dis-
tinct yet inseparable, each with individually 
identifiable tibial and femoral attachments 
(Fig. 7.2) [11].

In respect to the femoral attachments of each 
PCL bundle, the center of the ALB is triangulated 
between the trochlear point, the medial arch 
point, and the medial bifurcate prominence, 
while the PMB is consistently bordered by the 
medial intercondylar ridge proximally and the 
ALB anteriorly [12]. The distance measured 
between the femoral centers of each bundle aver-
aged 12.1 mm [12].

Below the articular surface of the tibia, in a 
sulcus (PCL facet) that lies between the posterior 
aspects of the medial and lateral tibial plateaus, 
the tibial attachment of the PCL is located [12]. 
The PMB footprint is noted to envelope the 
medial and posterior sides of the ALB, with the 

thickest portion of the PMB posteromedial to the 
ALB [12]. Anteromedial to the ALB and distal to 
the posterior root attachment fibers of the poste-
rior horn of the medial meniscus, the shiny white 
fibers of the posterior horn of the medial menis-
cus represent a notable landmark in the PCL facet 
[12]. In addition, the “champagne glass drop- 
off,” a prominent ridge at the most posterior 
aspect of the tibial plateau, provides a useful 
arthroscopic landmark as it consistently marks 
the distal border of the PMB [5]. The distance 
between the centers of the PMB and ALB attach-
ments of the tibia is 8.9 mm [12].

7.3  Biomechanics

Understanding the biomechanics of the knee is 
beneficial for clinical examinations and restora-
tion of knee kinematics, especially in determin-
ing the hierarchy of ligamentous structures for 
restraint of abnormal knee motion, to signifi-
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Fig. 7.2 (a) Anterior and (b) posterior views of the pos-
terior cruciate ligament (PCL). Illustration depicts the 
femoral and tibial attachment sites of the posteromedial 
bundle (PMB) and the anterolateral bundle (ALB) and 
identifiable bony landmarks. Anterior cruciate ligament 
(ACL), anterior meniscofemoral ligament (aMFL), fibular 
collateral ligament (FCL), popliteofibular ligament (PFL), 
posterior meniscofemoral ligament (pMFL), posterior 

oblique ligament (POL). Reprinted with permission of 
SAGE Publications, Inc, from Kennedy NI, Wijdicks CA, 
Goldsmith MT, Michalski MP, Devitt BM, Aroen A, 
Engebretsen L, LaPrade RF: Kinematic analysis of the 
posterior cruciate ligament, part 1: the individual and 
collective function of the anterolateral and posteromedial 
bundles. Am J Sports Med 2013, 41:2828–38
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cantly improve anatomic repairs and reconstruc-
tions [13, 14]. Many factors affect the success/
outcomes following reconstructions/repairs of 
ligamentous knee structures. Due to the immense 
complexity of the knee and its ensuing soft tissue 
composition, a diverse range of variables may 
affect the efficacy of surgical intervention in 
respect to characteristics of structure-specific 
loading across variable flexion angles, which 
ultimately can disturb native internal/external 
rotation, anterior/posterior translation, or varus/
valgus motions [13].

7.3.1  Medial Collateral Ligament

The sMCL consists of two divisions, proximal 
and distal, that each contribute to the stability of 
the medial aspect of the knee [6, 7]. Griffith et al. 
determined the functionality of each and found 
the proximal division provided primary static sta-
bilization from valgus motion at all tested angles 
of flexion (0°, 20°, 30°, 60°, and 90°) and sec-
ondary stabilization to external rotation at knee 
flexion angles greater than 90° and internal rota-
tion at flexion angles of 0°, 30°, and 90° [13]. The 
distal division of the MCL provided primary sta-
bilization for external rotation at 30° and internal 
rotation at all tested angles of flexion, while also 
providing secondary stabilization to external 
rotation at 0°, 20°, and 60° of flexion [13]. This 
data shows that the load response for the distal 
division of the sMCL is dependent upon varying 
angles of knee flexion, while no significant load 
difference was noted for the proximal division 
upon angle variation [13]. Additionally, the distal 
division was found to have an indirect role in pre-
venting abnormal valgus motion [13].

The dMCL also has various stabilizing func-
tions dependent on the meniscotibial and menis-
cofemoral portions, with the meniscofemoral 
portions having a greater role in providing stabi-
lization [13]. The meniscotibial portion provides 
secondary stabilization for internal rotation at 0°, 
30°, and 90° and valgus restraint at 60° for knee 
flexion [13]. The meniscofemoral portion like-
wise provides secondary valgus stabilization at 
all tested flexion angles and secondary stabiliza-

tion for internal rotation at 0° and 30° of knee 
flexion but also provides primary stabilization for 
internal rotation at 20°, 60°, and 90° and second-
ary stability for external rotation at 30° and 90° 
of knee flexion [13].

Structural properties of the MCL were previ-
ously reported by Wijdicks et al., in which mean 
loads at failure were determined. A detachment 
of the proximal tibial attachment resulted in load 
of 87.6 ± 36.1 N at failure, and detachment of the 
distal division resulted in a load of 557.1 ± 55.4 N 
at failure, which is comparable to a similar study 
by Robinson et  al. in which they reported the 
sMCL had a mean load at failure of 534  N [6, 
15]. However, the failure load for the dMCL was 
less consistent, with findings of 101 N and 194 N, 
while the most common means of failure occurred 
at the meniscofemoral portion (Fig. 7.3) [6, 15].

7.3.2  Posterior Cruciate Ligament

The PCL, composed of two bundles (ALB and 
PMB), is the strongest of the intra-articular knee 
ligaments and provides its stabilizing features 
predominantly as the primary restraint to poste-
rior tibial translation and secondary restraint to 
external and internal tibial rotation at flexion 
angles greater than 90° [11, 16, 17]. Posterior 
translation and rotational stability are attributed 
to its tensile strength and the complex fiber orien-
tation [11]. The ALB is the major contributor in 
tensile strength, measuring approximately 
1620 N, compared with the smaller PMB, failing 
around 258 N [18, 19]. As the knee enters increas-
ing flexion angles, the PCL takes on a greater role 
in posterior translational restraint, amounting for 
95% between 30° and 90° [20].

A more recent study by Kennedy et al. eluci-
dated specified stabilization by the PCL with 
individual analysis of the ALB and PMB and 
found that each plays a specific role throughout 
the full range of knee flexion, in the absence of 
the other. Between the flexion angles of 15° and 
90°, the ALB provides the predominant resis-
tance to posterior translation, with the PMB pro-
viding supplemental restraint [16]. Resistance to 
internal rotation beyond 90° of knee flexion 
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specifically was derived from the PMB, while 
restraint of external rotation was significantly 
lessened from the sectioning of either bundle 
[16]. In addition, the role of each bundle in 
restraint to external and internal rotation was rel-
atively small, yet still significant, most pro-
foundly beyond 90° of knee flexion [16]. Overall, 
from the few differences noted above, the ALB 
and PMB seemingly have a codominant role in 
PCL functionality and restraint to abnormal 
translation/rotation (Fig. 7.4) [16].

7.4  Diagnosis

Management of MCL and PCL injuries begins 
with an integrated physical examination. The 
posterior drawer test, quadriceps active test, and 
valgus stress test are beneficial in determining 
presence of either an isolated MCL or concomi-
tant cruciate injury. Application of a valgus stress 

load at 0° or 20° of flexion determines the sever-
ity of medial compartment gapping [21]. At 20° 
of flexion, valgus stress testing isolates the sMCL 
in determining its specific injury classification. In 
the occurrence of an isolated grade III sMCL 
tear, medial gapping of 1–2 mm at full extension 
relative to the contralateral knee is expected [21, 
22]. A concomitant cruciate injury is potentially 
present upon greater gapping of the medial com-
partment [14, 22].

PCL deficiency is evaluated by the posterior 
sag sign, the quadriceps active test, and the poste-
rior drawer test [23]. The PCL sag sign, seen 
from the lateral view in supine positioning, and 
compared to the contralateral knee, is indicated 
by an abnormal contour located on the proximal 
anterior tibia [24]. The quadriceps active test 
indicates a PCL tear from posterior tibial sublux-
ation of at least 2 mm [25]. The posterior drawer 
test compares posterior tibial laxity between con-
tralateral knees, with a greater laxity indicating a 
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Fig. 7.3 Load-displacement curve for determining load- 
at- failure (N), displacement-at-failure (mm), and stiffness 
(N/mm). When a change in displacement no longer exhib-
ited concomitant load increases, failure and displacement 
were determined. Stiffness was calculated as slope of the 
linear region just before failure on the force-versus- 
displacement curve, as the steepest straight-line tangent to 

the curve. sMCL superficial medial collateral ligament, 
POL posterior oblique ligament, MCL medial collateral 
ligament. Reprinted with permission of SAGE 
Publications, Inc, from Wijdicks CA, Ewart DT, Nuckley 
DJ, Johansen S, Engebretsen L, Laprade RF: Structural 
properties of the primary medial knee ligaments. Am J 
Sports Med 2010, 38:1638–46
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PCL injury. However, this test can be highly sub-
jective and should be followed by posterior knee 
stress imaging (Fig. 7.5) [23].

In the occurrence of combined PCL and MCL 
tears, magnetic resonance imaging (MRI) can 
detect lateral compartment bone bruises which 
are indicative of this type of injury [26]. Although 
MRI is highly accurate for the overall diagnosis 
of acute PCL tears (97–100% sensitivity), chronic 
injuries can be masked by the healing processes 
following injury [27]. Therefore, kneeling and 
telos posterior knee stress radiographs are recom-
mended for more accurate and objective diagno-
sis [27].

Kneeling stress radiographs are increasingly 
more popular from its superior reproducibility in 
evaluating the presence of PCL tears by assessing 

tibial translation between injured and uninjured 
knees [2, 28]. The telos stress device is also com-
monly used for the diagnosis of PCL tears, pro-
ducing an adjustable, quantifiable, and 
reproducible posterior force for knee analysis 
[28]. When comparing side-to-side posterior tib-
ial translation (PTT), the presence of 8–12 mm of 
increased PTT is indicative of an isolated com-
plete PCL tear, while ≥12 mm of PTT is  indicative 
of a combined complete PCL tear (Fig. 7.6) [28].

7.5  Treatment

Because of the intrinsic ability of the MCL to 
attenuate self-healing, non-operative treatment of 
an isolated MCL tear with the use of a hinged 
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knee brace usually allows for sufficient recovery 
and results in similar comparative outcomes to 
reconstructive and reparative surgical interven-
tions [29]. However, in the case of grade III MCL 
lesions concomitant with a cruciate ligament tear, 
especially MCL tears displaying valgus gapping 
in full extension, MCL reconstructive techniques 
should be opted for as posteromedial instability 
can lead to high rates of PCL and ACL graft fail-
ure [30].

Surgical techniques utilizing combined MCL 
and PCL injuries commonly encounter the obsta-
cle of femoral tunnel convergence [31]. With two 
tunnels reamed in the medial femoral condyle, 
tunnel directionality and location are delicate 
[31]. Two recent studies have identified surgical 
techniques evading this issue [30, 31].

Camarda et  al. evaluated axial and coronal 
angulations of femoral tunnels for MCL recon-
struction. A coronal angulation between 0° and 
20° yielded a tunnel convergence rate of 62.5%, 
while at an angulation of 40°, this rate decreased to 
0% [30]. However, the PCL reconstruction 
(PCLR) used in this study did not involve a DB 
technique. Recent literature reports that DB PCLR 
better restores the native kinematics of the knee 
and therefore should be implemented for multi-
ligament reconstructions [32]. Furthermore, 
Moatshe et al. report that aiming the sMCL femo-
ral tunnel anterior and proximally at 40° in axial 
and coronal planes assures the sMCL tunnel and 
two femoral PCL tunnels will avoid collision [33].

For sMCL anatomic augmented repair or ana-
tomic reconstruction, a 16 cm long semitendinosus 

baFig. 7.5 Bilateral 
valgus stress radiographs 
to detect medial-sided 
instability when 
comparing the injured 
(a) and uninjured knee; 
(b) this case shows a 
5.7 mm increase in 
medial compartment 
gapping relative to the 
uninjured knee, 
indicating a complete 
sMCL tear

a bFig. 7.6 Kneeling stress 
radiographs for 
evaluating posterior 
tibial translation (PTT) 
in the injured knee (b) 
compared to the 
uninjured knee (a). This 
case displays PTT of 
12.6 mm, indicating a 
combined complete PCL 
tear
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or gracilis graft should be harvested, initially fixed 
in a 7 mm tibial tunnel reamed 6 cm distal to the 
medial joint line, and passed deep to the sartorius 
fascia [34]. For both anatomical techniques, the 
graft can then be fixed at 20° of flexion into the 
femoral tunnel, at the femoral sMCL attachment 
site located 12 mm distal and 8 mm anterior to the 
adductor tubercle [34]. The proximal sMCL attach-
ment site is then fixed with a suture anchor 12 mm 
from the joint line [34]. Literature suggests that 
both anatomic augmented repair and reconstruc-
tion techniques are not significantly different in 
restoring native kinematics of the knee, although 
both significantly reduce laxity in the knee when 
compared to preoperative laxity measurements 
(Fig. 7.7) [34].

Due to the evidence of improved functional 
and objective outcomes of the DB PCLR tech-
nique, it is recommended that two femoral tun-

nels should be reamed to reproduce the normal 
femoral footprints of the PCL [32]. A study by 
Johannsen et al. reports that in the anteroposte-
rior (AP) femoral view, the centers of the ALB 
and PMB footprints are 34.1  ±  3.0  mm and 
29.2 ± 3.0 mm lateral to the most MFC, respec-
tively [35]. Using the lateral femur view and the 
Blumensaat reference line, Johannsen et al. also 
reported that the ALB and PMB centers are 
located 17.4 ± 1.7 mm and 23.9 ± 2.7 mm pos-
teroproximal to a line perpendicular to the refer-
ence line, which intersects the anterior margin of 
the MFC cortex [35].

For tibial tunnel placement, AP tibial radio-
graphic images showed the center of the ALB 
and PMB attachment sites were 0.2  ±  2.1  mm 
proximally and 4.9 ± 2.9 mm distally to proximal 
joint line, respectively [35]. Additionally, lateral 
tibial radiography found that the ALB and PMB 
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Fig. 7.7 Anatomic augmented sMCL repair using a sem-
itendinosus graft (a) and anatomic sMCL reconstruction 
(b). Grafts are fixated at the femoral and tibial insertions 
with interference screws, replicating the native attachment 
sites of the sMCL. sMCL superficial medial collateral 
ligament, VMO vastus medialis oblique. Reprinted with 

permission of SAGE Publications, Inc, from Wijdicks CA, 
Michalski MP, Rasmussen MT, Goldsmith MT, Kennedy 
NI, Lind M, Engebretsen L, LaPrade RF: Superficial 
medial collateral ligament anatomic augmented repair 
versus anatomic reconstruction: an in vitro biomechani-
cal analysis. Am J Sports Med 2013, 41:2858–66
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centers were located 8.4 ± 1.8 and 2.5 ± 1.5 mm 
superior to the champagne-glass drop-off, respec-
tively. In combination, the overall center of the 
PCL attachment site is 5.5 ± 1.5 mm superior to 
the same osseous landmark, and a singular tibial 
tunnel is used [32]. In the case of a concomitant 
MCL lesion, the femoral tunnels should be 
reamed in accordance to the angles previously 
suggested, to avoid tunnel convergence. 
Radiographic imaging is important for location 
of bony landmarks to assure correct tunnel place-
ment and provide a repeatable approach for intra-
operative assessments (Fig. 7.8) [35].

An Achilles tendon graft can be used for the 
ALB and a semitendinosus or tibialis anterior 
graft for the PMB, with the ALB graft being fixed 
at 90° flexion and the PMB graft being fixed at 
full extension [35–37]. By reconstructing both 

the MCL and PCL to their anatomic attachment 
sites, surgical intervention is capable of restoring 
native kinematics to the knee joint, relieving con-
tact pressures, and reducing the progression of 
osteoarthritis (OA) in long-term scenarios [32, 
37, 38].

7.6  Clinical Outcomes

7.6.1  PCL Isolated

Isolated PCL tears significantly alter joint kine-
matics and can lead to high rates of osteoarthritis 
(OA) progression or concomitant injury [38]. 
Hermans et  al. reported that isolated SB PCLR 
procedures have the ability to nearly restore nor-
mal subjective function (in 75% of patients) and 
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Reprinted with permission of SAGE Publications, Inc, 
from Wijdicks CA, Kennedy NI, Goldsmith MT, Devitt BM, 
Michalski MP, Aroen A, Engebretsen L, LaPrade RF: 
Kinematic analysis of the posterior cruciate ligament, 
part 2: a comparison of anatomic single- versus double- 
bundle reconstruction. Am J Sports Med 2013, 
41:2839–48
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significantly improve posterior knee laxity [39]. 
However, although subjective IKDC scores were 
favorable, the study reported 60% presenting evi-
dence of OA progression and ultimately failed to 
restore normal knee kinematics [39].

Emerging updates of the DB PCLR tech-
nique are promising for long-term clinical out-
comes following the analysis of several 
short-term outcome reports [2]. In one such 
study, after a mean time of 2.5 years postopera-
tive for isolated PCL lesions, Cincinnati scores 
significantly improved, with the average scores 
increasing from 49.0  ±  18.4 preoperatively to 
87.4  ±  18.0 postoperatively [5]. Additionally, 
average IKDC subjective outcome scores sig-
nificantly increased from 53.5 ± 12.2 preopera-

tively to 88.3 ± 14.6 postoperatively [5]. Lastly, 
DB PCLR significantly reduced average PTT 
from 10.4 ± 1.6 to 0.7 ± 1.1 mm, as indicated by 
preoperative and postoperative stress radio-
graphs [5]. With DB PCLR being a relatively 
new and upcoming technique, longer postopera-
tive outcome studies are needed to determine 
long-term efficacy [32]. However, short-term 
clinical outcome scores show DB PCLR lead to 
improved subjective and objective scores with 
full restoration of native kinematics of the knee 
joint through anatomic reconstruction [32]. 
Therefore, for isolated PCL tears, it is believed 
that long-term outcomes will be significantly 
improved and the prevalence of OA will be 
reduced (Fig. 7.9) [32].
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7.6.2  PCL Combined

The most common reason for graft failure in 
PCLRs is unaddressed concomitant injuries that 
result in residual instability of the knee joint [33]. 
Therefore, it is essential that all pathologies be 
attended to concurrently with PCLRs, as PCL 
tears are most frequently observed with concomi-
tant injuries [5, 33] In a study reported by 
Spiridonov et  al., 32 patients with combined 
injury had significantly increased Cincinnati 
scores with an improvement from 33.6  ±  22.3 
preoperatively to 67.5 ± 28.0 postoperatively [5]. 
Average IKDC scores and posterior translation 
also improved from 37.7 ± 19.0 to 69.3 ± 23.5 
and 16.1 ± 3.7 mm to 0.8 ± 1.1 mm, respectively 
[5]. At 6-year follow-up, Mygind-Klavsen et al. 
compared outcomes between isolated and com-
bined PCL injuries and found nearly no signifi-
cant difference in outcomes between each cohort, 
with an exception to the KOOS subscore of sport 
[40]. However, the results included a mix of SB 
and DB PCLR procedures (89% DB), requiring 
further clinical investigation [40].

Unfortunately, there is relative paucity in 
objective and functional outcomes of MCL inju-
ries associated with concomitant cruciate liga-
ment lesions. Combined MCL and PCL injuries 
are grouped into the KD-III-M and KD-IV 

cohorts of the Schenck classification system of 
knee dislocations. However, these cohorts include 
injury to the ACL and therefore must be consid-
ered while presenting combined PCL-MCL clini-
cal outcomes. Because of the complexity of 
multiligament injuries, it is often difficult to mea-
sure the isolated significance of the MCL lesion 
and its role in long-term recovery. Therefore, it is 
important that clinicians document cases that 
involve solely combined PCL and MCL injury. 
Increased understanding on treatment of these 
injuries and expected outcomes can significantly 
enhance the care for patients that present PCL 
and MCL combined lesions (Fig. 7.10).

7.7  Conclusions

The occurrence of concomitant sMCL and PCL 
injuries is relatively low, and many factors play 
into long-term patient outcomes and success of 
surgery. Obstacles like femoral tunnel 
 convergence and/or failure to diagnose concomi-
tant injuries may result in failure of restoring the 
knee to its natural state. For treatment, current 
literature reinforces anatomic reconstruction 
techniques in reestablishing kinematics of the 
knee joint. Failure may result in graft failure, 
damage to neighboring structures, or the onset of 

Fig. 7.10 Postoperative 
valgus stress radiograph 
for a case following 
superficial medial 
collateral ligament 
(sMCL) and double- 
bundle (DB) posterior 
cruciate ligament 
reconstruction (PCLR). 
Medial gapping has been 
restored to normative 
expectations, relative to 
the contralateral knee
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OA. DB PCLRs are popularized for reproducing 
both bundles of the PCL, and a significant differ-
ence between repair and reconstruction of the 
sMCL has yet to come to light; further studies are 
required to display outcomes at longer follow- 
ups and success among current surgical 
procedures.
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8.1  Introduction

Multi-ligament knee injuries present a wide spec-
trum of pathology. They can involve one cruciate 
and one or both of the collaterals or both cruci-
ates and the collateral(s). The latter is consistent 
with a knee dislocation pattern. Injuries to the 
ligaments can be partial (grade I or II) or com-
plete (grade III). Partial injuries can heal, espe-
cially when they concern the posterior cruciate 
ligament (PCL).

This chapter will focus specifically on com-
bined PCL and posterolateral corner (PLC) inju-
ries. It will briefly discuss the anatomy, function, 
history, physical exam findings, and indicated 
diagnostic tests. A classification guiding manage-
ment will be introduced. Surgical management 
will be the focus of this chapter with a detailed 
description of the authors’ preferred surgical 
technique with illustrations to each of the steps. 
The aim is to prepare the reader for (surgical) 
management of PCL-PLC injuries.

8.2  Anatomy

The PCL arises from the posterior tibial sulcus, 
just below the articular surface. It attaches to the 
femur on the anterolateral aspect of the medial 
femoral condyle. It has a broad, crescent-shaped 
footprint. The main function of the PCL is to pre-
vent posterior tibial displacement. It sees the high-
est forces in flexion [1]. The PLC is comprised of 
several distinct anatomic structures: the fibular (or 
lateral) collateral ligament (FCL/LCL), the poplit-
eus tendon (PT), and the popliteofibular ligament 
(PFL). Secondary contributing structures include 
the lateral capsule, arcuate ligament, and fabello-
fibular ligament. Lastly, there are dynamic stabi-
lizers such as the biceps femoris, popliteus muscle, 
iliotibial tracts (ITT), and the lateral head of the 
gastrocnemius muscle. The posterolateral corner 
serves several roles: the popliteus works with the 
PCL to control external rotation and varus and 
posterior translation, the popliteus and popliteo-
fibular ligaments resist external rotation during 
knee flexion, and the LCL is the primary restraint 
to varus stress at lower knee flexion angles [2].

8.3  Patient History

Evaluation of a patient with a combined PCL- 
PLC injury starts with the physical examina-
tion. There are generally two distinct types of 
multiple ligament injured knee patients. 
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Perhaps the most common, or well-known, is 
the young athlete with a high-energy sports 
injury resulting in a knee dislocation. This usu-
ally involves contact sports such as football. 
Symptoms will include pain and the inability to 
bear weight following the trauma. In this situa-
tion on-the-field management is critical, which 
involves prompt reduction, immobilization, and 
a check of the neurovascular status, followed 
by transfer to a level I trauma center [3]. 
Management will be discussed in more detail 
below.

The second group of patients involves low- 
energy injury mechanisms in the older popula-
tion. This can appear to be a relative minor injury 
such as stepping off a curb. Due to this and to the 
sometimes more obese patient body habitus, a 
knee dislocation may easily be missing. However, 
these patients require the same thorough manage-
ment as high-energy injuries [3]. Otherwise the 
injury can be limb threatening.

8.4  Physical Examination

Physical examination is extremely important in 
the evaluation of knee dislocations. Initial exami-
nation should include a thorough neurovascular 
examination. The dorsalis pedis and posterior 
tibial pulse should be palpated, an ankle-brachial 
index should be performed, and sensation to the 
foot should be tested. Approximately 25% of 
patients will have some form of peroneal nerve 
dysfunction. This may range from altered sensa-
tion to the dorsum of the foot to a complete foot 
drop. Also, in the setting of a polytrauma patient, 
the ABCs of trauma should always be employed 
first: check the airway, breathing, and circulation 
to ensure the patient is stable before proceeding 
with a musculoskeletal exam. It is advised for a 
level 1 trauma center to have an algorithm in 
place in collaboration with trauma team to treat 
these patients [3].

Although PCL-PLC injuries may present 
more often in the acute setting, they can also be 

seen in the chronic setting when initially missed 
or not properly addressed. In the chronic setting, 
when patients present to the office, physical 
examination shoulder include a gait exam to look 
for a varus of hyperextension thrust.

Further exam maneuvers should involve varus 
stress: varus laxity at 0° indicates both LCL and 
cruciate injury; varus laxity at 30° points to an 
isolated LCL injury. In addition, a dial test should 
be performed: >10° external rotation asymmetry 
at 30° only is consistent with isolated PLC injury, 
while >10° external rotation asymmetry at 30° 
and 90° points to a combined PLC and PCL 
injury. Other potential exams for instability 
include the posterolateral drawer test (combined 
posterior drawer and external rotation force) and 
the reverse pivot shift test (going from knee flex-
ion, external rotation, and valgus to extension). 
Examination under anesthesia may reveal that the 
injured extremity falls into external rotation and 
recurvatum when the legs are suspended by the 
toes with the patient supine.

8.5  Diagnostics Studies

Several diagnostic studies can be considered 
based on the clinical scenario. Initial evaluation 
starts with plain radiographs. If the knee is not 
reduced, a reduction should be performed as soon 
as possible, and radiographs should be repeated 
to confirm (Fig. 8.1). If there is any concern for a 
vascular injury based on the ankle-brachial index 
or peripheral pulse examination, angiography 
should be performed (Fig. 8.2). This can be done 
on the operating room by a consulting vascular 
surgeon, or as part of a computed tomography 
(CT) angiogram in the emergency department, 
based on the availability and further treatment 
plan. After the knee is reduced and immobilized 
with a splint, brace or external fixator and neuro-
vascular issues addressed, a magnetic resonance 
imaging (MRI) study should be obtained to eval-
uate the ligamentous injury in more detail 
(Fig. 8.3) [4].
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8.6  Classification

Multi-ligament knee injuries can be classified 
several different ways. However, for the purpose 
of management, important aspect of the injury 

are the timing, anatomic structures involved, and 
concomitant injuries that may dictate manage-
ment (Table  8.1) [5]. Associate injuries can 
involve meniscal tears, cartilage lesion, (avul-
sion) fractures, and tibiofibular joint dislocation. 
The reported incidence of proximal tibiofibular 
joint instability is 9% [6].

8.7  Treatment

When it comes to management of combined PCL-
PLC injuries, treatment will depend on the classi-
fication of the injury (Table 8.1). Treatment will 
most often be surgical unless the patient has sig-
nificant contraindications to undergoing surgery. 
In that case, bracing to keep the tibia from posteri-
orly subluxation and physical therapy to strengthen 
the quadriceps can be considered. With regard to 
surgery, consideration should include the timing of 
surgery, repair versus reconstruction of the PLC, 
one-stage versus staged treatment, and graft type.

Timing is still a topic of discussion when it 
comes to management of the multi-ligament 
injured knee. Both acute and delayed or staged 
management are good options and each has their 

a bFig. 8.1 Plain 
radiograph of a right 
knee dislocation. (a) 
Prereduction. (b) 
Postreduction, note there 
is still widening of the 
lateral joint space as 
compared to the medial 
side indicated of a 
lateral-sided injury

Fig. 8.2 Angiography image or a right knee showing a 
vascular occlusion as the result of a knee dislocation
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own indications [7]. The authors prefer acute 
management (within 1–3 weeks after the injury) 
in the setting of a sleeve-type avulsion of the pos-
terolateral corner structures where there is an 
option for repair, either with or without augmen-
tation with a graft. In this setting the authors per-
form the reconstruction of the PCL at the same 
time. However, this can also be done staged. In 
the setting of more chronic injuries or when 
repair is not an option, reconstruction of the PLC 
is preferred. In this scenario the PCL reconstruc-
tion is performed in a staged fashion, about 
2–3 months after such that the patient can work 
on improving range of motion and strengthen the 
quadriceps [1]. Both methods have been shown 
to result in good outcomes [7].

The authors’ preferred technique for acute 
PLC repair and PCL reconstruction is described 
below. The patient is placed supine on the operat-
ing room table. After general anesthesia is intro-

duced, an exam under anesthesia is performed. A 
thigh tourniquet is placed, but not inflated. An L 
bar is used to allow 90° of flexion with the foot on 
it and hyperflexion with the entire foot behind it. 
A side post is placed to allow support of the leg in 
90° as well as to administer valgus stress. The leg 
is then prepped and draped in routine sterile fash-
ion. A diagnostic arthroscopy is performed using 
a standard anterolateral and anteromedial as well 
as accessory posteromedial portal. The PCL rem-
nant is removed and the insertion sites are marked 
for anatomic tunnel placement (Fig.  8.4). An 
accessory posteromedial portal may aid in debrid-
ing and marking the tibial PCL insertion site. The 
authors prefer single-bundle PCL reconstruction 
with a transtibial tunnel technique in the setting 
of a multi-ligament injured knee [8]. A 2–3 cm 
incision is placed over the anteromedial tibial 
adjacent to the pes anserine to be used for tibial 
tunnel placement. The tibial PCL tunnel is drilled 
first using a drill guide with a guide pin (Fig. 8.4). 
This is then over-reamed to a 9 or 10 mm tunnel. 
The femoral PCL tunnel is drilled free hand from 
the anterolateral portal with a guide pin and also 
over-reamed to a 9 or 10 mm tunnel to a depth of 
approximately 20–25 mm (Fig. 8.5). The cortex 

a b

Fig. 8.3 MRI of a right knee. (a) T1 sagittal image showing complete midsubstance tear of the PCL. (b) T2 coronal 
image showing a sleeve avulsion of the posterolateral corner structures of the tibial/fibular side

Table 8.1 Multi-ligament knee injury classification

Timing Anatomic structures Associated injuries
Acute Cruciates Tendon
Chronic Collaterals Bone

Meniscus Neurovascular
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is broken with a smaller drill to allow passage of 
the suspensory fixation button. A passing suture 
is placed (Fig. 8.5). A gore smoother is placed up 
the tibial tunnel and used to facilitate the later 
graft passage. The gore smoother is then replaced 
by a passing suture up the tibial tunnel and used 
to pass the graft up the tibial tunnel (Fig. 8.6). It 
is then retrieved in the joint and passed up the 
femoral tunnel using the femoral passing suture 
(Fig. 8.7). The authors prefer using an all soft tis-
sue allograft with a suspensory fixation button on 

the femoral side. However, the use of autograft 
can certainly be considered. The button is flipped 
and this is confirmed using fluoroscopy. The graft 
is not fixed on the tibial side until after the PLC is 
addressed [9].

In the setting of a PLC injury, it can be diffi-
cult to contain arthroscopic fluid inside the joint 
and have adequate visualization. It can help to 
make the PLC incision early in the case and to 
place a lap sponge inside the incision to prevent 
extravasation of the fluid from the joint.

a b

Fig. 8.4 Arthroscopic pictures of a right knee, viewing 
through the anterolateral portal. (a) The PCL remnant is 
removed and the insertion sites are marked for anatomic 
tunnel placement. (b) The tibial PCL tunnel is drilled first 

using a drill guide with a guide pin. PCL PCL footprint on 
the tibia, PHMM posterior horn medial meniscus, MFC 
medial femoral condyle

a b

Fig. 8.5 Arthroscopic pictures of a right knee, viewing 
through the anterolateral portal. (a) The femoral PCL tun-
nel is drilled free hand from the anterolateral portal with a 
guide pin. (b) Next, it is over-reamed to the desired tunnel 

size. The cortex is broken with a smaller drill to allow pas-
sage of the suspensory fixation button and a passing suture 
is placed. MFC medial femoral condyle, PHMM posterior 
horn of medial meniscus

8 Management of Complex Knee Injuries: How to Manage Combined Posterior Cruciate Ligament…



94

Next, the posterolateral corner repair is per-
formed. A lateral hockey stick incision is placed 
at the level of the joint line. Skin flaps are 
 mobilized. The fascia is incised between the ilio-
tibial band and biceps femoris (Fig.  8.8). The 
iliotibial band is retracted anteriorly and the 
biceps femoris posteriorly. This will expose the 
PLC structures which are most often avulsed 
from the tibial/fibular side and can involve a 
LCL, popliteofibular ligament, popliteus biceps 
femoral, lateral capsule, and iliotibial band. Care 
should be taken to identify and protect the pero-

neal nerve (Fig.  8.9). Next, suture anchors are 
placed just below the joint line in the proximal 
tibia and fibular head along the entire lateral 
aspect of the knee joint. The suture strands are 
placed through the avulsed posterolateral corner 
structures, which are generally avulsed circum-
ferential together as a sleeve (Fig.  8.10). All 
sutures are then tied with the knee in a slight val-
gus stress, neutral rotation, and at 30° of knee 
flexion such that the structures are reapproxi-
mated to their anatomic origin on the bone. This 
should reduce the joint and result in equal medial 

a b

Fig. 8.6 Arthroscopic pictures of a right knee, viewing through the anterolateral portal. (a) Demonstrating the location 
of the tibial tunnel. (b) A gore smoother is placed up the tibial tunnel and used to facilitate the later graft passage

a b

Fig. 8.7 Arthroscopic pictures of a right knee, viewing 
through the anterolateral portal. (a) The gore smoother is 
replaced by a passing suture up the tibial tunnel and used 

to pass the graft up the tibial tunnel. (b) The graft is then 
retrieved in the joint and passed up the femoral tunnel 
using the femoral passing suture
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and lateral joint space, which can be confirmed 
using fluoroscopy. In young, healthy patients, 
repair only is usually sufficient as the tissue qual-
ity is excellent. If this is not the case, the repair 
may be augmented with a soft tissue allograft.

Attention is then turned back to the PCL. The 
graft is fixed on the tibial side with an interfer-
ence screw of post and washer with the knee in 
90° of flexion [10].

In about 2/3 of cases, repair of the PLC is not 
possible and reconstruction should be consid-
ered. In this case the authors perform reconstruc-
tion of the posterolateral corner according to the 

modified Larson technique, which is less techni-
cally demanding and faster than the anatomic 
technique and produces comparable stability 
[11]. The surgical approach is the same for the 
repair. A 6  mm wide all soft tissue allograft is 
used whipstitched on both ends. A 6 mm oblique 
tunnel is drilled from anteromedial to posterolat-
eral on the fibula, parallel to the joint line. The 
graft is pulled through the fibular tunnel 
(Fig. 8.11). Next, a guide pin is placed at the fem-
oral insertion site of the LCL (Fig. 8.12). A sec-
ond guide pin is placed at the femoral insertion 
site of the popliteus tendon. Both guide pins are 

Fig. 8.8 Picture of the 
lateral aspect of a right 
knee. A lateral hockey 
stick incision is placed 
at the level of the joint 
line. Skin flaps are 
mobilized. The fascia is 
incised between the 
iliotibial band and 
biceps femoris. The 
iliotibial band is 
retracted anteriorly and 
the biceps femoris 
posteriorly

Fig. 8.9 Picture of the 
lateral aspect of a right 
knee. This patient had a 
complete transection of 
the peroneal nerve as a 
result of his knee 
dislocation
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over-reamed to a 6  mm tunnel, approximately 
20–30 mm in length. The guide pins are replaced 
by passing sutures, the graft limbs are crossed to 
create a figure of eight, and each end of the graft 
is passed into the femoral tunnels to the medial 
side of the femur. The knee is placed to range of 
motion with manual tension on the graft to ensure 
isometry. The graft limbs are then tensioned with 

the knee flexed at 30°, neutral rotation, and slight 
valgus and fixed with interference screw fixation. 
In the setting of PLC reconstruction, the authors 
perform the PCL reconstruction in a delayed 
fashion, about 2 months after the PLC surgery.

At the end of the case, all incisions are copi-
ously irrigated and a layered closure is per-
formed. A sterile dressing is placed. Bilateral 

Fig. 8.10 Picture of the lateral aspect of a right knee. 
Suture anchors are placed in circumferentially around the 
lateral aspect of the proximal tibial and fibular head, and 
the corresponding suture strands are placed through the 
avulsed PLC structures, which are generally avulsed cir-

cumferential together as a sleeve. All sutures are then tied 
with the knee in a slight valgus stress between at 30° of 
knee flexion such that the structures are reapproximated to 
their anatomic origin on the bone

a b

Fig. 8.11 Picture of the lateral aspect of a right knee. (a) 
A guide pin is drilled from anteromedial to posterolateral 
on the fibula, parallel to the joint line. This is over-reamed 

to a 6 mm tunnel. (b) A 6 mm allograft, whipstitched on 
both sides, is pulled through the fibular tunnel

C. F. van Eck and M. Hussein



97

thigh high compression stockings are applied, 
and the operated knee is placed in a hinged knee 
brace locked in extension. The most common 
complications of the surgery are arthrofibrosis 
and peroneal nerve injury (15–29%).

8.8  Rehabilitation

Postoperative rehabilitation should be conserva-
tive for the first 6 weeks. The knee is immobi-
lized in a hinged knee brace in extension for 
ambulation for 12 weeks. After the second week, 
it may be unlocked for range of motion exercises. 
This can start prone to prevent posterior say. At 
this time, mini squats can then also be started to 
further strengthen the quad. A stationary bike can 
be used, but ensure a low resistance, high seat, 
and no toe clips to prevent hamstring contraction. 
The authors do not recommend using a continu-
ous passive motion (CPM) machine as this may 
allow posterior sag. The brace should be locked 
in extension for straight leg raises for 6 weeks to 
prevent posterior tibial translation. However, it 
may remove when quad control is good enough 
to prevent extension lag. The patient is non- 
weight- bearing for 6 weeks, then partial weight- 
bearing for 6 weeks, and then full weight-bearing 
at 12 weeks. Active hamstring activity should be 

avoided for 8 weeks, and hamstring  strengthening 
for 16 weeks. Return to manual labor is usually at 
3–6  months. Return to sports is between 9 and 
12 months. Criteria for return to sports are full 
painless range of motion, no effusion, quadriceps 
and hamstring strength ≥90% of the contralateral 
side, and no apprehension with all sports-specific 
drills [12].

8.9  Outcome

Across literature, good outcomes are reported for 
the surgical treatment of multi-ligament injured 
knees, including those with injuries to the pos-
terolateral corner. However, outcomes are not as 
good as those for isolated ligament surgery, such 
as anterior cruciate ligament (ACL) reconstruc-
tion. In addition, recovery time, return to work, 
and sports are slower. Overall, surgical treatment 
resulted in an International Knee Documentation 
Committee (IKDC) score of 58%, 72% return to 
work rate, and 29% return to sports. In  comparison 
for non-operative management, this was only 
20% IKDC score, 52% return to work, and 10% 
return to sports. Those treated with early surgery 
did better than those treated later. There does not 
appear to be a difference in outcome between 
repair and reconstruction [6, 13, 14].

Fig. 8.12 Final view 
after passing each end of 
the graft into femoral 
tunnels. LCL lateral 
collateral ligament
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8.10  Conclusion

Combined PCL-PLC injuries are rare and the 
examination to quantitate these injuries is very 
challenging. Careful examination comparing the 
involved and uninvolved knees possibly with the 
use of stress fluoroscopy can help in grading 
these injuries. Physical examination should also 
include a thorough neurovascular exam. 
Advanced imaging may include (CT) angiogra-
phy and MRI. Treatment is surgical in the over-
whelming majority of cases. This can be acute 
repair or reconstruction of the posterolateral cor-
ner with acute or delayed/staged PCL reconstruc-
tion. Rehab, return to work, and sports are slower 
than isolated ligament reconstruction, such as 
ACL surgery. Clinical outcomes are also less suc-
cessful and the patient has to understand this and 
have realistic expectation. Complications include 
failure of the repair/reconstruction, peroneal 
nerve injury, and arthrofibrosis.
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ACL-PCL Lesions

Gaetano Lo Bue and Fabrizio Margheritini

Combinated anterior and posterior cruciate liga-
ment (ACL/PCL) lesions are rare, usually are 
caused by closed knee dislocations, and often are 
associated with peripheral injuries. The mecha-
nism of injury can be of two types: high-energy, 
as a traffic accident, and low-energy mechanism 
that occurs, for example, during sport contact 
accidents. The result of bicruciate ligament lesion 
is a painful and debilitating knee instability. It 
involves a discomfort for the patient, not only in 
sports but also in daily activities [1, 2].

The role of the cruciate ligaments is essential 
in the kinematics of the knee. Respectively, the 
ACL is the primary restraint to anterior displace-
ment of the tibia on the femur and a secondary 
stabilizer to tibial rotation; instead the PCL pre-
vents the knee from excessive backward motion 
of the tibia and secondary restraints to external 
and internal tibial rotation at flexion angles 
greater than 90° [3]. Together the cruciate liga-
ments form a central “pivot” controlling rota-
tional stability to the knee.

Surgical treatment of ACL/PCL lesions is nec-
essary to restore knee kinematics, and although 
early arthroscopically assisted reconstruction has 
been recommended by several authors [4, 5], 

often this is not possible in the polytraumatized 
patient with severe injuries [6]. In fact surgical 
timing of acute ACL/PCL repair depends on the 
vascular status of the extremity, the condition of 
the skin, the patient’s overall health, and the 
peripheral ligaments tears associated [5].

In the orthopedic literature, surgical treat-
ments of combined ACL/PCL tears are different 
in timing, techniques, and graft choice [7]. 
Historically, a two-stage cruciate ligament 
reconstruction has been advocated because of 
difficulties in surgical treatment and rehabilita-
tion with one-stage treatment [8, 9]. However 
since more recently, the single-stage procedure 
has been popularized due to the possibility of 
creating a correct central vertical rotation axis, 
by tensioning and fixing the two grafts at the 
same time.

Although some authors lean toward delayed 
surgery because it has been shown to decrease the 
incidence of arthrofibrosis [10], recent studies 
have demonstrated that one-stage arthroscopi-
cally assisted ACL/PCL reconstruction, when it 
is possible between 10  days and 3  weeks, is a 
reliable and safe procedure for ACL/PCL recon-
struction [5].

For the reconstruction of cruciate ligaments, a 
universally accepted graft choice does not exist, 
and both allografts [11] and autografts [12] have 
been used. The difficulty in the choice of the 
grafts depends on advantages and disadvantages 
of each, like donor-site morbidity, biomechanical 
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properties of the graft tissue, and weakening of 
extensor apparatus.

Concerning the surgical techniques, our pre-
ferred approach is the full arthroscopic, single- 
bundle (pro anterolateral (AL) bundle) PCL 
reconstruction and single-bundle anatomical 
ACL reconstruction.

9.1  Surgical Technique

9.1.1  Position, Physical 
Examination, and Imaging

The patient is positioned supine on the operating 
room table. The legs lie on the fully extended 
operating table, with a support used to hold the 

knee at 90 degrees of flexion (Fig. 9.1a, b). This 
position allows to move the popliteal neurovascu-
lar bundle as posterior as possible by simple 
gravity force. Furthermore, holding the knee at 
90° allows an easier access to the posterior area 
of the joint, in case of emergency, a simple switch 
to any open peripheral procedure as well as the 
bleeding reduction. A lateral post is used, while a 
tourniquet is placed, but in our practice we do not 
inflate it during all the procedure in order to 
check the bleeding and in case to control, imme-
diately by using RF system. In our practice a 
complete X-rays protocol is part of the preopera-
tive assessment including long-standing X-rays 
films, Rosenberg view, and stress X-rays [13] 
(Fig. 9.2). MRI is requested in order to confirm the 
presence of associated both cartilage and meniscal 

a b

Fig. 9.1 (a, b) Patient position, the skin is marked to facilitate the placement of arthroscopic portals and the graft 
harvesting

Fig. 9.2 Stress X-ray of 
right PCL-deficient  
knee of approximately 
13 mm side to side
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lesions. An examination under anesthesia (EUA) 
is always performed in the operating room as it 
confirms previous physical exam diagnoses.

9.1.2  Graft Selection 
and Preparation

Our preferred graft choice lies in the autograft 
hamstring ipsi- and contralateral for both cruciate 
reconstructions. In case of severe anteroposterior 
instability, with a posterior tibial subluxation 
superior than 12 mm, a quadriceps tendon bone is 
preferred for PCL reconstruction. Graft harvest-
ing is usually accomplished after an initial diag-
nostic arthroscopy, and in order to save time, an 
additional surgeon is taking care of the graft 
preparation in the backtable, locking Krackow 
whipstitches at each end of the graft with no. 2 
FiberWire (Arthrex, Naples, FL).

9.1.3  Arthroscopic Reconstruction

Standard anterolateral and anteromedial portals 
are used for diagnostic arthroscopy to confirm the 
bicruciate lesions and to exclude other ligaments 
and menisci tear. Posteromedial and posterolat-
eral access are established, and a transeptal portal 
is performed by using alternatively a radiofre-
quency system (Fig. 9.3) and a motorized shaver 
inserted through the posteromedial portal, while 
keeping the camera in the posterolateral access 
(Fig. 9.4). We found that the use of a transportal 
access helps in reducing the surgical time, con-
firming the accuracy of PCL tunnel placement 
(Fig.  9.5), and controlling unexpected from the 
middle geniculate artery. In order to control the 
normal bleeding during the entire procedure (due 
to the tourniquet unuse), we do use a fluid pump 
for the entire procedure. By controlling step by 
step the pressure of the fluid, we reduce the risk 
of iatrogenic vascular lesion, while drilling the 
PCL tibial tunnel (by pushing away from the 
working area the posterior capsule and vessels), 
while at the same time by keeping the intra- 
articular pressure of the system as low as possi-
ble, we reduce the risk of extravasation.

The tunnels are drilled in the following order: 
(1) PCL tibial tunnel, (2) PCL femoral tunnel, (3) 
ACL femoral tunnel, and (4) ACL tibial tunnel. 
Both tibial tunnels are drilled by meaning differ-
ent directions and angles in both the coronal and 

Fig. 9.3 Preparation of the transeptal portal: the camera 
is on the posterolateral access, while the RF from the pos-
teromedial portal is cleaning the posterior fibrous septum

Fig. 9.4 External view of the transeptal portal at the 
moment of PCL tibial tunnel preparation
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the sagittal plane, in order to not create crossing 
tunnels. Ideally we try to drill a PCL tunnel with 
an angle of 60° or more in the sagittal plane, in 
order to reduce the killer turn effect. The goal of 
single-bundle reconstruction is to reproduce the 
anterolateral component of a PCL. The posterior 
tibial tunnel opening should exit the posterior 
tibia within the PCL footprint near the distolat-
eral fibers. The transtibial PCL tunnel is drilled 
from the anteromedial aspect of the proximal 
tibia 1 cm below the tibial tubercle and exits pos-
teriorly at approximately 1 cm below the articular 
surface of the medial tibial plateau slightly lateral 
to the midline at the PCL insertion site.

A femoral tunnel for the AL bundle of the 
PCL reconstruction is created with an outside- in 
technique with the entry point in the joint around 
10  mm from the articular cartilage margin and 
should encompass the AL fibers of the footprint. 
The ACL is reconstructed by using a single-bun-
dle anatomical technique, after placing an addi-
tional low anteromedial portal. After drilling the 
tunnels, the PCL graft is passed in the joint from 
distal to proximal. The PCL graft pass around the 
posterior corner is facilitated by inserting a blunt 
trocar [14] (Fig.  9.6) from the posterior portal, 
while the ACL graft is passed in the standard 
fashion. The proximal graft fixation is accom-
plished with a bioabsorbable screw for the PCL 
graft and by using an EndoButton (Smith 
&Nephew, Andover, MA) for the ACL (Fig. 9.7).

9.1.4  Final Graft Fixation

After cycling the knee 30 times by holding the 
grafts with a 20 N of tension, the PCL is fixed 
first. The PCL tibial fixation is placed with the 
knee in 90° of flexion and under graft suture ten-
sion with an anterior drawer placed to establish 
the normal tibial step-off. A bioabsorbable 
screw of 1 or 2 mm wider than the tunnel size is 
used with an anatomical placement closer to the 
intra- articular tibial tunnel entrance (Fig.  9.8). 

Fig. 9.5 Transeptal view of the tibial PCL guide 
position

Fig. 9.6 Preparation of the PCL graft passage by using a 
blunt trocar inserted from the posteromedial access

Fig. 9.7 Passage of the ACL graft, on the L side of the 
picture is visible the PCL graft already in situ
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An additional screw and a washer may be placed 
at this time in order to produce a better biome-
chanics [15]. After fixation, a posterior drawer 
is checked for satisfactory stability. Once con-
firmed, the ACL tibial fixation is placed. The 
four limbs of the hamstring graft are splayed 
apart, and under a manual tensioner, a bioab-
sorbable screw is placed accommodating the 
size of the graft. This provides adequate fixa-
tion, and an intraoperative Lachman test is per-
formed to ensure stable cruciate fixation 
(Fig. 9.9).

9.1.5  Postoperative Rehabilitation

The knee is maintained in full extension for 
4  weeks non-weight-bearing; then progressive 
weight-bearing is achieved. Progressive range of 
motion occurs from weeks 1 through 6, avoiding 
posterior subluxation by holding the knee with a 
gentle anterior drawer.

Progressive closed kinetic chain strength 
training and continued motion exercises are per-
formed from week 4. The brace is discontinued 
after 10  weeks during the day, while it is kept 
during the night for some more 4 weeks. Return 
to sports and heavy labor occurs after 10 months, 
when sufficient strength and range of motion 
have returned.
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Management of Combined 
Anterior Cruciate Ligament 
and Posterolateral Corner Injury 
of the Knee
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10.1  Introduction

Evaluation of the overall stability of the anterior 
cruciate ligament (ACL)-deficient knee can be 
difficult because of the multitude of additional 
anatomical structures that can be injured. With 
the improvement of overall knowledge of the 
knee-stabilizing structures, it is clear that many 
lesions are not isolated and occur within a 
potentially complex context of instability. 
Consequently, the concept of multiligament 
injury has evolved in recent years due to many 
anatomical and biomechanical studies which 
enhance the understanding of injury mechanisms 
and validate reconstruction techniques. Among 
those complex ligamentous injuries, the most 
common association is ACL and posterolateral 
corner (PLC) [1, 2].

Isolated reconstruction of ACL injury, without 
treatment of concomitant PLC tear, could lead to 

altered knee biomechanical behaviour with a 
high risk of persistent instability, ACL graft fail-
ure and early osteoarthritis occurrence [3, 4]. 
PLC has long been considered as the dark side of 
the knee, due to the limited understanding of the 
anatomy, biomechanics function and uncertain 
surgical outcomes. The objective of this chapter 
is therefore to offer surgeons help in the manage-
ment of associated ACL and PLC injuries. After 
discussing the epidemiology of these injuries, the 
anatomical and biomechanical aspects of the 
PLC will be described, highlighting the keys 
points required to perform an anatomical recon-
struction. We will also define the clinical and 
MRI elements needed to diagnose this combined 
injury. Finally, we will propose a treatment algo-
rithm based on recent literature.

10.2  Epidemiology

The incidence of multiligament injuries increases 
each year. With the improvement of diagnosis 
procedure and awareness, this increase is proba-
bly due to the diagnosis of previously unnoticed 
and underdiagnosed lesions. Subsequently, the 
true incidence of PLC injury is difficult to esti-
mate. The rate of isolated PLC injury has been 
reported by clinical studies around 5% of all 
knee injuries [5], 28% of all PLC injury [6] and 
around 2% for MRI studies [7]. However, when 
the PLC injury was associated with a tear of a 
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central cruciate ligament, the incidence is 
increased: 16% among all knee ligament injuries 
and 9% among all acute knee injuries with a 
hemarthrosis [7]. LaPrade et al. [7] reported that 
87% of the patients with PLC tear have a multi-
ligament injury and 70% of those PLC patients 
had a  combined ACL injury. Temponi et al. [8] 
concluded that 20% of the patients with an ACL 
injury had a concomitant PLC injury. 
Consequently, two messages are clear: PLC inju-
ries are a common part of a multiligament injury 
pattern, and the management of a central cruci-
ate ligament tear must include an examination of 
the lateral side of the knee in order to not miss a 
PLC injury.

10.3  Anatomy

In order to identify the damaged structures and 
then reconstruct or repair it, precise knowledge 
of the anatomy is required. In this paragraph, we 
will also present the key anatomical points 
needed to perform an effective reconstruction. 
The PLC is composed of three primary struc-
tures, the fibular collateral ligament (FLC), the 
popliteus tendon (PLT) and the popliteofibular 
ligament (PFL), and by many secondary stabiliz-
ers, the posterolateral capsule, the biceps femoris 
tendon, the lateral gastrocnemius tendon, the ilio-
tibial band (ITB), the coronary ligament, the 
fabellofibular ligament, the arcuate ligament 
complex and the proximal tibiofibular ligaments. 
These structures are classified into static and 
dynamic stabilizers. Their anatomy, their main 
functions and the main surgery key points are 
summarized in Table 10.1.

10.3.1  The Fibular Collateral 
Ligament (FCL)

The femoral insertion is located proximal 
(1.4 mm) and posterior (3.1 mm) to the lateral 
epicondyle in a small bony depression [9]. This 
attachment is posterior and proximal to the PLT 
insertion. The distance between these two struc-
tures, approximately 18.5 mm [9], is a key ana-

tomic relationship that is important to reproduce 
during the surgical reconstruction, demonstrat-
ing the requirement for two femoral tunnels [10]. 
This proximal insertion can be identified through 
a longitudinal incision of the ITB.  The FCL 
course is extra-articular underneath the ITB, 
with an average of 70 mm in length and a maxi-
mal length at 30° of knee flexion [9]. The fibres 
run slightly posterior to terminate on the lateral 
part of the fibula head. The distal insertion is 
located 28 mm distal to the tip of the fibula head 
(fibular styloid) and 8 mm posterior to the ante-
rior margin [9]. During surgery, an incision 
through the biceps bursa of the biceps femoris 
tendon is required to identify the distal FCL 
insertion.

The FCL is the primary restraint to varus of 
the knee at all flexion angle. In lower degrees of 
flexion, it also helps to control the external rota-
tion torque [11, 12].

10.3.2  Popliteus Tendon (PLT)

The PLT femoral insertion is located in the proxi-
mal fifth of the popliteal sulcus, posterior to the 
lateral femoral condyle cartilage and antero- 
distal to the lateral epicondyle [9]. From this 
attachment the tendons have an intra-articular 
course (posterior and distal direction), running 
underneath the FCL, passing lateral to the lateral 
meniscus (popliteal hiatus) and then becoming 
extra-articular and curving down to the posterior 
part of the tibia. It originates from the myotendi-
nous junction of the popliteus muscle, above the 
soleal line of the tibia posteriorly. The average 
length is 55 mm [9].

10.3.3  Popliteofibular Ligament 
(PFL)

The PFL originates from the popliteus musculo-
tendinous junction and inserts on the posterome-
dial aspect of the fibula head (tip of the styloid 
process) [9, 12]. It is divided into anterior and 
posterior sections. The PFL connects the PLT to 
the styloid process of the fibula head. It consti-
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tutes a pulley for the PLT, allowing it to have a 
horizontal action.

Both PLT and PFL constitute the popliteal 
complex which has a dual static and dynamic 
effect of the knee. Its function is to stabilize 
external rotation, whilst the knee is hyperflexed 
(60 to 90° of knee flexion) [11, 13].

10.3.4  Secondary Stabilizers

The long head of the biceps femoris tendon: 
Before inserting on the fibula head, the long head 
of the biceps femoris divides into the direct and 
the anterior arms [11]. Both arms enclosed the 

FLC insertion on the fibula head. As explained 
before, to access the distal FCL attachment, a 
small longitudinal incision through the tendon is 
required to access the interval (biceps bursa) 
between the two arms. Moreover, the posterior 
edge of this tendon, before its attachment on fib-
ula head, is a good anatomic landmark to locate 
the common peroneal nerve, especially in acute 
reconstruction. This tendon is a flexor and exter-
nal rotator of the knee. Its function is to control 
tibial internal rotation, to provide dynamic stabil-
ity at varus angulation and to prevent excessive 
tibiofemoral anterior translation.

The lateral gastrocnemius tendon: The lateral 
gastrocnemius tendon arises 15 mm posterior to 

Table 10.1 Anatomic and biomechanics characteristic of main PLC structures

Origin Insertion Main function Surgery key points
Static stabilizers
Fibular collateral 
ligament (FLC)a

Lateral femoral 
epicondyle

Fibula head 
(lateral part)

Varus control Distance 
FLC-PLT = 18.5 mm

Popliteofibular 
ligament (PFL)a

Popliteus 
musculotendinous 
junction

Styloid process 
(fibula head)

External rotation control

Proximal 
tibiofibular 
ligaments

Medial aspect of the 
fibula head

Lateral aspect of 
the tibia

Proximal tibiofibular 
joint stabilizer

Search potential 
tibiofibular joint instability

Coronary 
ligament

Lateral meniscus Posterolateral 
edge of the tibia

Hyperextension control, 
posterolateral rotation 
control

Fabellofibular 
ligament

Fabella (or lateral 
condyle)

Styloid of the 
fibula head

Hyperextension control

Arcuate ligament 
complex

Posterior capsule Fibula head Hyperextension control

Posterolateral 
capsule

Circumferential with tibial and femoral 
insertions

Varus stability, 
hyperextension control

Dynamic stabilizers
Popliteus tendon 
(PLT)a

Tibia proximal 
posterior part

Antero-distal to 
lateral 
epicondyle

External rotation control Femoral attachment is 
intra-articular

Biceps femoris 
tendon

Ischial tuberosity Fibula head Tibial internal rotation, 
varus angulation, 
tibiofemoral anterior 
translation control

Small longitudinal incision 
to locate the FLC distal 
insertion

Lateral 
gastrocnemius 
tendon

15 mm posterior to 
the FLC femoral 
insertion

Sural triceps Additional posterolateral 
stability

Constant anatomic 
landmark, posteromedial 
limit do not overstep 
(neurovascular structure)

Iliotibial band Iliac crest Gerdy’s tubercle Internal rotation and 
varus stress control

Longitudinal incision 
required to locate the 
femoral FCL and PLT 
insertions

aMain stabilizers
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the FLC femoral insertion, courses distally close 
to the posterior capsule and joins the other head 
of the sural triceps [1]. Due to its low rate of 
injury, this tendon is a constant landmark in 
acute surgery to locate and reconstruct the other 
structures. Moreover, surgeons do not overstep 
this posteromedial limit to avoid damaging the 
posterior neurovascular structure.

The iliotibial band (ITB): The ITB constitutes 
the superficial layer of the lateral side of the knee 
and inserts onto the Gerdy’s tubercle. During 
PLC surgery, a longitudinal incision of the ITB 
has to be performed to locate the femoral FCL 
and PLT insertions. Its functions are to control 
excessive internal rotation and varus stresses in 
extension.

The proximal tibiofibular ligaments: These 
structures include an anterior and a posterior liga-
ment. By connecting the medial aspect of the 
fibula head to the lateral aspect of the tibia, these 
structures are the main stabilizer of the proximal 
tibiofibular joint. During the surgery, an assess-
ment of the integrity of these ligaments is required 
in order to treat a potential tibiofibular joint 
instability.

Posterolateral capsule: The posterolateral 
capsule is thick and resistant. Its attachments are 
circumferential with tibial and femoral inser-
tions. The lateral capsular thickening constitutes 
the mid-third lateral capsular ligament including 
the meniscofemoral and meniscotibial ligaments. 
The mid-third lateral capsule is a secondary sta-
bilizer to varus stability [11].

The coronary ligament: The coronary liga-
ment is defined as a meniscotibial structure of the 
posterolateral capsule. It connects the lateral 
meniscus and the posterolateral edge of the tibia 
(under the cartilage). The medial part of this liga-
ment constitutes the medial border of the poplit-
eus hiatus. Arthroscopically, this ligament can be 
visualized by moving up the free edge of the lat-
eral meniscus with a probe. Its function is to 
overcome the joint constraint and to stabilize the 
meniscus when the knee is in hyperextension or 
tibial posterolateral rotation [14].

The fabellofibular ligament: The fabellofibu-
lar ligament is the distal thickening of the capsu-

lar arm of the short head of the biceps femoris 
[11]. It connects the fabella to the styloid of the 
fibula head. Whilst for some authors these liga-
ments exist only if the fabella is present [15], for 
others it is always present [14]. The fabella is an 
inconstant sesamoid structure (bony or cartilagi-
nous structure) located in the proximal lateral 
gastrocnemius tendon in 30% of individuals [16]. 
This structure is tight in extension and relaxed in 
full flexion. Despite the lack of biomechanical 
data, the role of this ligament is probably to pro-
vide the knee stability close to extension by limit-
ing the hyperextension.

The arcuate ligament complex: The arcuate 
ligament origin is the posterior part of the cap-
sule, overlying the femoral condyles. After a 
fibre reunification, this ligament crosses the PLT 
and inserts into the posterior part of the fibula 
head [15]. As with other posterior structures, its 
function is probably largely to limit 
hyperextension.

10.4  Biomechanics

The PLC structures have two main functions: to 
resist lateral varus stress and control external 
tibial rotation. These structures can also be sec-
ondary stabilizers of other knee movements, 
including hyperextension, anteroposterior trans-
lation and tibial internal rotation. From biome-
chanical studies, we have summarized all of these 
functions in Table 10.2.

10.5  Diagnoses/Evaluation

10.5.1  Injury Mechanism

ACL and PLC injuries occur commonly in 
high- energy injuries, including sports injuries, 
falls and motor vehicle accidents. The mecha-
nism is complex, combining hyperextension, 
varus and external rotation stress and often 
appearing in knee dislocation [17]. Isolated 
rupture of PLC is mainly induced by contact on 
the proximal anteromedial tibia with a postero-
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lateral directed force and causing hyperexten-
sion and varus. However in non-contact injury 
over a fixed foot with hyperextension, varus 
stressor external rotation can also damage the 
PLC [13, 18, 19].

10.5.2  Clinical Evaluation

In acute cases, reported symptoms include pain, 
ecchymosis, swelling and inability to walk. In 

chronic cases, the patient may describe 
 side-to- side instability, prominent near exten-
sion when weight bearing. Standing examina-
tion can reveal abnormal varus malalignment of 
the lower extremity. PLC injuries can lead to a 
varus thrust during the initiation of stance phase 
(loading- response phase), resulting in abnormal 
gait. Noyes et al. [20] described a “triple varus 
knee”: (1) varus moment on standing due to tib-
iofemoral geometry, (2) opening of the lateral 
compartment due to lateral structures injuries 
and (3) varus recurvatum (hyperextension and 
external rotation) due to posterolateral structure 
injury.

For ACL- and PLC-injured knees, a standard-
ized diagnostic approach is required. The physi-
cal examination is always important and should 
include ACL testing (Lachman and pivot shift 
(PS)) and PLC testing (varus stress, dial test, 
reverse PS, external rotation recurvatum test and 
posterolateral drawer test). All of these tests are 
summarized in Table 10.3.

The varus stress test is performed in both full 
extension and 30° of flexion. Lateral compart-
ment gapping at 30° of flexion indicates injuries 
to the FCL and potentially to the posterolateral 
structures. If this gapping still persists in full 
extension, a concomitant FLC, PLC and cruciate 
ligament injury are expected. Conversely, if sta-
bility is restored in full extension, an isolated 
complete tear of the FCL is likely.

The dial test is another helpful test to evaluate 
tibial external rotation relative to the femur. This 
test is conducted at 30° and 90° of flexion, with 
the patient in the prone or supine position. An 
isolated PCL injury can be presumed if more 
than 10° of external rotation compared to the 
contralateral knee is present only at 30° of flex-
ion (not at 90°). A combined PLC and PCL 
injury is expected, if an increase of more than 
10° of external rotation is present at both 30° and 
90° of flexion, with an increase at 90° superior 
than at 30°.

The reverse PS test is also used to assess a 
PLC instability. This test is performed with the 
knee flexed to 90° of flexion with valgus and 
external rotation load. During a slowly extension 

Table 10.2 Biomechanics functions of the PLC 
structures

Functions
Anatomical 
structures Conditions

Primary functions
Varus FCLa All degrees of 

flexion (max: 
0–30°)

Other PLC 
structures

In FLC- 
deficient knee

  –  Mid-third 
lateral capsular, 
ITB

Close 
extension

  –  Popliteus 
complex

60°

External tibial 
rotation

Popliteus complexa >30°
FCLa 0–30°
Other PL structures
PCL In PLC- 

deficient knee 
(90°)

Secondary functions
Internal tibial 
rotation

ACL, ALL, ITBa

PLT
Biceps femoris

Anterior tibial 
translation

ACLa

PLC In ACL- 
deficient knee, 
close 
extension

Posterior tibial 
translation

PCLa

PLC In PCL- 
deficient knee, 
close 
extension

Hyperextension More posterior structures of PLCa

 Posterolateral capsule, coronary 
ligament, fabellofibular ligament, 
arcuate ligament complex

aMain stabilizers
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movement, if the previously subluxated lateral 
tibial plateau reduces at 40° of flexion (ITB 
action), with a clicking sound, the test is positive, 
and a PLC injury is presumed. However, the test 
has a positive predictive value of 68% and a 
false- positive rate of 35% under anaesthesia.

The external rotation recurvatum test, first 
described by Hughston et al. [21], is performed in 
the supine position, knee in full extension, by 
grasping the bilateral hallux to lift the leg. Excess 
hyperextension with the tibia externally rotated 
and a relative varus angulation suggests a PCL 
injury. Although the positive predictive value is 
low (10%) for isolated PLC injury, these positive 
signs are magnified with a combined PLC and 
PCL injury.

For the posterolateral drawer test, the knee is 
flexed to 90° and the foot externally rotated at 
15°. A positive test exhibits external rotation 
associated with posterior displacement of the lat-
eral aspect of the tibia and suggests a PLC injury 
(PFL and PLT).

10.5.3  Radiological Evaluation

Plain X-ray with standing anteroposterior (AP), 
lateral and axial views is required to rule out 
other injuries, including fractures. For acute 
injuries, bony avulsion fracture, such as fibular 
head avulsion, or lateral joint widening can 
be seen on this standard view. For chronic 
cases, a standing long-leg AP alignment view 
is necessary to determine whether correc-

tion of malalignment by an osteotomy may be 
necessary prior to or during surgical PCL 
reconstruction.

Stress radiography and varus and kneeling 
PCL stress X-ray are helpful in the management 
of PLC injury, with good reliability in the assess-
ment of lateral compartment varus gapping. 
LaPrade et al. [22] recommend to perform bilat-
eral varus stress radiographs at 20° of flexion. 
These stress radiographs allow to differentiate 
isolated FCL from combined FCL and PLC inju-
ries (varus stress) and isolated PCL from com-
bined PCL and PLC injuries (kneeling PCL 
stress) (Table 10.4).

MRI is another key tool for ACL and PLC 
injury assessment. It can be useful to determine 
the full extent of the injury, especially in complex 
cases, by assessing which structures are injured, 

Table 10.3 Clinical tests

Varus stress Dial test
Reverse 
pivot shift

External rotation 
recurvatum test

Posterolateral 
drawer test

Positive 
only at 30°

Positive at 0° 
and 30°

Positive 
only at 30°

Positive at 
0° and 90°

Transverse 
plane

– – + (PLC) + (PCL 
and PCL)

+ (PLC) + (PLC)
+++ (PCL and 
PCL)

+ (PLC)

Frontal 
plane

+ (FCL) + (FCL and 
PLC and 
cruciate)

– – – – –

Sagittal 
plane

– + (FCL and 
PLC and 
cruciate)

– + (PCL 
and PCL)

– +++ (PCL and 
PCL)

–

Table 10.4 Staging instability evaluation using stress 
radiography, according to LaPrade [22] and Jackman [23] 
studies (increased opening compared to contralateral 
knee)

Stress 
radiography

Staging 
variables 
(mm)

Corresponding 
instability

Varus stress 
radiograph

<2.7 Normal-minor 
sprains

2.7–4 Isolated FCL injury
>4 Complete PLC 

injury
Kneeling PCL 
radiograph

<4 Normal-minor 
sprains

4–12 Isolated PCL injury
>12 Combined PCL and 

PLC injury
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and the location of the injury. This allows more 
precise planning of the surgical procedure. MRI 
assessment also allows identification of concur-
rent injuries such as meniscal tears, chondral 
lesions and occult fractures. Specific T2-weighted 
coronal oblique imaging sequences (same obliq-
uity as PLT), using 2  mm slices, are recom-
mended in this MRI assessment.

10.5.4  Complications

Neurovascular complications associated with 
acute injuries must always be detected through 
careful clinical assessment. Common peroneal 
nerve injury is frequent (present in 13% of all 
PLC injuries), and a detailed physical  examination 
must be performed. Popliteal artery injury (up to 
32% of knee dislocations) must be suspected in 
all multiligament knee injuries and should be 
assessed by careful clinical examination, includ-
ing serial pulse assessment and ankle- brachial 
index [24, 25]. If these are normal, then ongoing 
careful serial neurovascular observations are 
required, but if there is any clinical suspicion from 
the examination, then further investigation is 
mandatory, either through traditional arteriogra-
phy, CT angiography or MR angiography depend-
ing on availability at the treating institution.

10.6  Classification

According to the Schenck classification of knee 
dislocation, a combined ACL and PLC injury 
may be classified as a KD I. Concerning the PLC 
injury, the two following classifications are 
available and can help for the therapeutic option 
choice: The Hughston classification [21] is still 
used for treatment guidance and has three stages 
depending only on the varus at 30° of flexion 
(Table 10.5). Stage III corresponds to a complete 
PLC injury (FCL, PLT, PFL). However, to be 
optimal a grading system of PLC injury has to 
include assessment of both varus and rotational 
stability. Fanelli et  al. [26] have subsequently 
proposed another classification which fulfils this 
requirement (Table 10.5).

10.7  Treatment Rationale 
and Management

The management of a combined ACL and PLC 
injury is outlined in Fig. 10.1. Three main param-
eters need to be considered:

 – The grade of injury, allowing a decision 
between nonoperative and operative options.

 – The time delay and the location of each injury 
(bony avulsion or midsubstance injury), in 
order to decide between repair and reconstruc-
tion techniques.

10.7.1  Operative Versus 
Nonoperative Treatment

Management of lateral side injuries is different to 
medial side tears. Medial side injuries are more 
common than lateral, and the majority can have 
good outcomes with conservative treatment. This 
finding does not apply for the PLC injury, due to 

Table 10.5 Clinical grading according to Hughston [21] 
and Fanelli [26] classification

Hughston classification: varus instability
Grades Varus opening
Grade I 0–5 mm
Grade II 5–10 mm
Grade III >10 mm
Fanelli et al. classification: rotational 
and varus instability
Grades Instability assessment Damaged 

structures
Type A Isolated 

rotational 
instability

10° increase 
in tibial ER

PFL, PLT

Type B Rotational 
instability and 
mild varus 
instability

10° increase 
in tibial ER
+ 5–10 mm 
increase in 
varus load 
test

PFL, PLT, 
FCL

Type C Significant 
rotational and 
varus 
instability

10° increase 
in tibial ER
> 10 mm 
increase in 
varus load 
test

PFL, PLT, 
FCL, capsule 
avulsion, 
cruciate 
ligament
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an inherent anatomic instability of the lateral tib-
iofemoral compartment. This compartment with 
a convex lateral tibia plateau articulating with a 
convex lateral femoral condyle is designed to 
have more mobility. Consequently, this intrinsic 
instability does not lead to a spontaneous healing 
of PLC structures. Moreover, some biomechani-
cal studies have demonstrated the participation of 
the PLC structures in a better load distribution 
after an ACL reconstruction. Indeed, increased 
force on the ACL graft has been reported if the 
PLC injuries are not addressed [4]. These studies 
conclude that PLC reconstruction, in addition to 
being useful for long-term ACL graft stability, is 
also necessary to restore normal knee kinematic 
with a good overall stability.

Although definitive guidelines for manage-
ment of all PLC injuries cannot be derived from 
the available literature, it would be reasonable to 
suggest from the available evidence that grade I 
and II isolated PLC injuries do not usually require 
surgical treatment, whilst grade II with a com-
bined injury and grade III will be best managed 
surgically (Fig.  10.1). Regarding a combined 
ACL and PLC tear, ACL and PLC grade I injuries 
require only an ACL reconstruction, whilst grade 
II/III injuries need a reconstruction of all the 
damaged structures.

Therefore, nonoperative management can 
only be considered for grade I and II isolated 
PCL injuries. Regarding combined ACL and PCL 
injury, only the grade I of PCL injury does not 
require a surgical procedure. Studies reported 
good outcomes for nonoperative treatment PCL 
grades I and II, with minimal radiographic 
changes at 8-year follow-up [27, 28]. These 
patients then require careful follow-up and 
assessment for any residual laxity once recov-
ered, but if the initial assessment was accurate, 
then a good outcome can usually be obtained. 
Conversely, nonoperative management for PLC 
grade III has been shown to result in poor func-
tional outcomes, persistent instability and subse-
quent development of osteoarthritis. Nonoperative 
management consists of a hinged knee brace to 
protect against varus stress and an early mobili-
zation protocol, including gentle and progressive 
mobilization to avoid stiffness, quadriceps stimu-
lation and gait training. Partial weight bearing is 
commenced immediately and progressively 
increased, according to the patient tolerance. 
Protection with crutches in the first 4 weeks will 
avoid any falls that may cause varus stress, and 
the use of a valgising unloader brace may have 
additional benefits in protecting the injured lat-
eral structures if available.

ACL + PLC (grade I)
Or isolated PLC injury (grade II)

ACL + PLC (grade II or III)

< 3 weeks
(acute phase)

> 3 weeks
(subacute or chronic phases)

Avulsion injury Midsubstance
injury

Normal alignment
/ valgus malalignment

Varus
malalignment

Non-operative
management

PLC repair
+ ACL reconstruction

PLC and ACL reconstruction
(recommended in 1 stage)

HTO
+ PLC and ACL reconstruction

(delayed or same time)

For the PLC

For the PLC

For the ACL

Delayed ACL reconstruction

Varus instability Rotational instability Varus + rotational instability

Knee brace in extension
Early rehabilitation

FCL reconstruction Popliteus complex
reconstruction

FCL and Popliteus complex
reconstruction

Fig. 10.1 Our algorithm for ACL and PLC management
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For operative management, there are many 
things to consider. In addition to questions con-
cerning the technique used, the question around 
the surgical sequence used, in one stage or multi-
stage, remains an important discussion. The 
advantages of ACL and PLC reconstruction in 
one stage are to address all of the pathology at 
once, decreasing the risk of graft failure and 
allowing an earlier rehabilitation to avoid stiff-
ness. Disadvantages of this one-stage surgery are 
a longer surgery time and a more technical and 
complex surgery and the need to source graft at 
short notice. Conversely, multistage techniques 
are easier, and require fewer grafts, but have an 
increased recovery time and a higher risk of graft 
failure between the two stages. Therefore, we 
recommend one-stage surgery in the majority of 
cases, when possible, for ACL and PLC recon-
struction. The only exception is varus malalign-
ment in the chronic cases, which require 
correction of alignment through high tibial oste-
otomy (HTO).  In these cases, one study [29] 
reported that in 38% of cases, the PLC laxity is 
satisfactorily addressed by the HTO alone, sup-
porting isolated HTO without PLC reconstruc-
tion as the initial and possibly definitive procedure 
for these patients. In this chapter, discussion of 
the operative treatments will be divided into two 
parts: repair and reconstruction technique.

10.7.2  Repair Versus Reconstruction 
Techniques

Regarding the timing of surgery, acute treatment 
(<3  weeks after the injury) is reported to have 
better outcomes than treatment in subacute 
(3–12 weeks) or chronic phases (>3 months) [30, 
31]. Acute PLC injuries may be treated by direct 
repair, augmentation or reconstruction. Primary 
repairs of bony avulsions of FCL and PLT, with-
out midsubstance injury, can be done only during 
the acute phase. After this endpoint, the fibrosis 
associated with tissue healing makes anatomic 
reduction and reattachment of injured structures 
difficult to achieve. Therefore, injuries older than 
3  weeks are difficult to achieve primary repair 
and will usually require a reconstruction [32]. 
Stannard and Levy et al. reported 37–40% failure 

rate with repair compared to 6–9% with recon-
struction [26, 33]. However, there can be difficul-
ties in making definitive recommendations from 
these studies due to the heterogenous nature of 
patient groups, but as a general guideline, 
reconstruction, or augmentation with a recon-
struction, is usually required when a satisfactory 
repair cannot be achieved. This is mostly in the 
case of midsubstance injuries, which in the acute 
setting are best dealt with by primary repair aug-
mented by a reconstruction. Bony avulsions 
which can be reduced and secured will usually do 
well without reconstruction, and indeed in these 
cases, the usual reconstruction is not technically 
possible due to the fibular head avulsion.

In the surgical management of acute injuries, 
the position of the common peroneal nerve is 
usually altered by the surrounding avulsion 
injury. Therefore, careful exploration and identi-
fication of this nerve and a neurolysis are recom-
mended, to allow careful retraction of the nerve 
to avoid injury. This should be the first step of the 
surgical procedure prior to commencing the 
repair and reconstruction components.

For chronic PLC injuries, reconstruction is 
always recommended, regardless of the location 
of the injury [32]. Alignment of the lower limb is 
of course an important prognostic factor to con-
sider (Fig. 10.1). Malalignment of more than 3° 
of varus, associated with a varus thrust when 
walking, can lead to increased stress on the graft 
and increase the failure rate. This should there-
fore not be ignored as it will most likely lead to 
failure of the reconstruction. For these cases, a 
HTO, either as an initial procedure alone or com-
bined with reconstruction, is recommended.

In patients with concomitant ACL injuries, 
reconstruction is usually advised at the same time 
as the lateral-sided procedure.

10.8  Surgical Repair

Regarding acute management of PLC injuries, 
bony avulsions should be fixed. This is most com-
monly an avulsion of the fibular head but may also 
involve avulsions from the lateral tibial plateau. As 
with any internal fracture fixation, the size of the 
fragment will determine which fixation device, 
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and which size, is most appropriate. For larger 
fragments, screws with soft tissue washers can be 
used, whereas smaller, more comminute frag-
ments may require suture anchors, with the sutures 
passed through the bony fragments and attached 
soft tissues. Suture imbrication is possible when 
the PLT  musculotendinous tendon region is 
injured. Sutures are passed through the remaining 
tendon and anchors in the posterior part of the 
tibia. The PFL can be repaired in the same way. 
Moreover, it is necessary to diagnose and treat all 
of the additional lateral side injuries. Initial surgi-
cal dissection should identify the zone of injury 
and all structures within that zone that are injured 
and need to be repaired. Capsular structures, such 
as the coronary ligament, the proximal tibiofibular 
ligaments, the mid-third lateral capsular ligament 
and the ITB, all need to be repaired, usually by 
anchoring into their bone attachments.

For midsubstance injuries, a good quality iso-
lated repair is not usually able to be achieved and 
hence usually requires augmentation with a 
reconstruction to reduce the risk of recurrent lax-
ity. Some authors recommend a repair with an 
augmentation using synthetic ligament, whereas 
most commonly the augmentation reconstruction 
would use a soft tissue graft [34].

Apart from these specific injuries in the acute 
phase, the preference would generally be towards 
reconstruction for PLC injuries. Regarding asso-
ciated ACL injuries, with the exception of bony 
avulsions, the recommendation would clearly be 
for reconstruction.

10.9  Reconstruction Treatments

Several reconstruction techniques are available. 
However, there is not one specific reconstruction 
that has proven superiority or would be agreed 
upon by all experts. Not surprisingly, there are no 
randomized controlled studies to rationalize this 
choice. Given that these injuries are uncommon, 
it is important that the surgeon chooses a familiar 
and mastered technique. For the ACL reconstruc-
tion, all available techniques recommended for 
isolated ACL reconstruction can be used, the 
choice coming down to surgeon preference. This 
chapter will therefore only present two tech-

niques of PLC reconstruction, which seem to be 
currently the most commonly used in current 
practice: a modified Larson technique (Fig. 10.2) 
and LaPrade technique (Fig. 10.3).

In our experience, we prefer to use the modified 
Larson technique, the “modification” being the 
use of two tunnels on the femur to allow a more 
anatomical reconstruction and independent ten-
sioning of the two grafts. When compared to the 
LaPrade technique, it is faster, requires less exten-
sive dissection and requires only one graft. 
Nevertheless, it is not perfectly anatomical in that 
it does not allow accurate reconstruction of the 
popliteal complex. LaPrade technique was created 
to anatomically reconstruct the popliteal complex 
but is still not an accurate reproduction of anat-
omy. As explained, the PLT has one dynamic mus-
cular action which is impossible to reconstruct 
with a graft, and the PFL has a pulley function. In 

Fig. 10.2 Our modified Larson technique
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the LaPrade technique, the “PFL graft” is not 
dynamic as it would be in the native knee, because 
the graft goes directly between the fibula head and 
the tibia without clear dynamic action with the 
PLT, even if the two grafts are sutured to one 
another. For us, the main advantage of this tech-
nique is to stabilize the fibula head. It is possible 
also that the attachment to the posterolateral tibia 
is advantageous in controlling hyperextension.

Therefore, we used the modified Larson tech-
nique in all cases, except when a proximal tibio-
fibular joint instability is observed. In these 
specific cases, we use the LaPrade technique, 
after separately stabilizing the tibiofibular joint. 
We would also recommend the LaPrade tech-
nique in cases of abnormal hyperextension and in 
certain revision cases in which the modified 
Larson technique is not possible.

Below we will provide a more detailed 
description for our preferred modified Larson 
technique, followed by a description of the 
LaPrade technique.

10.9.1  Modified Larson Technique

Patient positioning: After an examination under 
anaesthesia, the patient is placed in supine position, 
knee flexed at 90° of flexion, with a tourniquet. The 
main anatomic landmarks are marked: fibula head, 

biceps femoris, peroneal nerve and lateral femoral 
epicondyle (Fig. 10.4).

Graft preparation: Usually, for the ACL the 
ipsilateral semitendinosus (ST) is harvested 
and prepared as a four-strand graft by quadru-
pling the tendon over two tightrope loops. 
Contralateral ST, or anon-irradiated allograft, 
is used for the PLC reconstruction. We prefer 
to use a tibialis anterior allograft due to its 
robust size and strength. A whipstitch is placed 
in either end of the tendon, and it is sized to 
pass through 5 mm tunnel, and both grafts are 
stored in a moist vancomycin- soaked gauze 
(Fig. 10.5).

Approach and soft tissue dissection: A lateral 
longitudinal incision is made from the lateral epi-

FCL
(graft)

PLT
(graft)

PFL
(graft)

Fig. 10.3 LaPrade 
technique. (Reprinted 
with permission from 
Am J SportsMed. 
2010;38:1674–80)

Fig. 10.4 Patient positioning and anatomic landmarks
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condyle down to the neck of the fibula. Dissection 
proceeded to expose the deep fascia. The com-
mon peroneal nerve is visualized through the fas-
cia posterior to biceps tendon. During the acute 
phase, a peroneal nerve neurolysis is recom-
mended to eliminate a potential injury and to pro-
tect it during the gesture due to anatomic changes. 
In chronic phase, peroneal nerve neurolysis is not 
obligatory. If the nerve is visualized and palpated 
in the typical location posterior to the biceps ten-
don, it is not mobilized, but it is protected 
throughout the procedure. The interval between 
the short head of biceps and the ITB is developed 
and dissection undertaken to expose the postero-
lateral corner anterior to the lateral head of gas-
trocnemius (Fig.  10.6). A small incision 
longitudinally is made into the anterior arm of the 
long head of the biceps and its bursa to expose 
the insertion of the FCL on the fibula (Fig. 10.7). 
Putting tension on the tag stich allows to identify 
the FCL proximal insertion.

Fibula tunnel: A guidewire is then passed 
from the FCL distal footprint (anteromedial 
aspect of the fibula head) in a posterior, medial 
and proximal direction to exit the posterior aspect 
of the fibula head just distal to the styloid and 
overdrilled with a 5 mm drill taking care to pro-
tect the soft tissues. For this step, the surgeon can 
use a pin alignment guide or target his finger 
insert into the interval previously created. A stay 
suture is placed in this tunnel (Fig. 10.8).

Femoral tunnels: The ITB is split allowing 
the exposure of the lateral femoral condyle. The 
popliteus tendon insertion is identified on the 
condyle after a short arthrotomy (Fig. 10.9). A 
guidewire is passed from this point approxi-

Fig. 10.5 Allograft preparation for the PLC 
reconstruction

Fig. 10.6 Identification of the interval between ITB and 
short head of biceps

Fig. 10.7 Distal FLC footprint identification through a 
biceps bursa incision
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mately 30° anteriorly and proximally to exit the 
medial skin of the thigh (Fig. 10.10). A tempo-
rary guidewire is placed at the attachment point 
for the FCL reconstruction just proximal and 
posterior to the lateral epicondyle. According to 
the anatomic studies, the length between the two 
femoral insertions should be approximately 
18.5 mm. The graft is then passed into the fibu-
lar tunnel and secured with a 6 mm interference 
screw, keeping equal lengths of graft on either 
side of the fibula. The anterior limb of the graft, 
for the FCL, is then passed deep to the ITB and 
passed around the previously placed temporary 
guidewire, and the isometry is checked by mov-
ing the knee from flexion to extension and 
guidewire position adjusted if necessary to 
achieve isometry. The definitive guidewire is 
then passed from this point parallel to the pop-
liteus guidewire and out through the medial skin 
of the thigh. The two femoral guidewires are 

then overdrilled with a 6 mm drill up to but not 
through the lateral cortex and a 4.5  mm drill 
through the medial cortex.

The popliteus limb of the graft is then passed 
through the joint, through the popliteal hiatus to 
the site of attachment on the femur (Fig. 10.11). 
Both grafts are then passed into the femoral tun-
nels. With the knee at 90° and the foot in neutral 
rotation with an anterolateral drawer, the poplit-
eus limb of the graft is fixed on the femoral side 
using a 7  mm interference screw (Fig.  10.12). 
The knee is then brought out to 20–30° of flexion, 
with the foot still in neutral rotation. After apply-
ing tension on the fibular collateral graft and 
some slight valgus force, this graft is then fixed to 
the femur using a 7  mm interference screw 
(Fig. 10.12).

In the setting of combined reconstruction with 
ACL, we would usually do the arthroscopic ACL 
reconstruction first, followed by the open proce-

a b c

Fig. 10.8 Fibula tunnel preparation: (a) guidewire passing; (b) drilling; (c) stay suture placement

a b

Fig. 10.9 (a) ITB incision, (b) PLT insertion identification after a small arthrotomy
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a b

Fig. 10.10 (a) Positioning of the first guidewire in the PLT footprint, (b) positioning of a second guidewire, at 18.5 mm 
to the first one, in the FCL footprint, and isometry testing

a b c

Fig. 10.11 (a) Passing of the graft into the fibular tunnel, (b) passing of posterior strand through the joint to reconstruct 
the popliteus complex, (c) passing of anterior strand under the ITB to reconstruct the FCL

a b c

Fig. 10.12 (a) Firstly, the graft is fixed into the fibular 
tunnel. (b) Secondly, the popliteus graft is fixed with the 
knee at 90° of flexion, the foot in neutral rotation after 
applying an anterior drawer. (c) Finally, the FCL graft is 

fixed with the knee at 30° of flexion, the foot in neutral 
rotation after applying tension on the fibular collateral 
graft and some slight valgus force

dure. In the acute setting, care should be taken to 
monitor possible extravasation of arthroscopic 
fluid into the leg compartments, and if any concern 
then the lateral exposure can be done first to avoid 
this. Typically, the sequence of surgery would be 

(a) ACL reconstruction with graft fixed on femoral 
but not tibial side; (b) lateral dissection and prepa-
ration of all structures for repair and reconstruc-
tion, including fixation of graft to fibula but not to 
femur; (c) fixation of ACL graft on tibia with knee 
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at full extension; (d) tensioning and fixation of 
popliteus and FCL grafts as described above.

Final testing: Before closure, the knee has to 
retain a full range of motion with a normal testing 
for PLC and ACL.  Figure  10.13 represents the 
final view.

Closure: The incisions of the anterior capsule, 
the biceps bursa and the ITB are closed. The 
interval between the short head of biceps and the 
ITB is left open.

10.9.2  LaPrade Technique [35, 36]

Patient positioning: After an examination under 
anaesthesia, the patient is placed in supine  position, 
knee flexed at 70–90° of flexion, with a tourniquet.

Graft harvest and preparation: For the ACL 
an ipsilateral patellar tendon or ST is harvested 
and prepared. A nonirradiated allograft is used 
for the PLC reconstruction. For the PLC recon-
struction, a split Achilles allograft is used to have 
two different grafts. The two calcaneal blocks are 
shaped to be 9 × 25 mm. The non-osseous aspects 
of each graft are tubulized for an easy passing 
into 7-mm-diameter tunnel sizer.

Approach and soft tissue dissection: A lateral 
hockey stick is made from the distal femoral 
shaft along the ITB and extending distally 
between fibula head and Gerdy’s tubercle. In 

addition to the steps previously described, a care-
ful dissection is performed between the soleus 
and the lateral gastrocnemius to identify the mus-
culotendinous junction of the popliteus.

Fibula tunnel: A 7 mm fibula tunnel is drilled 
from the distal FCL footprint to the posterome-
dial aspect of the fibula head.

Tibia tunnel: A 9 mm tibia tunnel anteroposte-
rior is drilled from the flat area distal and medial 
to the GT to the musculotendinous junction spot 
of the popliteus. This targeted point is about 1 cm 
proximal and 1  cm medial to the fibular tunnel 
posterior exit point.

Femoral tunnels: After the same approach and 
preparation as previously described, two femoral 
tunnels, 18.5 mm spaced, are performed with a 
9 mm reamer.

Graft passing and fixation: Both grafts are 
fixed in the femur with 7 mm interference screws. 
The FCL graft is passed under the ITB and then 
through the fibular tunnel and fixed with a 7 mm 
interference screw, with the knee at 20–30° of 
flexion, the foot in neutral rotation and applying a 
slight valgus stress. The popliteus graft is passed 
through the joint. Both grafts (popliteus and PFL) 
are passed into the tibial tunnel and fixed with a 
9 mm interference screw with the knee flexed at 
60° of flexion in neutral rotation.

Final fixation sequence: LaPrade et al. recom-
mend the following order for the combined ACL 
and PLC reconstruction: (1) femoral ACL fixa-
tion, (2) femoral PLC fixation, (3) fibula fixation, 
(4) tibial fixation and (5) tibial ACL fixation.

10.10  Postoperative Rehabilitation

Currently, there is no consensual protocol of 
rehabilitation. Based on our clinical experience 
and gait studies, we prefer to have some minor 
residual laxity than stiffness. Therefore, we 
encourage an earlier active rehabilitation proto-
col. Typically, the patient will remain in the hos-
pital for one to two nights until comfortable. 
Whilst in hospital he has antibiotic and deep vein 
thrombosis prophylaxis. We recommend the use 
of a hinged knee brace allowing 10–90° for the 
first 4  weeks and then full range for the next 

Fig. 10.13 Final view before closure
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4 weeks. An unloader brace could also be used if 
available. Regarding weight bearing, whilst 
LaPrade [35] recommends non-weight bearing 
for 6 weeks, we usually allow the patient to have 
partial weight bearing to 50% for 4  weeks and 
then weight bearing as tolerated in the brace for 
the next 4 weeks.

10.11  Conclusion

Whilst ACL injuries are common and manage-
ment protocols well defined, PLC injuries are 
less common and more varied in their nature and 
therefore require the treating surgeon to have a 
good understanding of the pathology and the 
ideal treatment algorithm for each case. In this 
chapter we have outlined the anatomy, epidemi-
ology and clinical assessment of these injuries 
and provided a treatment algorithm to ensure 
ideal management for each scenario. If the treat-
ing surgeon has a good understanding of the 
injury and is able to provide the appropriate treat-
ment individualized for each case, good out-
comes can usually be achieved.
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Acute Knee Dislocations

Conor I. Murphy, Philip P. Roessler, 
Tracye J. Lawyer, and Volker Musahl

11.1  Epidemiology and Injury 
Mechanism

Acute knee dislocations are regarded to be very 
rare. It is estimated that they account for less than 
0.02% of all musculoskeletal injuries, although 
this number may be underestimated due to spon-
taneous reduction and missed diagnosis [1, 2]. 
Frequency is higher in male patients with a peak 
age around 35 years [3] with about 44% of cases 
presenting as polytrauma [4]. Most frequent 
mechanisms are either high-velocity injuries 
(e.g., motorcycle accidents) or low-velocity inju-
ries (e.g., pivoting or cutting movements during 
sports activities), although recent studies also 
indicate a rising amount of ultralow-velocity 
injuries (around 10%), especially with regard to 
obese patients [5]. Incidences are 0.06% patients 
for closed and 0.012% for open dislocations [3]. 
Femorotibial joint dislocation may take the fol-
lowing directions: anterior, posterior, medial, lat-
eral, and rotary combined. Proximal tibiofibular 
dislocations are very rare but may occur isolated 
as well as alongside femorotibial dislocations [6]. 

Depending on the injury mechanism, a certain 
trauma pattern can be noted in most cases. 
Anterior dislocations (40%) usually involve 
hyperextension above 30° and thus rupture of the 
posterior capsule and at least the anterior cruciate 
ligament [7] (ACL). In contrast, posterior dislo-
cations (30%) are commonly “dashboard inju-
ries” to the flexed knee involving rupture of the 
posterior cruciate ligament (PCL). Lateral (18%) 
and medial (4%) dislocations damage the oppo-
site collateral and posterior corner of the knee 
occasionally leading to concomitant tibial pla-
teau fractures. Rotatory combined injuries usu-
ally manifest a mixed soft tissue injury pattern.

11.2  Classification

Different systematics have been used over the past 
years to classify the extent of injury and concomi-
tant damages to the periphery of the knee joint. As 
surgical strategies may vary between fractured and 
non-fractured states, it appears to be appropriate to 
use both, the Schenck/Wascher and Moore classi-
fication systems [8, 9] (Tables 11.1 and 11.2).

11.3  Concomitant Injuries

Despite the occurrence of fractures and associ-
ated soft tissue trauma, the most common con-
comitant injuries affect the neurovascular 
structures around the knee.
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11.3.1  Vascular Injuries

Vascular injuries in acute knee dislocation most 
commonly are a result of shear forces or rapid 
deceleration, possibly leading to major bleeding 
or decreased distal perfusion. In those cases, 
urgent surgical intervention after joint reduction 
may be required, often resulting in a two-staged 
procedure to manage both the ligamentous and 
soft tissue trauma.

Injuries of the popliteal artery show the high-
est incidence (76%) and mostly occur in disloca-
tions KD III and above. Further vessels at risk 
with lower injury incidences include the medial 
genicular artery, anterior tibial artery, posterior 
tibial artery, superficial femoral artery, as well as 
common femoral artery [10]. As the popliteal 
artery is anatomically suspended to the adductor 
canal proximally and to the soleus arch distally, it 
is most likely to be injured than all other vessels. 
Corresponding injuries to the popliteal vein are 
less morbid but may subsequently result in 
thrombosis [11]. In case of any suspicion of isch-
emia or potentially life-threatening bleeding, 
immediate vascular surgical intervention is 

advised. Treatment strategies include watchful 
waiting with pharmacologic anticoagulation, 
thrombectomy or thrombolysis, as well as vascu-
lar surgical repair or bypass. In 12% of cases, 
severe ischemia may necessitate distal amputa-
tion [10]. Continuous clinical assessment for the 
first few days in the immediate postoperative or 
post-injury period is necessary to rule out com-
partment syndrome or reperfusion injury.

11.3.2  Nerve Injuries

Common peroneal nerve palsy has been reported 
in up to 40% of multi-ligamentous knee injuries, 
largely during varus stress, due to tethering of the 
nerve to the fibular head and the boundaries of 
the popliteal fossa [12]. In contrast, tibial nerve 
palsy is a rare condition as the structure is not 
tethered like the peroneal nerve. Most incomplete 
palsies recover over time. Complete palsies also 
exhibit a high rate of spontaneous recovery if 
they are painless and without any further signs of 
deep denervation upon presentation. Positive pre-
dictors of recovery are young patient age [13] 
and incomplete palsies upon first clinical presen-
tation [14]. Complete palsy recovery is rarely 
noted in cases accompanied by severe pain and 
positive Tinel sign [15].

Besides true continuity lesions, extrinsic pres-
sure due to distortion, fracture, or posttraumatic 
hematoma is the most common cause for neuro-
logic symptoms after knee dislocations. 
Treatment strategies are dependent on the extent 
of neurological symptoms. Surgical exploration 
with decompression or neurolysis should be con-
sidered in all clinically apparent palsies with 
open injuries. Closed injuries should be explored 
no later than 2 weeks following onset of symp-
toms. Following this, watchful waiting is an 
option for anatomically intact nerves. Timely 
referral to a specialist for nerve grafting is advised 
for continuity lesions with a gap below 6  cm, 
while gaping over 6 cm usually demands nerve 
transfer or grafting with the ipsilateral sural [16]. 
Recurrent neurophysiology and electromyogra-
phy (EMG) assessment helps quantify nerve 
injury and prognosis for recovery.

Table 11.1 Schenck/Wascher classification of knee 
dislocation

Classa Injury
KD I ACL or PCL torn, MCL/LCL variable pattern
KD II ACL/PCL torn, MCL/LCL intact
KD 
III

ACL/PCL torn, either MCL (subtype M) or 
LCL (subtype L) torn

KD 
IV

ACL/PCL and MCL/LCL torn

KD V Knee fracture dislocation (see Moore 
classification)

aSubtype C refers to a presence of arterial injuries, while 
subtype N refers to nerve injuries

Table 11.2 Moore classification of knee fracture 
dislocation

Class Injury
I Split fractures through medial or lateral plateau
II Complete fractures separating entire medial or 

lateral plateau
III Rim avulsion fractures
IV Rim compression fractures
V Four-part fracture

C. I. Murphy et al.
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11.4  Assessment

Assessment begins with primary survey accord-
ing to Advanced Trauma Life Support (ATLS) 
protocols. Clinical suspicion based on mecha-
nism and patient history is vital. The examiner 
needs to be able to rapidly recognize and manage 
knee dislocations in a systematic fashion 
(Fig. 11.1).

11.4.1  Reduction

Immediate reduction of the knee joint to pre-
vent further damage to surrounding soft tissues 
and neurovascular structures is imperative. 

Prior to reduction, document the vascular 
examination with palpation and Doppler ultra-
sound when available. With the patient ade-
quately sedated, reduce the knee with manual 
axial traction. In certain circumstances, if the 
injury is witnessed and the patient can be 
examined immediately, reduction can be per-
formed in the field. Postreduction radiographs 
are necessary to confirm reduction and 
stabilization.

The knee may exhibit a “dimple sign” in the 
skin along the medial joint line signifying a but-
tonholing of the medial femoral condyle through 
the medial capsule. In this case, closed reduction 
is not possible and should not be attempted due to 
the risk of skin necrosis.

Knee Dislocation

X-Ray

Reduced

Palpable Pulses

Yes

Diminished Pulse,
ABI < 0.9 

No

Splint

MRI

Yes

CT Angiography,
Angiogram 

Vascular Injury

No Yes

No

Consult Vascular
Surgery 

Dislocated

Reduction
under Sedation 

Fig. 11.1 Decision tree 
directing acute 
management of a knee 
dislocation upon initial 
presentation
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11.4.2  Clinical Exam

Secondary survey should then shift to a 
focused assessment of the knee. Pre- and post-
reduction vascular status must be examined 
and documented. Vascular assessment includes 
palpation of distal pulses, Doppler ultrasound 
of distal arteries, and measurement of the 
ankle-brachial pressure index (ABI). Absent 
postreduction distal pulses on palpation or 
Doppler ultrasound demands immediate vas-
cular surgery consultation and surgical explo-
ration. If the pulses are palpable but diminished 
compared to the contralateral limb or the 
ABI is less than 0.9, advanced imaging and 
vascular surgery consultation should be 
ordered [17].

Neurological assessment includes peripheral 
sensory and motor strength exam as well as pain 
scale and reflexes. In subacute and elective cases, 
neurophysiology and EMG are the diagnostic 
tools of choice to localize nerve lesions topo-
graphically. Conventional clinical examination 
using varus/valgus stress and Lachman test to 
check for instabilities is largely unreliable in the 
alert and painful patient. If sedation is required 
for reduction, these tests should be performed 

while the patient is sedated for improved diag-
nostic accuracy.

11.4.3  Radiographic Assessment 
(Immediate)

Plain radiographs of the knee are the primary ini-
tial imaging studies. Diagnosing the direction of 
dislocation, associated fractures, osteochondral 
defects, and overall joint congruency is paramount 
to establishing subsequent intervention (Fig. 11.2a, 
b). Subtle joint incongruences or subluxations 
may be the sole evidence of pathology in instances 
where spontaneous reduction occurred.

If there is evidence of vascular compromise 
manifested by diminished distal pulses or abnor-
mal ABI then the patient should be sent for CT 
angiography or formal angiogram to identify the 
location of the vascular injury. An injured limb 
with absent pulses after reduction does not 
require vascular imaging.

Injuries to the cruciate ligaments, collateral 
ligaments, meniscus, chondral surfaces, and 
structures comprising the posterolateral and 
posteromedial corners are clarified with mag-
netic resonance imaging (MRI) (Fig. 11.3a–c). 

a bFig. 11.2 (a) AP 
radiograph left knee 
dislocation, (b) Lateral 
radiograph left knee 
anterior dislocation
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This study should be delayed until reduction 
and stabilization of the dislocated knee and 
confirmation that there is no vascular injury or 
other associated limb- or life-threatening 
injuries.

Computed tomography (CT) provides utility 
in the context of a tibial plateau fracture with 
intra-articular extension. Open reduction and 
internal fixation of the tibial plateau will be 
 necessary prior to any ligamentous reconstruc-
tion. Often, CT is necessary in these cases to 

identify the fracture pattern and formulate a pre-
operative plan for the fixation construct.

11.5  Initial Stabilization 
(Operative Versus 
Non-operative)

After reduction and confirmation with X-ray, the 
knee must be initially immobilized with a poste-
rior splint in 20° to 30° of flexion to stabilize the 

a b

c

Fig. 11.3 (a) MRI sagittal view left knee demonstrating complete disruption ACL, (b) MRI sagittal view left knee 
demonstrating PCL injury, (c) MRI coronal view left knee demonstrating posterolateral corner disruption

11 Acute Knee Dislocations
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joint (Fig.  11.4a, b). If the postreduction and 
splinting X-rays demonstrate adequate alignment 
and congruency of the joint, then the splint can be 
maintained or the patient can transition to a knee 
brace, such as a hinged knee brace or knee 
 immobilizer, until discharge from the hospital 
and follow- up as an outpatient for surgical 
planning.

If there is persistent malreduction or sublux-
ation of the knee joint then temporary surgical 
stabilization with knee-spanning external fixa-
tion is necessary to protect the joint from further 
soft tissue, vascular, and nervous injury. External 
fixation may also be necessary after vascular 
repair depending on the extent of injury and con-
fidence in the repair integrity by the vascular 
surgeon.

11.6  Surgical Management 
and Technique

The PCL is reconstructed first followed by the 
ACL, followed by the posterolateral complex 
and/or medial side. Reconstruction of the medial 
or lateral collateral ligaments requires a func-
tional central pivot for accurate determination of 
isometry.

11.6.1  Graft Selection

Allograft is preferred for these complex surgical 
procedures. Preferred graft for the PCL is 
Achilles tendon allograft for single-bundle PCL 
reconstructions and Achilles tendon and tibialis 
anterior allografts for double-bundle PCL 
reconstructions. Achilles tendon allograft is pre-
ferred for the ACL reconstruction. The preferred 
graft material for the posterolateral corner is 
allograft tissue combined with a primary repair 
or a posterolateral capsular shift procedure. 
Preferred method for medial collateral ligament 
(MCL) and posteromedial reconstructions is a 
primary repair and/or posteromedial capsular 
advancement with allograft supplementation as 
needed [18].

11.6.2  PCL Reconstruction

PCL reconstruction technique can be performed 
transtibial, open, or arthroscopic tibial inlay. The 
preferred technique by the senior author is 
arthroscopic transtibial PCL reconstruction. An 
examination under anesthesia is performed to assess 
posterior drawer, posterior sag, dynamic stress tests 
for collateral ligaments, and posterolateral and 

a bFig. 11.4 (a) AP 
radiograph reduction left 
knee dislocation, (b) 
Lateral radiograph 
reduction left knee 
dislocation
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 posteromedial corner (Fig.  11.5). Diagnostic 
arthroscopy is performed through standard antero-
lateral portal with 30°arthroscope. The PCL is 
examined and debrided (Fig. 11.6). Preserve foot-
print for tunnel placement. Establish posteromedial 
portal under spinal needle guidance. A posterome-
dial arthroscopic portal is helpful to create the tibial 
tunnel for the PCL reconstruction arthroscopically. 
With a posteromedial portal, using a 30° or 70° 
scope either from the posteromedial position or 
through the notch can help expose the posterior 
tibial ledge. Preparation of the area can then be eas-
ily accomplished by working through either an 
anterior portal or the posteromedial portal. Dissect 

behind ACL, 10–12 mm below joint line to cepha-
lad border of popliteus (Fig. 11.7).

Place tibial guide on inferior aspect of PCL 
facet, lateral to posterior root of medial meniscus 
(Fig. 11.8a, b). Use fluoroscopy for tibial tunnel 
creation which aids in accurate and safe place-
ment of a guidewire into the appropriate site on 
the posterior tibia. The anterior entry site for the 
tibial tunnel is well distal to the usual ACL tunnel 
site. The exit site of the tunnel, at the back of the 
tibia, is critical. The guidewire should exit in the 
middle of the posterior facet of the natural PCL 
origin. This ensures that the reconstructed liga-
ment will be anchored far enough posteriorly to 
function properly. A properly placed guidewire, 
when seen on fluoroscopy on the lateral view, 
parallels the angle made by the joint of the proxi-
mal tibia with the fibula and runs just superior 
and parallel to the posterior curve of the proximal 
tibia cortex just underneath the posterior ledge.

Set the initial length of the guidewire from tip 
to drill chuck, such that when the guidewire has 
been advanced to the point at which the drill 
chuck hits the drill guide, the guidewire has just 
reached the inner table for the posterior tibial 
cortex.

Advance the guidewire under radiologic 
control from the beginning of the procedure. 

Fig. 11.5 Intraoperative dynamic posterior drawer stress 
test with positive posterior translation of tibia

Fig. 11.6 Arthroscopic view from anterolateral portal of 
PCL debridement

Fig. 11.7 Establishment of posteromedial working 
portal
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Stop advancement of the wire under power 
when the posterior cortex is reached (Fig. 11.9).

Penetrate the posterior cortex slowly, view-
ing it directly from the posterior medial portal 
with 70°arthroscope. Grasp the guidewire with 
an arthroscopic grasper to ensure that it is not 
advertently driven further posteriorly during 
reaming over the wire. Set the length of the 
reamer, from tip to drill chuck, to prevent inad-
vertent penetration of the reamer past the pos-
terior tibial cortex. Drill over the guidewire 
while viewing the advancing reamer with fre-
quent fluoroscopic radiographic spot pictures. 

Complete reaming by hand to protect neuro-
vascular structures (Fig. 11.10).

The site for the femoral tunnel in PCL 
reconstruction is chosen at a point anterior and 
superior on the medial wall of the intercondy-
lar notch. Center guide primarily within 
anterolateral bundle with anterior tunnel mar-
gin 2 mm off chondral junction at roof of the 
notch. When the notch is viewed with the knee 
flexed at 70–90° and is at the axilla of the 
medial wall and the roof of the notch, the point 
of guidewire placement is optimal. A low 

a b

Fig. 11.8 (a) Tibial guide in place at the PCL facet, (b) Visualization of posterior root of medial meniscus

Fig. 11.9 Intraoperative lateral fluoroscopic images 
demonstrating the proper entry point, trajectory, and exit 
point for the tibial drill and guide pin for PCL 
reconstruction Fig. 11.10 Overreaming tibial tunnel by hand viewed 

from posteromedial portal
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anterolateral portal helps to view the PCL 
femoral insertion site. The guidewire is placed 
from the anteromedial cortex of the distal 
femur into the chosen position in the intercon-
dylar notch using a standard drill guide, and 
the tunnel is made by reaming over the guide-
wire with the appropriate-sized reamer 
(Fig. 11.11a, b).

PCL graft is passed through anteromedial por-
tal and retrograde in tibia. Fixation occurs at 90° 
flexion with anterior drawer. Suspensory fixation 
is used for femoral tunnel and double fixation is 
used for tibia. The senior author’s preferred fixa-
tion method is Endobutton for femoral tunnel and 
interference screw with suture post screw for 
tibial fixation (Fig. 11.12a, b).

11.6.3  ACL Reconstruction

The tibial tunnel for the ACL is made in typical 
fashion using a standard drill guide and reamer 
system. A femoral tunnel for the ACL is also 
made in standard endoscopic fashion on the wall 
of the lateral femoral condyle (Fig. 11.13).

When all required tunnels have been con-
structed, the PCL graft is positioned first fol-
lowed by the ACL graft. When both grafts are in 
place, the PCL graft is tensioned and fixed in 
place first, followed by tensioning and fixation of 
the ACL graft. The knee must be properly reduced 
during fixation of the PCL graft to recreate the 
normal step-off. Proper tensioning of the PCL is 
best achieved with knee at 70° of flexion. 

a b

Fig. 11.11 (a) Guidewire position at femoral insertion of PCL, (b) Femoral tunnel socket at PCL insertion site viewing 
from low anterolateral portal

a b

Fig. 11.12 (a) Passage of PCL graft into femoral tunnel, (b) Final position of PCL graft at femoral tunnel
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Additional fixation can be used with fastening the 
draw sutures with either a ligament button or sta-
ples. The ACL graft is tensioned and fixed with 
interference screws with the knee in full exten-
sion and properly reduced [19, 20].

11.6.4  Posterolateral Reconstruction 
(Fibular-Based)

A curvilinear incision is made in the lateral aspect 
of the knee extending from the lateral femoral 
epicondyle to the interval between Gerdy’s tuber-
cle and the fibular head. The peroneal nerve is 
dissected free and protected through the proce-
dure. A neurolysis of the common peroneal nerve 
can be performed as necessary. The nerve is typi-
cally located posteromedially to the long head of 
the biceps femoris (Fig. 11.14).

The fibular head is exposed and a tunnel is 
created in an anterior-posterior direction at the 
area of maximal fibular diameter. The tunnel is 
created by passing a guide pin followed by a can-
nulated drill usually 6–7  mm in diameter. The 
free tendon graft is then passed through the fibu-
lar head drill hole (Fig. 11.15).

Next step is to identify the proximal insertions 
of the lateral collateral ligament (LCL) and the 
popliteus tendon. An incision is then made in the 
iliotibial band in line with fibers directly overly-
ing the lateral femoral epicondyle. The LCL 
insertions can be located approximately 1.5 mm 
proximal and 3 mm posterior to the lateral epi-

condyle. The femoral attachment of the popliteus 
tendon is located approximately 18.5 mm ante-
rior to the LCL insertion. The femoral aiming 
guide is placed between the LCL and popliteus 
tendon over the proximal LCL attachment. The 
guide pin should exit the medial aspect of the dis-
tal thigh, anterior and proximal relative to the 
entry point. A longitudinal incision is made in the 

Fig. 11.13 Femoral tunnel ACL reconstruction
Fig. 11.14 Exposure of lateral knee and identification of 
peroneal nerve with vessel loop

Fig. 11.15 Graft passed through the fibular tunnel with 
guidewire in femoral tunnel
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lateral capsule just posterior to the LCL. The 
graft material is passed medial to the iliotibial 
band and secured to the lateral femoral epicondy-
lar region, either with a screw and spiked liga-
ment washer or with interference screw 
(Fig. 11.16).

The final graft tensioning position is approxi-
mately 20° of knee flexion and neutral rotation 
while applying a gentle valgus force to reduce 
any lateral compartment laxity [21].

11.6.5  Posteromedial Reconstruction 
(MCL and PMC)

Posteromedial and medial reconstructions are 
performed through a medial hockey stick inci-
sion. Saphenous nerve is identified (Fig. 11.17). 
The superficial medial collateral ligament is 
exposed, and a longitudinal incision is made just 
posterior to the posterior border of the superfi-
cial MCL. The interval between the posterome-
dial capsule and medial meniscus is developed. 
The posteromedial capsule is shifted 
 anterosuperiorly. The medial meniscus is 
repaired to the new capsular position, and 
shifted capsule is sewn into the MCL using per-
manent braided suture for posteromedial insta-
bility (Fig. 11.18).

Fluoroscopy is used to obtain a perfect lateral 
of the distal femur. The femoral attachment of the 
superficial MCL is found where Blumensaat’s 

line intersects a line extended along the anterior 
aspect of the posterior cortex of the femoral shaft. 
A guide pin is inserted and a cannulated reamer is 
used to drill a socket for the screw (Fig. 11.19).

Either allograft or autograft may be used when 
reconstructing the posteromedial corner (PMC). 
When multiple ligaments are to be addressed, it is 
often beneficial to use allograft to limit morbidity 
to the patient. An incision is made longitudinally 
following the posteromedial border of the tibia. 
The anterior graft will recreate the MCL, and the 
posterior graft reconstructs the posterior oblique 
ligament (POL) providing stability to the PMC.

Just proximal to the insertion of the semitendi-
nosus tendon, a bicortical drill hole is created. 
The anterior limb of the graft is taken directly 
inferior from its femoral insertion in line with the 
MCL.  The posterior graft tunnels under the 

Fig. 11.16 Final position LCL graft into interference 
screw (yellow vessel loop around peroneal nerve and blue 
sutures tied to biceps femoris)

Fig. 11.17 Medial knee incision with identification of 
saphenous nerve

Fig. 11.18 Repair of medial meniscus. MCL has been 
pulled out from within the joint held by instrument
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 semimembranosus in a posterior to anterior 
direction toward the tibia. This graft recreates the 
POL as well as the direct insertion of the semi-
membranosus. The graft is tensioned at 30° knee 
flexion with gentle varus stress (Fig. 11.20). The 
posteromedial capsular advancement is per-
formed in conjunction with a strut graft to 
enhance the reconstruction and sewn into the 
newly reconstructed MCL (Figs.  11.21 and 
11.22).

11.6.5.1  Summary: Order of Surgical 
Steps [19]

 1. Examination under anesthesia and finalizing 
surgical plan.

Fig. 11.19 Lateral radiographic knee with guidewire 
located at femoral attachment of superficial MCL

Fig. 11.20 Completed posteromedial corner reconstruc-
tion tension at 30° with varus stress

Fig. 11.21 Final AP radiograph of a right knee after 
ACL, PCL, posterolateral corner, and posteromedial cor-
ner reconstruction

Fig. 11.22 Final lateral radiograph of a right knee after 
ACL, PCL, posterolateral corner, and posteromedial cor-
ner reconstruction
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 2. Graft harvesting/preparation.
 3. Diagnostic scope.
 4. Meniscus repair.
 5. Debride torn ACL and PCL.
 6. Place ACL/PCL pins and confirm positions 

by C-arm fluoroscopy.
 7. PCL femoral tunnel drilled.
 8. ACL femoral tunnel drilled.
 9. PCL tibial tunnel drilled.
 10. ACL tibial tunnel drilled.
 11. Pass PCL graft and fix femoral side.
 12. Pass ACL graft and fix femoral side.
 13. Pass PLC grafts.
 14. Place pins medial side and confirm positions 

by C-arm fluoroscopy.
 15. Tension PCL and fix femoral tibial side at 

90° of knee flexion.
 16. Tension ACL and fix tibial side at full 

extension.
 17. Tension and fix PLC on femoral side at 30° 

of knee flexion with slight valgus.
 18. Tension and fix superficial MCL on tibial 

and femoral side at 30° of knee flexion with 
slight varus.

11.6.5.2  Postoperative  
Rehabilitation [18]

While protection after multiligament knee inju-
ries surgery is important to allow the surgically 
repaired or reconstructed tissues to heal, massive 
injuries and complicated surgeries are more 
likely to develop knee joint stiffness, loss of 
motion, and arthrofibrosis. Rehabilitation after 
surgery for multiligament knee injuries depends 
on the condition of the host, including comor-
bidities, the anatomic structures that were injured, 
the quality of the repaired/reconstructed tissues, 
the strength of the fixation method, and any asso-
ciated injuries. Careful progression should reduce 
the risk for postoperative complications and max-
imize clinical outcomes for patients.

11.6.5.3  Criterion-Based 
Rehabilitation Progression.

Goals: Return individuals to (1) normal activi-
ties of daily living and (2) work, military duty, 
and sports activities at the same level or 
participation.

Three phases:

 1. Tissue Protection.
 (a) Restoration of knee motion.
 (b) Prevention of muscle atrophy.
 (c) Re-establishment of gait patterns with 

assistive devices.
• Initially, weight-bearing should be per-

formed in a locked, double upright knee 
brace to prevent sagittal or frontal plane 
motion.

• Gait activities are progressed based on 
knee inflammation and ROM, quadriceps 
strength, and neuromuscular control.

 2. Restoration of motor control.
 (a) Goals include full ROM compared to the 

opposite limb, symmetrical muscle 
strength, normal gait, and return to activi-
ties of daily living.

 3. Optimization of function.
 (a) Most tissue-specific considerations are 

not relevant, and the rehabilitation spe-
cialist is able to advance function without 
restrictions of tissue protection.
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Chronic Knee Dislocations

John M. Pinski, Matthew Salzler, 
and Christopher D. Harner

12.1  Introduction

Knee dislocations involve a complex and hetero-
geneous set of injuries with various clinical pre-
sentations [1, 2]. A multi-ligament knee injury is 
typically defined as a tear of at least two of the 
four major knee ligament structures: the anterior 
cruciate ligament (ACL), the posterior cruciate 
ligament (PCL), the lateral collateral ligament 
(LCL), and the medial collateral ligament (MCL) 
[3, 4]. Multi-ligament knee injuries have a high 
association with knee dislocations, and these 
terms are sometimes used interchangeably. 
Because over 50% of knee dislocations reduce 
spontaneously, clinicians must maintain a high 
degree of suspicion for dislocation-associated 
neurovascular injury [5]. The most commonly 
used classification to describe multi-ligamentous 
knee injuries was described in 1994 by Schenck 
to characterize knee dislocations based on the 
number of ruptured ligaments (Table 12.1) [6]. In 
addition to the KD classification, one must also 
know the timing of the injury, location (proximal, 

mid, distal), grade (1–3), any associated injuries 
to the menisci and articular cartilage and their 
grade, and any injuries to tendons about the knee 
(patella, biceps, etc.)

Surgical treatment of all multi-ligamentous 
knee injuries requires thoughtful preoperative 
planning, a detailed understanding of the techni-
cal aspects of surgery, and careful attention to 
the patient in the postoperative rehabilitation 
phase. In chronic cases, there is potential for the 
development of a progressive malalignment that 
may need to be corrected with a uniplanar or 
biplanar osteotomy. With regard to the surgical 
technique, we will discuss surgical tips and 
tricks including our recommendations for graft 
choice, the sequence of reconstruction, tunnel 
position and orientation, and the order of graft 
tensioning.
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Table 12.1 Anatomic classification of knee dislocations 
described by Schenck. Roman numerals are used to desig-
nate the severity of the dislocations

Anatomic classification of knee dislocations (KD)
Class Injury
KD I PCL or ACL intact knee dislocation, 

variable collateral involvement
KD II Both cruciates torn, collaterals intact
KD III Both cruciates torn, one collateral torn, 

subset M (medial) or L (lateral)
KD IV All four ligaments torn
KD V Knee fracture dislocation

Subtypes include medial sided (M), lateral sided (L), arte-
rial injury (C), and neurologic injury (N) [6]
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12.2  Case Presentation

A 19-year-old male collegiate wrestler sustained 
a knee dislocation after a twisting injury. His 
knee was reduced and splinted at an outside hos-
pital, and he underwent a CT angiogram which 
was negative for vascular pathology. He was ini-
tially treated with a brace and crutches. He was 
referred to the office 8 weeks after the injury neu-
rovascularly intact with a reduced knee. His pre-
operative range of motion was 3–100 versus 
0–130 on his contralateral knee. He was sent to 
physical therapy to improve his range of move-
ment (ROM) and strength. His preoperative exam 
and imaging demonstrated a complete ACL tear, 
a proximal MCL tear, and a high-grade partial 
PCL tear which based on the knee dislocation 
classification system is a KD III-M. Though this 
classification system is helpful in understanding 
the knee injury in broad terms, a more specific 
diagnosis is required and is necessary to deter-
mine an operative plan. Specifically, the diagno-
sis should refer to the timing of the injury, 
location and grade of injury of all ligaments, as 
well as injuries to the menisci and cartilage, and 
any underlying neurovascular injuries and defor-
mities. We would specifically classify this par-
ticular injury as a chronic grade 3 mid-substance 
ACL tear, grade 3 PCL mid-substance tear, and 
grade 3 MCL mid- substance tear with intact 
menisci and articular cartilage.

12.3  Preoperative Evaluation

A thorough history and physical exam are neces-
sary when evaluating a patient with a potential 
multi-ligamentous knee. A history of previous 
knee surgeries or vascular surgeries should be 
noted as it may affect surgical planning. Signs 
and symptoms of a deep venous thrombosis 
(DVT) should be routinely assessed with physi-
cal exam and a preoperative lower extremity 
duplex ultrasound [7]. The preoperative exam is 
of critical importance when assessing for multi- 
ligamentous knee injuries as concurrent ligamen-
tous injuries can often be missed in the acute 
presentation of a knee injury. Clinical examina-

tion should include assessment of active and pas-
sive knee range of motion, anterior and posterior 
drawer tests, Lachman test, McMurray test, dial 
testing, and stability with varus and valgus stress 
at 0 and 30° of knee flexion. These tests should be 
compared to the non-injured knee for symmetry 
and firmness of endpoints. Preoperative knee 
range of motion and lower extremity strength are 
important to evaluate when determining timing 
of reconstructions [8–10]. Once in the chronic 
setting, assuming the knee is concentrically 
reduced, we recommend preoperative physical 
therapy to regain a near full range of motion and 
strength.

In addition to magnetic resonance imagining 
(MRI) of the knee and standard weight-bearing 
knee radiographs, stress view and/or kneeling 
knee radiographs are essential for identifying and 
quantifying posterior tibial translation. With 
chronic multi-ligamentous knee injuries, long leg 
weight-bearing radiographs are required to assess 
for potential limb malalignment. A corrective 
osteotomy should be considered for any devia-
tion greater than 5° from the contralateral side 
and for chronic posterolateral corner instability 
in patients with varus alignment as varus limb 
alignment can lead to stretching and subsequent 
failure of reconstructive grafts [11].

Reconstructive graft choices should be dis-
cussed with the patient prior to surgery and they 
include autografts and allografts. Allograft 
choices include bone-patellar tendon-bone, ante-
rior tibialis tendon, posterior tibialis tendon, or 
Achilles tendon, while autograft choices include 
quadriceps tendon, hamstring tendon, or bone-
patellar tendon-bone. Fanelli et al. [12] found no 
significant difference in functional improvement 
or knee stability between autograft or allograft 
multi- ligament knee PCL reconstructions. When 
possible, we prefer autograft for ACL and PCL 
reconstruction in young patients. If autograft is 
chosen for PCL reconstruction, our preference is 
quadricep autograft with bone block as it has a 
length of 10–12  cm which is necessary for the 
reconstruction. Otherwise, we often favor 
allografts for the collateral reconstructions with 
consideration to patient factors and concomitant 
injuries in  determining the graft choice for the 
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ACL reconstruction. Allografts eliminate donor 
site morbidity while simultaneously reducing the 
number of surgical incisions which could poten-
tially reduce the postoperative pain and stiffness 
associated with autograft harvest. Possible disad-
vantages for allograft include greater cost, poten-
tial for disease transmission, and a slower rate of 
incorporation [13]. When allografts are not avail-
able or not considered the best choice, autografts 
are a viable option as there have been good results 
of reconstructions of multi-ligamentous knee 
injuries with hamstring or bone-patellar tendon- 
bone (BPTB) grafts [14]. Avoid ipsilateral ham-
string graft with concomitant MCL injuries as the 
hamstrings may also be injured and are a second-
ary medial stabilizer and avoiding ipsilateral 
BPTB or quadriceps tendon autografts these 
grafts choices in the setting of PCL injuries as the 
extensor mechanism is a stabilizing force in these 
injuries.

12.4  Operating Room Setup

The patient is placed supine on a radiolucent 
operating room table with a knee post and bar 
which allows for knee flexion to 90°. The 
arthroscopic tower should be located on the non- 
injured side with fluoroscopy or flat plate radio-
graphs if fluoroscopy is not available and located 
on the operative side of the patient. It is the 
senior surgeon’s preference not to use a tourni-
quet, but it is acceptable to place a well-padded 
non-sterile thigh tourniquet. Though it may be 
placed, it should rarely be inflated. It should be 
known that these cases often last 3–6 h, and the 
maximum time length for a tourniquet is 2  h, 
and, once it is let down, there is often a venous 
tourniquet. A sequential compression device 
boot is applied to the non-operative leg for 
mechanical DVT prophylaxis, and chemical 
DVT prophylaxis should be considered taking 
into account patient risk factors. We typically 
recommend aspirin 325 mg daily for 4–6 weeks 
at a minimum and consider a prophylactic dose 
of Lovenox for 4 weeks if the patient is a smoker, 
is on oral contraceptives, or has a personal or 
family history of DVT.

Overview of surgical technique: chronic multi- 
ligamentous knee injury
1. Exam under anesthesia.
2. Diagnostic arthroscopy.
3. Preparation of the ACL and PCL tunnels with 

associated grafts.
4. Pass the PCL graft and secure it on the femoral 

side.
5. Pass the ACL graft and secure it on the femoral 

side.
6. Open MCL reconstruction (and/or posterolateral 

corner).
7. Tibial fixation of both the ACL and PCL grafts.
8. Post-reconstruction exam under anesthesia.

12.5  Surgical Technique

A fluoroscopic examination under anesthesia 
(EUA) is done using the same preoperative exam 
physical exam tests of both the injured knee and 
the uninjured knee prior to starting the recon-
struction (Fig. 12.1).

After EUA, administration of preoperative 
antibiotics, and an appropriate surgical time-out, 
the operative knee joint is injected with 20 ml of 
local anesthetic with epinephrine through the 
superior lateral approach. A curvilinear incision 
centered over the medial joint line is drawn out 
along with standard anterolateral and anterome-
dial arthroscopic portal sites (Fig. 12.2).

These sites are also infiltrated with local anes-
thetic with epinephrine. Though we place a tour-
niquet, we prefer to use epinephrine and 
meticulous hemostasis over tourniquet inflation. 
A #11 blade is used to create an anterolateral por-
tal, and an anteromedial portal is created under 
spinal needle localization with arthroscopic visu-
alization to prevent injury to the medial menis-
cus. A diagnostic arthroscopy is performed 
examining for loose bodies, meniscal injuries, 
cartilage injuries, and injuries to the ACL, PCL, 
and intra-articular popliteus tendon.

The PCL graft is fashioned from an Achilles 
tendon allograft bone block, the ACL graft is 
fashioned from a bone-tendon-bone allograft, 
and the MCL graft is fashioned from a posterior 
tibialis tendon allograft. Each graft is soaked in 
warm saline until they reach room temperature. 
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Bone blocks are fashioned to the appropriate 
size; we typically use a size 10. Two #2 heavy 
nonabsorbable sutures are placed through drill 
holes in each of the bone blocks, and the soft tis-
sues ends of all grafts are whipstitched with #5 
sutures. Of note, if a posterior oblique ligament 
(POL) reconstruction is to be performed, the 
Achilles allograft can be used, and the soft tissue 
portion of the graft is separated into two limbs 
such that one limb can function as the MCL and 
the other can function as the POL. Each graft is 
placed on 15–20 pounds of tension for 15  min 
overwrapped in saline-soaked gauze.

The ACL and PCL stump sites are prepared 
with an oscillating shaver. It is important to pre-
serve the meniscofemoral ligaments and the pos-
teromedial portion of the PCL whenever possible, 
but we prepare the anterolateral portion. A PCL 
reconstruction guide is placed on the tibial PCL 
facet, and a guidewire is passed starting on the 
anteromedial tibia up to the origin of the PCL 
through a single transtibial technique. A mini 
C-arm is used to confirm the placement of the 
 tip- aiming guide (Fig. 12.3). On an anteroposte-
rior (AP) radiograph, it is located at the center of 
the tibial spines and on a lateral radiograph; it is 

Valgus

Anterior drawer

Posterior drawer

Fig. 12.1 Intraoperative 
radiographs of an exam 
under anesthesia 
demonstrating an AP 
fluoroscopic image with 
valgus stress, lateral 
images in neutral and 
with an anterior drawer 
and posterior drawer 
force applied

a bFig. 12.2 (a) Lateral 
and (b) AP of planned 
surgical incisions for an 
MCL reconstruction 
with concurrent 
arthroscopic ACL and 
PCL reconstructions
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70% on the way from proximal and anterior to 
posterior and distal along the PCL facet on lateral 
imaging [15].

A microfracture awl mark or an outside-in 
femoral tip-aiming guide is placed as anterior as 
possible on the medial femoral condyle; the tun-
nel is then drilled after confirmation of the pin 
placement. We recommend under drilling the 
tunnels by a half to full size and hand dilating up 
to the desired size. A flexible rasp is passed and 
used to smooth the edges of the PCL tunnel to aid 
in passage and final incorporation of the graft 
(Fig. 12.4).

The origin of the ACL on the lateral femoral 
condyle is identified, marked with a microfrac-
ture awl, and confirmed by viewing the tunnel 
location through the anteromedial portal. The 
knee is then hyperflexed and the femoral tunnel is 
drilled out the lateral cortex of the femur. Drilling 
instruments are passed with caution as to avoid 
damage to the medial femoral condyle. The fem-
oral tunnel is then hand-dilated to the appropriate 
size based on the size of the graft. The stump of 
the tibial ACL, if present, is identified. A tip- 
aiming guide is centered between the tibial spines 
at the level of the posterior border of the anterior 
horn of the lateral meniscus. A Steinmann pin is 
drilled up to the tip-aiming guide, and the loca-
tion of the pin is confirmed with fluoroscopy on 
AP (40% of the way from the medial to lateral 
tibial spine) and lateral (40% of the way from the 
anterior to posterior tibial plateau) views 
(Fig. 12.5).

After drilling with an undersized half acorn 
reamer, the tibial tunnel is hand-dilated to the 
appropriate size based on the size of the graft. 
The PCL graft is then passed with the soft tissue 
side first retrograde up the tibia then passed 
through the medial side of the knee. The PCL 
graft is then anchored to the femur using screw 
fixation. The appropriate lengths on the ACL 
graft from the adjustable cortical suture button 
and graft are marked. The sutures from the suture 
button are brought retrograde through the tibial 
tunnel using the previously passed PDS suture. 
After visualizing that the cortical button flip out-
side the lateral cortex, it is confirmed with fluo-
roscopy, and the graft is then seated in the femoral 
tunnel (Fig. 12.6).

The previously described medial incision is 
created using a #15 blade. Electrocautery is used 
to coagulate any bleeding vessels, and the dis-
section is continued down to the level of the fas-
cia using Metzenbaum scissors. Care is taken to 
identify and preserve the branches of the saphe-
nous nerve. Though the medial layers of the knee 
are often still torn in the acute setting, in a 
chronic injury, they are often scarred together 
and may be healed with excess laxity. Because of 
this, careful attention is paid to dissecting and 
tagging each layer individually. Tagging sutures 

Fig. 12.3 Intraoperative radiograph showing the trajec-
tory of the tibial tunnels for the PCL and ACL reconstruc-
tion. The divergent tunnel trajectory is crucial to a 
successful reconstruction
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a b c

d e f

Fig. 12.4 Intraoperative arthroscopic images of the wall 
preparation and drilling of the PCL femoral tunnel. (a) 
Identification of the PCL insertion site on medial femoral 
condyle. (b, c) PCL femoral insertion site debrided. (d) 
PCL tunnel site marked with a microfracture awl. (e) 

Drilling of the femoral PCL tunnel. (f) Completed femo-
ral PCL tunnel. Note preservation of the meniscofemoral 
ligaments and PM component to the PCL in the bottom 
right of the image

a

c d

b
Fig. 12.5 Intraoperative 
arthroscopic images 
detailing the preparation 
and drilling of the tibial 
and femoral tunnels for 
the ACL graft. (a) ACL 
insertion site on the tibia 
identified with the 
tip-aiming guide. (b) 
Drilling of the ACL 
tibial tunnel. (c) 
Identification of the 
insertion of the ACL on 
the femur using the 
lateral intercondylar 
ridge is with a 
microfracture awl for 
placement of the femoral 
sided tunnel. (d) 
Completed ACL 
femoral tunnel
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can both facilitate closure as well as allow for 
retensioning in conjunction with a reconstruc-
tion. The anterior border of the POL is identified, 
and a vertical incision is made exposing the deep 
MCL and POL below the level of the sartorius 
fascia.

Next, the medial epicondyle of the knee as 
well as the origin of the MCL on the femoral 
condyle are identified. A Beath pin is placed in 
the origin of the MCL and passed across the lat-
eral side of the knee ensuring that the pin is 
extra- articular. Pin placement is confirmed with 
fluoroscopy to ensure that the patellofemoral 
joint and prior tunnels are avoided. The MCL 
tunnel is drilled to 30  mm over the Beath pin, 
and the allograft is passed into the tunnel and 
secured with an interference screw. If there is 
rotatory instability, the POL can be both reten-
sioned using a pants-over-vest technique and 
reconstructed with a separate limb of graft to the 
proximal tibia. The MCL soft tissue limb is 
brought down and slightly proximal to the MCL 
insertion to avoid the semitendinosus and graci-
lis tendons. With the knee in approximately 15° 

of flexion with a maximum valgus force, the 
graft is then secured in place with a screw and a 
spiked washer (Fig. 12.7).

After reconstruction of the MCL, the PCL and 
the ACL grafts will be anchored on the tibia. The 
knee is cycled a minimum of 10 times under 
maximal tension to remove any creep from the 
grafts. An anterior drawer force is then placed on 
the knee with the knee in 90° of flexion, and the 
PCL graft bone block is secured in place under 
maximal hand tension. The knee is then brought 
into 20° of flexion with a posterior drawer force 
applied to the tibia, and the ACL graft is secured 
under maximal hand tension. If tunnel fixation is 
utilized, backing up the fixation with a post and 
washer may be considered. The arthroscope is 
placed back into the knee to evaluate the tension 
of the ACL and PCL as well to inspect the joint 
for any protruding hardware. The knee is then 
reexamined for translation with anterior and pos-
terior draw and for laxity at 0 or 30°. Local anes-
thetic is injected into the knee joint, the sartorius 
fascia is repaired and retensioned with 0-Vicryl, 
and all other incisions are closed. The incisions 

a b c

d e f

Fig. 12.6 Intraoperative arthroscopic images depicting 
the passage of the PCL and ACL reconstructive grafts. 
The PCL graft is anchored to the femur prior to passage 
and fixation of the ACL graft. (a) Graft suture passing 

through the femoral ACL tunnel. (b, c) Passing of the PLC 
graft into the femoral tunnel. (d) PCL graft in place. (e, f) 
Both the PCL and ACL grafts have been passed into their 
respective tunnels
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are dressed with sterile dressings, wrapped in an 
ACE wrap, and placed in a hinged knee brace 
locked in extension.

12.6  Postoperative Rehabilitation 
Protocol

Appropriate rehabilitation with close follow-up 
is necessary to ensure a good outcome from a 
multi-ligament reconstruction. We typically keep 
a patient locked in extension for 4  weeks and 
consider casting if there are concerns about 
patient compliance. We recommend seeing 
patients every week for the first 2–3 weeks, every 
other week for weeks 3–7, and then every 6 weeks 

after to ensure that the patient is progressing 
well. In addition to reminding the patients of 
their rehabilitation instructions, we recommend a 
low threshold to return to the operating room for 
either a dropout cast for extension problems or a 
manipulation under anesthesia for flexion prob-
lems. If a patient is still having problems with 
flexion at 8  weeks, we would recommend a 
weekly follow- up and a manipulation under 
anesthesia at 12 weeks if they are not making sig-
nificant progress.

Every multi-ligamentous knee injury and 
reconstruction is different, and their rehabilita-
tion protocols need to be individualized. However, 
general considerations include weight-bearing as 
tolerated for PCL and ACL reconstructions. With 

a

c d

bFig. 12.7 Open MCL 
reconstruction with a 
tibialis anterior allograft. 
(a, b) Placement of the 
allograft to reconstruct 
an anatomic MCL. (c, d) 
Closure of the MCL and 
POL reconstruction 
using tagging sutures 
placed during the initial 
dissection
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collateral reconstructions, the patient is made 
non-weight-bearing for 3 weeks followed by par-
tial weight-bearing for 3 weeks with full weight- 
bearing at 6  weeks post-op in a hinged knee 
brace. The brace is kept locked in extension for 
4 weeks. The first 2 weeks of rehabilitation are 
focused on pain control and achieving full exten-
sion. Straight leg raises in all planes, calf pumps, 
quadriceps sets, and electrical stimulation can be 
performed. Phase 2 is from weeks 2 to 6 and 
includes prone passive knee flexion to 90° with 
care to avoid posterior tibial sag. Wall slides can 
be progressed to mini squats (0–45°) when the 
patient exhibits good quadriceps control. Phase 3 
is from week 6 to 12, and the goals are to achieve 
full flexion, establish normal gain, and progress 
to strengthening and endurance. The patient is 
full weight- bearing with the brace unlocked and 
may discontinue the brace when the gait has nor-
malized. Phase 4 is from 3 months to 6 months, 
and goals include maintaining full range of 
motion with improved strength and propriocep-
tion. During this phase improvement on flexibil-
ity and closed chain strengthening exercises are 
initiated. Jogging can be initiated around 4–5 
months when quadriceps strength is 90% of the 
contralateral side. Phase 5 is 6–9  months post-
operative and goals with the goal of return to all 
recreational and sporting activities by 9 months. 
Agility drills and plyometric exercises are used to 
meet the criteria for return to sport which include 
full painless range of motion, quadriceps and 
hamstring strength that is 90% of the contralat-
eral side, and no apprehension with all sport-spe-
cific drills.

Surgical tips and tricks: chronic multi-ligamentous 
knee injuries
1. Ensure the ACL and PCL tibial pins, the ACL and 

PLC femoral pins, and the PCL and MCL femoral 
pins are divergent using fluoroscopy prior to tunnel 
drilling.

2. Avoid intra-articular placement of the MCL guide 
pin.

3. Tensioning tips:
 (a)  ACL: 20° of flexion with a posterior drawer 

force applied to the tibia.
 (b)  PCL: 90° of flexion with an anterior drawer 

force applied to tibia.

(c)  MCL: 15° of flexion with a maximum valgus 
force.

 (d)  LCL: 15° of flexion, maximum varus force, 
neutral tibia.

4. Do not forget about rotational instability; the POL 
and posteromedial corner or posterolateral corner 
may need to be reconstructed.

5. Postoperative rehabilitation: be conservative in the 
initial 6 weeks while grafts are healing. Immediate 
ROM exercises should be done with caution, and all 
exercises should be closed chain.
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Fractures Associated with Knee 
Ligamentous Injury
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13.1  Introduction

Injuries to the knee are often complex with sig-
nificant involvement of both soft tissue and bony 
structures. Fractures are related to the position of 
the knee at the time of impact and the mechanism 
of injury involved. As such, a number of common 
fracture patterns have been described. In the 
treatment of these complex injuries, particular 
attention should be paid to the timing of operative 
intervention, surgical rationale, and order of 
treatment. Three broad categories of fractures are 
discussed in relation to these complex knee inju-
ries: avulsion and impaction fractures commonly 
related to knee injury, articular or periarticular 
fractures with resultant soft tissue injuries, and 
fractures remote to knee injury.

13.2  Epidemiology

Becker et al. [1] published a report investigating 
multiligamentous knee injury patterns presenting 
to a level 1 trauma centre. Of the 106 knee liga-
ment injuries examined over an 8-year period, 
25% had associated ipsilateral tibial plateau frac-
tures, and 19% had associated ipsilateral femoral 

fractures. A further study by Shepherd et al. [2], 
investigating the prevalence of soft tissue injuries 
in nonoperative tibial plateau fractures, deter-
mined that 40% had complete ligament disrup-
tion and 80% had meniscal tears. Considering 
tibial plateau fractures requiring operative inter-
vention, Gardner et al. [3], in their study of 103 
consecutive patients, revealed that 77% sustained 
a complete tear or avulsion of one or more cruci-
ate or collateral ligaments and 68% had tears of 
one or more of the posterolateral corner struc-
tures of the knee; the most frequent fracture pat-
tern was a lateral plateau split-depression 
(Schatzker II), sustained in 60% of patients. 
Stannard et al. [4], in a similar study, determined 
that 71% of patients with tibial plateau fractures 
tore at least one major ligament, while 55% of 
patients tore multiple ligaments. Therefore com-
binations of soft tissue injury and bony injury are 
common and should be considered in conjunc-
tion with one another.

13.3  Soft Tissue Knee Injury 
and Associated Fractures

In general, multiligamentous knee injuries, rather 
than isolated soft tissue knee injuries, are often 
associated with avulsion or impaction fractures 
[5]. Many of these fractures are visible on plain 
radiographs and are indicative of ligamentous 
disruption and possible reduced knee dislocation. 
Schenck described the anatomical classification 
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of knee dislocation based on the ligaments and 
structures that were injured [6], including four 
combinations of ligament injury (KD I to KD 
IV). An additional category, KD V, was added by 
Wascher et al. [7] to encompass fracture disloca-
tions. KD V is specific to periarticular fractures 
and does not include avulsion fractures or frac-
tures remote to the knee. The other fracture pat-
terns encountered include Segond fractures, 
‘reverse- Segond’ fractures, tibial spine avulsions, 
tibial plateau compression fractures, fractures of 
the fibular head, avulsions of the popliteus, osteo-
chondral fractures, and marginal tibial plateau 
fractures. It is imperative to identify these frac-
tures, as they should raise suspicion for associ-
ated neurovascular pathology that should not be 
overlooked when assessing a multiligamentous 
injured knee. It is the experience of the authors 
that isolated repair of avulsion injuries may give 
rise to residual laxity due to the plastic deformity 
to the ligament or capsular structure prior to the 
bony avulsion and that reconstruction may be 
more appropriate.

13.3.1  Segond Fracture

Segond fractures, first described in 1879, occur 
as a result of excessive varus and internal rota-
tion and involve a bony avulsion from the tibia 
just distal to the lateral tibial plateau [8] 
(Fig. 13.1). The Segond fracture is caused by an 
avulsion of the anterolateral complex [9]. In a 
recent study, a magnetic ressonance imaging 
(MRI) analysis revealed that soft tissue attach-
ments to the Segond fracture are the posterior 
fibres of the iliotibial band (ITB) and the lateral 
capsule in most of the cases [10]. These struc-
tures are involved in the control of the rotational 
stability of the knee. A Segond fracture, there-
fore, can be associated with significant knee 
damages, including anterior cruciate ligament 
(ACL) tears, meniscal tears, and injury to the 
posterolateral corner in addition to other liga-
mentous injuries [5, 11, 12]. Traditionally they 
are regarded as pathognomonic for ACL rupture, 
but any patient with a Segond fracture in the 
trauma setting should be evaluated for a con-

comitant multiligamentous injury, including a 
detailed vascular examination. It is possible to 
sustain a Segond fracture without ACL injury 
[13]; therefore a high index of suspicion should 
be maintained for other injuries.

Typically the Segond fracture is not treated 
directly, but as it indicates a high likelihood of 
other significant knee pathologies, investigation 
and treatment are directed at that underlying 
pathology.

13.3.2  Reverse Segond Fracture

‘Reverse Segond’ fracture is the term attributed 
to avulsion fractures from the medial tibial 

Fig. 13.1 Anteroposterior radiograph of the left knee 
depicting a Segond fracture (white arrow). This fracture is 
an avulsion of the anterolateral aspect of the tibial plateau 
and is associated with rupture of the anterior cruciate liga-
ment. (Image courtesy of Dr. Ryan Martin, Calgary, 
Canada)
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 plateau (Fig. 13.2). This fracture is brought about 
by the opposite mechanism to that which creates 
a Segond fracture, valgus, and internal rotation of 
a flexed knee and typically requires a higher 
energy mechanism than a Segond fracture [14]. It 
has been associated with combined posterior cru-
ciate ligament (PCL) and medial collateral liga-
ment (MCL) injuries [14, 15]. Merrit et al. [16] 
have described a spectrum of pathology associ-
ated with the ‘reverse-Segond’ fracture, includ-
ing intra-substance tears of the superficial, deep, 
and/or posterior oblique fibres of the MCL, in 
addition to extensive stripping of the soft tissue 
attachments off the proximal tibia on the medial 
side.

Treatment of these fractures is best performed 
in the acute setting. The avulsed bony fragment is 
identified and repaired with the adjacent soft tis-
sue. A variety of techniques, including bone 

anchors and AO fracture reduction principles, can 
be employed. After 6 weeks, capsular structures, 
left unrepaired, tend to shorten, and anatomic 
reduction is difficult to achieve.

13.3.3  Anterior Cruciate Ligament 
Avulsion

Avulsion fractures of the tibial insertion of the 
ACL (Fig.  13.3) are common and are also fre-
quently associated with a multiligamentous knee 
injury pattern [17]. Tibial eminence fractures are 
normally indicative of injury to the ACL and/or 
PCL as well as almost certain disruption to some 
or all of the meniscal root [16]. Traditionally, 
avulsion fractures of the tibial eminence have 
been described in the paediatric population using 
the Meyers and McKeever classification [18]. 
However, this classification can be applied to the 
adult population and may help to guide 
treatment.

Fixation of ACL avulsions allows early range 
of motion to avoid undue arthrofibrosis and 
assurance that the tibial footprint of the ACL is 

Fig. 13.2 Anteroposterior radiograph of the right knee 
demonstrating a ‘reverse Segond’ fracture. This is an 
avulsion fracture of the anteromedial aspect of the tibial 
plateau which is associated with medial collateral liga-
ment and posterior cruciate ligament injuries

Fig. 13.3 Anteroposterior radiograph depicting (white 
arrow) an avulsion of the tibial spine in a paediatric patient
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restored. Arthroscopic repair of tibial eminence 
fractures is possible and allows concurrent 
assessment and treatment of any meniscal pathol-
ogy. An arthrotomy may be required to assist 
reduction, and fixation may take the form of 
screws or trans-osseous sutures or a button device 
[19]. Krakow sutures through the ligament are 
often necessary to supplement screw fixation.

13.3.4  Posterior Cruciate Ligament 
Avulsion

Much like a tibial avulsion of the ACL, the PCL 
may be avulsed, typically in combination with 
injury to the posterolateral corner (PLC) 
(Fig.  13.4). Unlike midsubstance tears of the 
PCL, bony avulsions should be primarily repaired 
to restore function to the PCL. Fixation of a bony 
avulsion of the PCL can be achieved using an 

open approach, either directly posteriorly or pos-
teromedially, which avoids direct dissection of 
the popliteal neurovascular structures [20]. 
Similar to an ACL avulsion, fixation may be 
achieved with screws or suture and button 
devices. Arthroscopic or arthroscopic- assisted 
techniques may also be used [21], which avoid 
the morbidity associated with open approaches.

13.3.5  Impaction Fractures

The force imparted on the knee during injury 
may also give rise to impaction fractures 
(Fig. 13.5a, b). The mechanism of injury is typi-
cally a compression force with hyperextension 
and differs to that of avulsion fractures, which 
commonly involve a tensile force with or with-
out a rotational element [5, 22, 23]. These frac-
tures are often seen on the anteromedial aspect 
of the tibia and anterior medial femoral condyle 
and are associated with PCL and PLC/lateral 
collateral ligament (LCL) injuries [24].

Bony compression fractures may also occur 
on the distal femoral articular surface as a result 
of its impact on the tibial plateau [25]. This force 
is most commonly found with an ACL tear and 
joint subluxation in the classic pivot shift 
pattern.

The treatment of impaction fractures can be 
difficult. If dealt with acutely, anatomical reduc-
tion of the depressed subchondral fragment may 
be possible and held with a small buttress or 
‘washer’ plate. ‘Retrograde disimpaction’ has 
been described to elevate the subchondral depres-
sion on the femoral side [26].

13.3.6  Fibular Head Avulsions

An avulsion fracture of the fibular head has 
been referred to as the ‘arcuate sign’ and repre-
sents a sleeve of bone pulled away from the 
proximal fibula [27, 28] with the corresponding 
soft tissue attachments (Fig. 13.6). The size and 
location of the avulsed fragment is helpful to 

Fig. 13.4 Lateral radiograph of the left knee depicting a 
displaced avulsion fracture of the tibial attachment of the 
posterior cruciate ligament (white arrow) (Image courtesy 
of Dr. Ryan Martin, Calgary, Canada)
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identify which of the PLC structures have been 
injured. The LCL, popliteofibular ligament, 
biceps femoris, fabellofibular, and arcuate 
 ligaments all insert on the fibular head at differ-
ent locations. Larger avulsions or a commi-
nuted fibular head fracture may indicate a more 
extensive injury, whereas smaller avulsion may 
suggest that a solitary structure has been 
avulsed [29]. These fractures make reconstruc-
tion considerably more challenging. The fixa-
tion method depends on the size and extent of 
comminution of the fragment. Where possible, 
direct screw fixation of the fracture is best; 
however, a variety of techniques may need to be 
employed including Krakow sutures with bone 
anchors and tension band wiring.

13.3.7  Fractures Associated 
with Patella Dislocation

Patella dislocation may occur in conjunction with 
tibiofemoral dislocation or, more commonly, in 
isolation. Fracture associated with patella disloca-
tion can range from osteochondral injury to avul-
sion fractures of the medial patellofemoral 
ligament [30] (MPFL) (Fig. 13.7). Osteochondral 

a b

Fig. 13.5 (a) An arthroscopic view of the medial femoral 
condyle with an extensive impaction fracture of the chon-
dral surface, which is highlighted by the arthroscopic 

probe; (b) A coronal T2 magnetic resonance image of the 
same knee depicting a depressed impaction fracture of the 
medial femoral condyle

Fig. 13.6 Anteroposterior radiograph depicting an avul-
sion fracture of the fibular head (white arrow). This is also 
called an ‘arcuate sign.’ This fracture typically represents 
injury to the structures of the posterolateral corner. (Image 
courtesy of Dr. Ryan Martin, Calgary, Canada)
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injury is said to be very common during patella 
dislocation, occurring in up to 95% of acute 
patella dislocations [30], and can range in severity 
from chondral impaction to displaced osteochon-
dral fragments. They may be difficult to appreci-
ate on plain radiography, requiring MRI for 
diagnosis. In general, impaction injuries are 
treated nonoperatively, and displaced osteochon-
dral fragments should be considered for removal 
if small, or repair if large.

During acute patella dislocation, the MPFL is 
frequently injured and can range from intra- 
substance ligament injury to avulsion of the 
attachment on the patella or femur. Avulsions 
may involve a large segment of patella chondral 
surface, which may benefit from fixation. 
However, the results of fixation of avulsions 
without chondral involvement may not indicate 
any benefit over nonsurgical management [31].

13.3.8  Osteochondral Fractures

Traumatic osteochondral fractures of the knee 
commonly occur in conjunction with soft tissue 
injuries such as ACL rupture or patella disloca-
tion [32] (Fig. 13.8). The most common sites of 
injury are the patella or femoral condyles, and 
despite it being a common concurrent injury, 
there is little consensus as to an appropriate treat-
ment algorithm [33]. There is much heterogene-
ity regarding different treatment options and 
indications, and therefore it is difficult to recom-
mend one treatment over another. Options include 
excision or fixation with k-wires, bioabsorbable 
pins, and fibrin glue and range from arthroscopic 
to open surgery [33].

13.4  Fractures and Associated 
Soft Tissue Injury

Severe fractures of the distal femur or proximal 
tibia represent a distinctly different problem com-
pared to avulsion and marginal impaction frac-
tures. The energy involved in these injuries is very 
high, and management of the fracture is normally 
independent of procedures required to confer liga-
mentous joint stability. The functional outcome of 
these injuries is worse than isolated ligamentous 
injuries, despite appropriate management of both 
the fracture and the soft tissue component.

13.4.1  Femoral Fractures

Periarticular and articular fractures of the femur 
include supracondylar fractures and femoral con-
dyle fractures. Siliski et al. [34] reported supra-
condylar fractures with associated ligamentous 
injury; ACL injuries were found to be commonly 
associated with this fracture configuration. 
Interestingly, there were no reports of complete 
knee dislocation or multiple ligament injuries 
with supracondylar fractures.

Fig. 13.7 Avulsion fracture of the medial patello femoral 
ligament

Fig. 13.8 An axial MRI which demonstrates a displaced 
osteochondral fragment (yellow line) from the medial 
patellar facet
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Femoral condyle fractures have been associ-
ated with knee dislocation. In general the liga-
ments are preserved and attached to the fragment. 
However, despite fixation, these patients have 
only fair to good results with limited range of 
motion following fixation [35]. The ‘Hoffa’ frac-
ture (Fig. 13.9) has been associated with disrup-
tion to the extensor mechanism, which typically 
occurs as a result of a shearing force when a load 
is transmitted to a flexed knee. Most references to 
these injuries in the literature are case reports; the 
consensus on treatment is that stiffness is a 
greater problem than instability. The recommen-
dation is appropriate treatment of the fracture, 
typically via open reduction and internal fixation 
with compression screws and buttress plating, 
followed by nonoperative management of any 
ligamentous injury or delayed reconstruction 
once the fracture has healed, and range of motion 
has been re-established [35, 36].

13.4.2  Tibial Fractures

The association of ligamentous injuries with 
tibial fractures is well recognized [5] 
(Fig. 13.10). Standard et al. [4] have found that 
up to 71% of patients tore at least one major 
ligament with a tibial plateau fracture. Using the 
Schatzker classification, the prevalence of the 
ligamentous injuries associated with the frac-
ture type has been subcategorized: Type I, 46%; 
Type II, 45%; Type IV, 69%; Type V, 85%; and 
Type VI, 79%.

Standard’s study revealed that a significant 
difference exists between groups regarding the 
incidence of ligament injuries and also regarding 
high-energy (types IV, V, VI) versus low-energy 
(types I, II, III) fracture patterns. Knee disloca-
tions (dislocated on presentation, bicruciate 

Fig. 13.9 An anteroposterior radiograph of the left knee 
showing an intra-articular fracture (white arrow) of the 
medial femoral condyle, the so-called ‘Hoffa’ fracture. 
Typically the ligamentous attachments of the knee are 
maintained and fixation of the fracture will restore 
stability

Fig. 13.10 An anteroposterior radiograph of the right 
knee demonstrating a highly comminuted tibial plateau 
fracture. These injuries are commonly associated with 
injury to the soft tissue structures of the knee
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injury, or at least three ligament groups torn with 
a dislocatable knee) were most common in 
Schatzker type IV fractures (46%). The study 
concluded that high-energy fracture patterns 
(Schatzker types IV, V, VI) clearly have a signifi-
cantly higher incidence of ligament injury and 
these patients should be carefully evaluated to 
rule out a spontaneously reduced knee disloca-
tion. The authors recommend that MRI should be 
performed for all tibial plateau fractures caused 
by a high-energy mechanism, allowing identifi-
cation and treatment of associated soft tissue 
injuries.

Typically, treatment involves appropriate non-
operative or operative fixation of the tibial frac-
ture, with either delayed reconstruction or 
nonoperative ligamentous management.

13.4.3  Patellar Fractures

The extensor mechanism can be injured in the set-
ting of knee injury by rupture of the patellar liga-
ment or fracture of the patella (Fig.  13.11). In a 
series of 112 patellar fractures, Kosanovic et al. 
[37] reported 5% had ligamentous injuries of the 
knee and 4% had knee dislocations. The fractures 
were all comminuted and underwent osteosynthe-
sis at the time of ligament reconstruction. 
Postoperative knee motion is critical to prevent 
stiffness. However, it is of course possible to sus-
tain a soft tissue disruption of the extensor mecha-
nism, where early range of motion is contraindicated 
following repair and, therefore, increases the risk 
of the development of arthrofibrosis [38].

13.4.4  Fractures Remote to the Knee

Bony injury may occur at an anatomical location 
separate to the concurrent knee injury and include 
fractures of the pelvis/acetabulum, hip, femoral 
and tibial shaft, distal tibia, plafond, foot, and 
upper extremity (Fig. 13.12). The very nature of 
multiple injuries indicates a high-energy injury 
with multisystem disruption. The presence of 
concomitant injury has a significant effect on 
clinical outcome and may affect surgical timing, 

rehabilitation, and the risk of the development of 
postoperative infection.

In general ipsilateral knee injuries are easier to 
rehabilitate, as the patient has a healthy contralat-
eral limb. Surgery should proceed according to the 
standard principles for extremity injuries. 
Contralateral injuries present a bigger challenge. 
The surgeon must consider the benefits of early 
knee reconstruction against the risk of a bed- 
ridden patient. If reconstruction is to be performed, 
early range of motion should start as early as pos-
sible and weight bearing as best as possible.

Long bone injuries of the femur or tibia also 
pose a difficult problem. A number of studies 
have demonstrated the association with femoral 
and tibial shaft fractures and knee ligament inju-
ries [5, 39]. The primary concern relates to the 
initial stabilization of the long bone injuries as 
part of the initial resuscitation effort and to estab-
lish limb alignment; this is often achieved with an 
intramedullary nail. It is very important that ana-
tomic alignment and rotation are restored as this 
can compound an unstable knee leading to greater 

Fig. 13.11 A lateral radiograph of the left knee demon-
strating a displaced transverse patellar fracture (white 
arrow)
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instability with an alteration in the mechanical 
axis. In addition, the surgeon should be cognizant 
of the need for further soft tissue reconstructive 
procedures in the future and leave sufficient room 
for tunnel placement in the proximal tibia and 
femur. Chahal et al. [40] have established an algo-
rithm for the treatment of multiligamentous inju-
ries in the setting of tibial fractures.

13.5  Surgical Timing, Rationale, 
and Order of Fixation

The timing and sequence of injury fixation in a 
multiple-injured patient can be difficult. The adage 
of life before limb is particularly appropriate in this 
setting, and the patient must be treated in concor-
dance with advanced trauma principles. Equally, 
the fixation of life-threatening skeletal trauma must 
take precedence over knee bony and ligamentous 
injury. A clinical suspicion of associated knee liga-
mentous injury will allow the surgeon to make 
subtle adjustments in the fixation of long bones of 
the lower limb to accommodate delayed recon-
structive procedures as necessary. Complex knee 
injuries may require temporary external fixation to 
stabilize the joint until it can be definitively treated 
or to allow urgent treatments such as wound man-
agement or vascular repair [41].

In general, in patients with bony avulsions [20, 
21] or impaction fractures, the earlier the treat-
ment is performed, the easier it is to achieve an 
anatomical repair or to correct the bony deformity. 
Ideally this should be performed in the first 
2  weeks and incorporate reconstruction proce-
dures, if necessary. This avoids the need for mul-
tiple procedures, allowing healing of the soft tissue 
injury, fracture, and reconstruction at the same 
time and reducing the potential rehabilitation time.

Soft tissue interventions can be considered after 
the patient has been stabilized, and life- threatening 
injuries are managed. Delaying these interventions 
also allows the use of arthroscopic techniques that 
may not be possible earlier due to capsular disrup-
tion and the risk of fluid extravasation. However, the 
surgeon must also consider the risk of waiting too 
long and encountering significant contracture and 
arthrofibrosis that will impair functional recovery.

Fractures involving the weight-bearing por-
tion of the tibial plateau (Schatzker II–VI) should 
be fixed primarily with open reduction internal 
fixation, with reconstruction of the soft tissue 
being delayed. It may be possible to repair col-
lateral ligament soft tissue avulsions at the initial 
surgery. It is important to achieve anatomical 
reduction as best as possible, to ensure future soft 
tissue reconstruction is not disadvantaged by 
subsequent angular deformity.

ba

Fig. 13.12 (a) An anteroposterior pelvic radiograph 
taken in the trauma setting depicting a fracture-disloca-
tion of the left hip that was sustained concurrently with a 
ipsilateral knee dislocation with disruption all major knee 
ligaments and the patella tendon (b). (b) A lateral radio-

graph of the left knee of the same patient depicted in (a) 
of the ipsilateral leg. The radiograph demonstrates a mul-
tiligamentous knee injury with avulsion of the patellar 
tendon (white arrow) and superior migration of the patella 
(yellow arrow). The tibia is also grossly subluxed
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13.6  Conclusion

Fractures associated with knee injury are common. 
They may be broadly classified into soft tissue inju-
ries with associated fractures, fractures with associ-
ated soft tissue injury, and fractures remote to knee 
injury. The treatment of each type of injury pattern 
must be considered in the broader context of the 
patient’s overall condition, as many of these inju-
ries are as a result of high- energy trauma.
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Osteotomy in Chronic Complex 
Ligament Injuries

Davide Edoardo Bonasia, Carola Pilone, 
and Annunziato Amendola

14.1  Introduction and Indications

High tibial osteotomy (HTO) and distal femoral 
osteotomy (DFO) are a valid treatment option for 
young (<60 years of age) and active patients with 
unicompartmental tibiofemoral osteoarthrosis 
(OA) and coronal malalignment [1].

Sometimes medial OA is combined with 
symptomatic anterior cruciate ligament (ACL) 
deficiency, and the surgeon has to address both 
problems. In addition, the natural history of 
chronic ACL tear is cartilage wear of the postero-
medial tibial plateau with progression to varus 
deformity. In the later stages, a slackening of the 
lateral and posterolateral ligamentous structures 
results in a varus thrust (double varus) or varus 
recurvatum thrust (triple varus) [1].

The most common indications for valgus HTO 
and ACL reconstruction/revision include:

• Medial compartment OA (Ahlbäck 
1–3) + varus malalignment + ACL tear (with 
symptomatic anteroposterior instability).

• Medial compartment OA (Ahlbäck 
1–3)  +  varus malalignment + failed ACL 
reconstruction.

• Failed ACL reconstruction due to increased 
tibial slope.

• Double or triple varus and ACL tear (with 
symptomatic anteroposterior instability).

• Varus malalignment + ACL tear + chondral or 
meniscal injuries (requiring cartilage repair or 
meniscal transplant).

The most common indications for isolated 
valgus HTO (with possible delayed ACL recon-
struction) include:

• Long-standing ACL deficiency + double or 
triple varus.

• Long-standing ACL deficiency + varus 
malalignment + symptomatic medial com-
partment OA.

• Long-standing ACL deficiency + double or 
triple varus + symptomatic medial compart-
ment OA.

The results of conservative treatment of poste-
rior cruciate ligament (PCL) tears (mostly grade I 
and II injuries) seem to produce favorable results 
also in the long term. However, in some patients, 
the natural history of chronic PCL tears, mostly 
when combined with posterolateral corner (PLC) 
injuries, entails a progressive degeneration of the 
medial and patellofemoral compartments with 
varus deformity (double or triple varus in the later 
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stages) [2]. The most common indications for iso-
lated valgus HTO (with possible delayed PCL/
PLC reconstruction) include:

• Long-standing PCL/PLC deficiency + double 
or triple varus.

• Long-standing PCL/PLC deficiency + varus 
malalignment + symptomatic medial com-
partment OA.

• Long-standing PCL/PLC deficiency + double 
or triple varus + symptomatic medial compart-
ment OA.

Although the indications are more limited 
compared with valgus osteotomies, also varus- 
producing osteotomies (lateral opening wedge 
DFO, lateral opening wedge HTO, medial clos-
ing wedge HTO) can be indicated in the case of 
complex chronic knee ligament injuries [3]. The 
most common indications for isolated varus oste-
otomies, with concurrent or delayed medial col-
lateral ligament (MCL) reconstruction, include:

• Valgus malalignment + chronic MCL or MCL/
ACL injuries.

• Valgus malalignment + lateral compartment 
arthrosis + chronic MCL or MCL/ACL 
injuries.

• Valgus or valgus hyperextension thrust.

Although the choice between lateral opening 
wedge DFO, lateral opening wedge HTO, and 
medial closing wedge HTO is generally a matter of 
preference of the surgeon, some considerations can 
be made regarding the most appropriate indication. 
In the past, valgus deformity of the knee was gener-
ally attributed to femoral anatomical variants, i.e., 
lateral femoral epicondyle hypoplasia or decreased 
anatomic lateral distal femoral articular angle 
(aLDFA). For this reason, many authors adopted 
DFO as a preferred technique to correct these 
deformities: lateral opening wedge DFO for 
smaller corrections and medial closing wedge DFO 
for larger corrections and patients at high risk of 
nonunion (i.e., smokers). However, recent studies 
have shown that valgus malalignment was attribut-
able to tibial deformity in the majority of patients 
and that a combined femoral- and tibial-based 

deformity was more common than an isolated fem-
oral-based deformity [4, 5]. Therefore, in theory, 
varus osteotomies should be performed at the tibial 
site or as a double-level osteotomy in a relevant 
number of patients to avoid an oblique joint line 
[5]. In addition, DFO unloads the joint only in 
extension, and some authors proposed lateral open-
ing wedge HTO with the goal of unloading the 
joint both in flexion and in extension. Another 
advantage of lateral opening wedge HTO is the 
possibility of changing the tibial slope, and this can 
be particularly useful in the case of valgus hyperex-
tension thrust, in order to limit the recurvatum. 
Disadvantages of lateral opening wedge HTO 
include necessity of proximal tibiofibular joint dis-
ruption (or fibular osteotomy), possibility of cor-
recting only small deformities, and the result of an 
oblique joint line, when preoperative aLDFA is 
markedly decreased (<81°) [3]. In the light of these 
considerations, classifying the valgus deformity 
based on the location of deformity is paramount, 
based on mechanical lateral distal femoral angle 
(mLDFA), mechanical medial proximal tibial 
angle (mMPTA), and joint-line convergence angle 
(JLCA) [5]:

 1. Femoral-based valgus deformity 
(mLDFA > 90°).

 2. Tibial-based valgus deformity 
(mMPTA < 85°).

 3. Femoral- and tibial-based valgus deformity 
(mLDFA>90° and mMPTA<85°).

 4. Intra-articular ligament-based valgus defor-
mity (mLDFA and mMPTA normal, abnormal 
JLCA).

In the setting of HTO performed for complex 
knee instability, managing the tibial slope together 
with the coronal deformity is fundamental. It has 
been shown that increasing the tibial slope:

• Improves PCL deficiency.
• Reduces the recurvatum.

On the other hand, reducing the tibial slope:

• Improves ACL deficiency.
• Reduces the procurvatum.
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Particularly difficult cases are ACL deficient 
(or failed ACL reconstruction) patients with 
recurvatum. In these cases, increasing the tibial 
slope improves the recurvatum but increases the 
stress on the neo-ligament (or worsens the ante-
rior instability, if the ACL is not reconstructed). 
Understanding the main symptoms and identify-
ing possible anatomical variants (i.e., markedly 
decreased tibial slope) are crucial in these 
patients.

14.2  Preoperative Planning

Long leg X-rays with anteroposterior and lat-
eral views are required for the planning. In the 
case of medial OA, HTO is planned with a 
slight valgus overcorrection (3–5°, with the 
mechanical axis passing through a point located 
at 62.5% of the width of the tibial plateau from 
medial to lateral). In the case of HTO per-
formed for knee instability or in varus-produc-
ing osteotomies (both HTO and DFO), a 
correction to a neutral alignment is preferable 
(50% of the tibial plateau). In addition, in the 
case of complex or chronic knee instability, 
part of the deformity is generally intra-articular 
(with abnormal JLCA). Once the knee is 
realigned, the JLCA is generally restored, add-
ing some degrees of correction. This should be 
taken into account in the planning in order to 
avoid overcorrection.

The tibial slope is assessed on lateral views. 
The average normal tibial slope is 10.7° [6].

In the case of concomitant ligamentous recon-
structions, these should be planned and allografts 
ordered, if necessary.

Even though bone block auto- or allograft 
(i.e., bone-patellar-tendon-bone) can be used for 
the ACL or PCL reconstruction/revision, the 
authors recommend soft tissue auto- (i.e., ham-
string) or allograft (i.e., tibialis anterior) in order 
to overcome the possible complication of graft/
tunnel mismatch and allow more flexibility in 
fixation methods around the osteotomy.

In the case of posteromedial (PMC) and pos-
terolateral corner (PLC) reconstruction, soft tis-
sue auto- or allografts are necessary. When still 

available, hamstrings are a good option for both 
procedures, particularly for PMC reconstruction, 
with the advantage of preserving the tibial inser-
tion and avoiding tibial tunnels.

The planning for HTO and DFO is described 
in detail in Figs. 14.1, 14.2, 14.3, and 14.4.

14.3  Surgical Techniques

14.3.1  Patient Positioning

Intravenous antibiotic prophylaxis is adminis-
tered. The patient is positioned supine on a 
radiolucent table, in regional or general anesthe-
sia, with a tourniquet at the proximal thigh. A 
lateral post at the level of the tourniquet is 

a b

Fig. 14.1 (a) Long leg X-rays in AP view: evaluation of 
the mechanical axis (red line from the center of the femo-
ral head to the center of the ankle joint) in a patient with 
failed ACL reconstruction, persistent instability, and 
medial arthritis. (b) Evaluation of the tibial slope on a 
long leg X-ray, lateral view

14 Osteotomy in Chronic Complex Ligament Injuries
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a b

Fig. 14.2 Planning of opening wedge HTO. (a) Opening 
wedge HTO is planned with a line from Y (62.5% or 50%, 
like in this case, of the width of the tibial plateau) to the 
center of the femoral head and another line connecting Y 
with the center of the ankle joint. The angle between these 
two lines represents the angle of correction (α). The oste-
otomy line (ab) is defined from medial (around 4  cm 

below the joint line) to lateral (around 1 cm below the lat-
eral joint line). This measurement is transferred to both 
rays (YB and YC) of the α angle from the vertex Y. The 
segment BC is equal to the opening of the osteotomy and 
the size of the tooth of the spacer plate. (b) Measurement 
of the joint-line convergence angle (JLCA)

placed. Positioning should allow for knee hyper-
flexion, if concurrent ACL reconstruction/revi-
sion is planned.

14.3.2  Arthroscopy and Knee 
Evaluation

Arthroscopy is performed through standard 
anteromedial (AM) and anterolateral (AL) por-
tals. A complete knee evaluation is performed 
and concomitant meniscal and chondral injuries 
are treated. When concomitant ACL or PCL 
reconstruction is planned, preparation of tibial 
and femoral footprints is performed. If autolo-
gous graft harvesting is required, this is per-
formed at this point of the procedure.

14.3.2.1  Medial Opening Wedge High 
Tibial Osteotomy

A 6  cm longitudinal incision is made on the 
anteromedial tibia (Fig.  14.5), starting 2  cm 
below the joint line and prolonged distally (mid-

way between the tibial tubercle and the postero-
medial tibial crest). The sartorial fascia is incised 
and the pes anserinus detached distally. The dis-
tal insertion of the superficial medial collateral 
ligament is partially detached. A Hohman retrac-
tor is positioned on the posteromedial tibia in 
order to improve visualization and protect the 
neurovascular structures (Fig. 14.5). The patellar 
tendon is identified and protected throughout the 
whole procedure.

A guide wire is positioned under fluoro-
scopic guidance from medial to lateral and from 
distal to proximal, starting around 4 cm below 
the medial joint line, aiming at the tip of the 
peroneal head (around 1  cm below the lateral 
joint line). The distal insertion of the superficial 
medial collateral ligament is partially detached 
(Fig. 14.5). The patellar tendon and the poste-
rior neurovascular structures are protected with 
blunt retractors throughout the whole proce-
dure. A 3-cm-wide, thin oscillating saw is used 
to cut the medial, anterior, and posteromedial 
cortices distal to the guide wire (Fig. 14.5). The 
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osteotomy should be parallel to the tibial slope 
(with 10° of anteroposterior inclination). Wide 
thin osteotomes are used to complete the oste-
otomy, preserving a lateral cortical hinge 
(Fig.  14.5). With this goal, the blade of the 
osteotome should be advanced up to around 
1 cm from the lateral tibial cortex; this distance 
should be less than the distance from the lateral 
joint line and the blade of the osteotome, in 
order to avoid intra-articular migration of the 
osteotomy. The mobility of the osteotomy is 
checked with a gentle valgus force or by pulling 
the handle of the last osteotome distally. If the 
osteotomy does not open, the surgeon should 
verify that the cut of the anterior and posterior 
cortices is complete. Graduated osteotomy 

wedges are then inserted up to the planned 
opening (Fig. 14.6). In this phase, the surgeon 
can vary the tibial slope by inserting the wedges 
in a more anterior position (increased tibial 
slope, for PCL deficient knees) or posterior 
position (decreased tibial slope, for ACL defi-
cient knees) [7]. With fluoroscopy, a long align-
ment rod is placed from the center of the femoral 
head to the center of the ankle in order to check 
the mechanical axis at the level of the knee 
(Fig.  14.6). In the case of an increased JLCA, 
some authors suggested evaluating the align-
ment with a force under the foot (simulating a 
weight-bearing condition), in order to avoid 
overcorrection. When the desired alignment is 
achieved, fixation can be performed. The 

a bFig. 14.3 (a) 
Preoperative long leg AP 
view of a patient with 
valgus recurvatum 
thrust. The mechanical 
axis (red line) shows the 
valgus alignment. (b) 
Preoperative lateral view 
of the same patients, 
showing the significant 
recurvatum deformity

14 Osteotomy in Chronic Complex Ligament Injuries



166

a bFig. 14.4 (a) Planning 
of lateral opening wedge 
DFO (see legend of 
Fig. 14.2). In this type of 
surgery, no 
overcorrection should be 
achieved (50% of the 
tibial plateau width). (b) 
Planning of medial 
closing wedge 
DFO. The measurement 
of the angle of 
correction is as 
described before. The 
wedge to be removed 
medially should be an 
isosceles triangle with 
the base flush to the 
medial cortex. This 
avoids overlapping of 
the proximal and distal 
cortices after wedge 
removal

a

c d

b

Fig. 14.5 Surgical technique for medial opening wedge 
HTO. (a) A 6  cm longitudinal incision is made on the 
anteromedial tibia, starting 2 cm below the joint line and 
prolonged distally. The pes anserinus is detached distally, 
and the distal insertion of the superficial medial collateral 
ligament is partially detached. A Hohman retractor is posi-
tioned on the posteromedial tibia. (b) The patellar tendon is 
identified and protected throughout the whole procedure. A 
guide wire is positioned under fluoroscopic guidance from 

medial to lateral and from distal to proximal, starting 
around 4 cm below the medial joint line, aiming at the tip of 
the peroneal head (around 1 cm below the lateral joint line). 
(c) A thin oscillating saw is used to cut the medial, anterior, 
and posteromedial cortices distal to the guide wire. The 
osteotomy should be parallel to the tibial slope (with 10° of 
anteroposterior inclination). (d) Wide thin osteotomes are 
used to complete the osteotomy, preserving a lateral corti-
cal hinge, under fluoroscopic guidance (panel)
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authors’ preferred fixation device is a short 
locking spacer plate (Figs. 14.6 and 14.7).

Also the position of the plate can determine the 
tibial slope correction. With a plate positioned pos-
teriorly, the tibial slope is generally decreased, with 
the result of improved stability in ACL deficient 
knees or protection of the ACL graft from exces-
sive tension. In the case of PCL deficient knees, the 
slope should be increased and the plate positioned 
anteriorly. When using short-tapered spacer plates 
in this scenario, these can be placed upside down 
(with the larger part of the taper anteriorly).

14.3.2.2  Lateral Closing Wedge High 
Tibial Osteotomy

An anterolateral inverted L-shaped incision is 
performed, with the vertical portion of the inci-
sion running along the lateral edge of the tibial 

tubercle and the horizontal portion running par-
allel to the lateral joint line (1 cm distal). The 
fascia of the anterior compartment is incised 
along the anterolateral crest of the tibia. A Cobb 
elevator is used to elevate the tibialis anterior 
muscle and the inferior portion of the iliotibial 
band from Gerdy’s tubercle proximally. 
Dissection and protection of the common pero-
neal nerve throughout the procedure is not man-
datory, since the osteotomy is proximal to it, but 
the nerve can be exposed based on the surgeon’s 
preference. Many techniques have been 
described for addressing the proximal tibiofibu-
lar joint, including (1) joint excision or disrup-
tion, (2) fibular osteotomy (10  cm distal from 
the fibular head), and (3) excision of the fibular 
head. The lateral edge of the patellar tendon 
is identified and protected with a retractor. 

a

c d

b

Fig. 14.6 (a) The completion and mobility of the osteot-
omy is checked with a gentle valgus force or by pulling 
the handle of the last osteotome distally. This is done 
under fluoroscopic guidance (panel). (b) Once the anterior 
and posterior cortices have been adequately cut, the open-
ing of the osteotomy can be facilitated by piling three 
osteotomes. (c) Graduated osteotomy wedges are then 

inserted up to the planned opening. With fluoroscopy, a 
long alignment rod is placed from the center of the femo-
ral head to the center of the ankle in order to check the 
mechanical axis at the level of the knee. (d) When the 
desired alignment is achieved, plating can be performed. 
In this case, a short locking spacer plate is used
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A second retractor is positioned on the postero-
lateral tibial edge to protect the neurovascular 
structures. A laterally based wedge is removed 
with an angular cutting guide. The base of the 
wedge should be 2–3  mm smaller than the 
planned osteotomy. During closure of the oste-
otomy, this will allow the distal cortex of the 
proximal fragment to overlap the proximal cor-
tex of the distal fragment, without the risk of 
overcorrection.

To reduce the risk of intra-articular fracture, 
the outer cortex and a large portion of the 
wedge can be removed with saw cuts, using a 
combination of curettes, rongeurs, and osteo-
tomes, to within 1 cm of the medial cortex. The 
completeness of wedge removal is assessed 
fluoroscopically. The osteotomy is closed, and 
alignment is checked under fluoroscopy. 
Fixation can be achieved with step staples 
driven from lateral to medial just anterior to 
the fibula. More rigid fixation can be achieved 
with laterally applied contoured T-plates or 
locking plates.

With a lateral closing wedge HTO, controlling 
the tibial slope is more difficult than with open-

ing wedge HTO. Closing wedge HTOs generally 
result in a decreased tibial slope and therefore, in 
our point of view, should be contraindicated in 
PCL deficient knees [8].

14.3.2.3  Lateral Opening Wedge 
Distal Femoral Osteotomy

A 10–15 cm longitudinal lateral distal femoral 
incision is started 2  cm distal to the lateral 
 femoral epicondyle and prolonged proximally 
(Fig.  14.8). The iliotibial band is split and the 
vastus lateralis is retracted anteriorly from the 
intermuscular septum using a curve blunt retrac-
tor. The bone is better exposed with a slight 
knee flexion (Fig.  14.8). Under fluoroscopic 
control, a guide wire is inserted in the middle of 
the lateral femur, with a cranio-caudal inclina-
tion of 20°, from lateral (6–7 cm above the joint 
line) to medial (4–5  cm above the joint line). 
The exposed cortex is cut with a small oscillat-
ing saw above the guide wire (Fig. 14.8). Sharp 
and thin osteotomes are then used to complete 
the osteotomy to within 1 cm from the medial 
cortex, under fluoroscopic guidance (Fig. 14.9). 
The site of osteotomy at this point is opened 

a bFig. 14.7 (a) AP 
postoperative view after 
combined HTO and 
ACL reconstruction. (b) 
Lateral view of the same 
case
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with a wedge opener to the desired correction. 
Fluoroscopy and alignment rod are used to 
assess the limb correction, as previously 
described (Fig.  14.9). A distal femoral spacer 

plate (regular or locked) is then used for fixation 
under image intensifier (Fig. 14.9). Bone graft-
ing or bone substitutes are used to fill the gap [8] 
(Fig. 14.10).

a

c d

b

Fig. 14.8 Surgical technique for lateral opening wedge 
DFO. (a) A 10–15 cm longitudinal lateral distal femoral 
incision is started 2 cm distal to the lateral femoral epicon-
dyle and prolonged proximally. (b) The iliotibial band is 
split, and the vastus lateralis is retracted anteriorly from 
the intermuscular septum using a curve blunt retractor. (c) 

Under fluoroscopic guidance (panel), a guide wire is 
inserted in the middle of the lateral femur, with a cranio- 
caudal inclination of 20°, from lateral (6–7 cm above the 
joint line) to medial (4–5 cm above the joint line). (d) The 
exposed cortex is cut with a small oscillating saw 
above the guide wire

a b c

Fig. 14.9 (a) Sharp, thin osteotomes are then used to 
complete the osteotomy to within 1 cm from the medial 
cortex, under fluoroscopic guidance (panel). (b) The site 
of osteotomy at this point is opened with a wedge opener 

to the desired correction. Fluoroscopy and alignment rod 
are used to assess the limb correction (panel). (c) Plating 
can then be performed. In this case a distal femoral spacer 
plate (locked) was used
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14.3.2.4  Lateral Opening Wedge 
Proximal Tibial Osteotomy

A 6–8  cm anterolateral longitudinal incision is 
made lateral to the tibial tuberosity, extending 
distally from Gerdy’s tubercle. Full-thickness 
skin flaps are created, and the fascia is then 
incised in line with the skin incision and the ante-
rior compartment muscles elevated off the tibia 
and retracted posteriorly. The capsule of the 
proximal tibiofibular joint is incised anteriorly. 
No further disruption of this joint is usually 
required, as the desired osteotomy can usually be 
achieved after the capsulotomy. The patellar ten-
don is elevated, and in some cases, the release of 
the most proximal fibers at the insertion facili-
tates its mobilization. Posteriorly, the soft tissues 
are elevated carefully away from the tibia with a 
Cobb elevator. Retractors are passed along the 
posterior tibial cortex and beneath the patellar 
tendon to protect the posterior neurovascular 
structures and the patellar tendon, respectively.

The osteotomy is then performed in accor-
dance with the surgical technique described for 
each implant. In all cases, a guide pin is inserted 
under fluoroscopic guidance along the line of 

the proposed osteotomy. The tip of this guide 
pin is positioned 1.5–2.0 cm below the level of 
the tibial articular surface and 1–1.5  cm from 
the medial tibial cortex. With fluoroscopy, the 
osteotomy is started with a micro-sagittal saw 
below the guide pin and completed with flexible 
and then solid osteotomes. The osteotomes are 
introduced parallel to the tibial slope. A spread-
ing osteotome followed by a triangular wedge is 
introduced into the osteotomy site and distrac-
tion performed to the templated distance. The 
chosen plate is then applied and fixed according 
to the manufacturers’ guidelines. The cancel-
lous allograft bone is packed into the osteotomy 
site at the discretion of the surgeon. Fluoroscopy 
confirmed both the position of the plate and the 
osteotomy correction [3].

14.3.2.5  Medial Closing Wedge Distal 
Femoral Osteotomy

A longitudinal 10–15 cm anteromedial incision is 
performed on the distal femur. The fascia over 
the vastus medialis muscle is incised, and the 
muscle is separated from the intermuscular sep-
tum and retracted anteriorly.

a bFig. 14.10 (a) 
Postoperative X-ray AP 
view of the same patient 
described in Fig. 14.3, 
after lateral opening 
wedge DFO and medial 
collateral ligament 
reconstruction with 
autologous hamstrings. 
(b) Lateral view of the 
same case
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When using a 90° blade plate, a guide wire is 
inserted parallel to the joint line. A slot for a 
blade plate is then prepared parallel to the guide 
wire, and an osteotomy is made about 2–3 cm 
proximal to the slot. The medial cortex and 
large portion of the wedge can be removed with 
saw cuts, along with the medial half using a 
combination of curettes, rongeurs, and osteo-
tomes, to within 1 cm of the lateral cortex. The 
90° angle blade plate is inserted in the prepared 
slot. Manual varus reduction is performed, 
allowing the medial spike of the proximal part 
to dig into the distal cancellous bone. The rigid 
fixation is achieved with the anatomic knee axis 
of 0°, after fluoroscopic assessment of the cor-
rection [8].

Since blade plates are currently hard to find in 
some countries’ markets, locking plates can be 
used alternatively. In this case, the osteotomy 
wedge to be removed should be as much as pos-
sible an isosceles triangle. After osteotomy clo-
sure, this avoids significant overlapping of the 
cortices (proximal and distal to the osteotomy) 
and results in a better fit of the plate on the medial 
bone.

14.3.3  Postoperative Regimen

Immediate full range of motion exercises are 
allowed. The patient is kept partially weight bear-
ing in a hinged knee brace for 6  weeks. At 
6 weeks, after radiographic confirmation of bone 
healing, weight bearing is allowed, the brace is 
discontinued, and the rehabilitation protocol pro-
ceeds as in standard ligament reconstruction (if 
performed concurrently). The postoperative regi-
men may vary according to the fixation device 
used, the amount of opening required, and possi-
ble concomitant procedures on the cartilage, liga-
ments, and menisci.

14.4  Discussion

Osteotomies around the knee are rarely indicated 
to treat knee instability in the acute setting, unless 
significant deformities are present at the moment 

of ligament reconstruction. Both coronal and sag-
ittal planes should be evaluated to rule out possi-
ble preexisting malalignment.

On the other hand, in the chronic setting, oste-
otomies are essential in treating knee instability, 
as an isolated procedure or combined with liga-
mentous reconstruction. Chronic instabilities 
treated with ligament reconstruction in a 
malaligned knee are likely to fail if realignment 
is not performed in advance or concurrently.

Compared to osteotomies performed for uni-
compartmental arthritis, when performing HTO 
and DFO for instability, the surgeon should take 
into account many more aspects:

• Tibial slope: The role of the tibial slope in 
anterior and posterior knee stability has been 
shown to be essential. In addition, abnormal 
tibial slope has shown to be correlated with a 
higher risk of re-rupture after ACL or PCL 
reconstruction. Finally, modifying the tibial 
slope is sometimes the only mean to correct 
excessive procurvatum or recurvatum defor-
mities around the knee.

• Location of the deformity (femoral-based, 
tibial-based, combined, or intra-articular) can 
determine the choice between a procedure and 
another.

• JLCA: An abnormal JLCA contributes to the 
final amount of deformity. After realignment, 
this angle generally goes back almost to nor-
mal. When preoperative planning and intraop-
erative fluoroscopic evaluations are made 
without taking into account an abnormal 
JLCA, overcorrecting the knee becomes a 
risk.

• Unless a significant unicompartmental arthri-
tis is present, generally correction to neutral 
alignment (no overcorrection) is indicated in 
osteotomies for knee instability.
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Complex Knee Injuries in Young 
Patients

Pablo Rainaudi, Jorge Batista, 
and Rodrigo Maestu

Knee dislocation is an infrequent pathology, but 
its prevalence is believed to be underestimated 
owing to the absence of a diagnosis and also to the 
fact that in many cases they reduce spontaneously 
[1]. This prevalence has been increasing in later 
years due to a better understanding of the lesion 
and the advance in imaging diagnostic techniques 
[2]. Most of them are high-energy lesions which 
occur most frequently in traffic accidents and 
sports trauma. They might cause important articu-
lar damage with sequelae such as stiffness and 
multidirectional instability, but the associated 
neurovascular lesions are the most serious ones as 
they can end up in limb amputation.

In the case of dislocations that get to the shock 
room with no reduction, the diagnosis is evident. 
But in those cases in which there is a spontaneous 
reduction, there should be a high level of suspi-
cion so as not to misdiagnose it.

The delay in the recognition of this lesion 
brings about a delay in diagnosing the most seri-

ous complication, which happens to be an arterial 
lesion with devastating consequences.

15.1  Conduct

These patients generally present a polytraumatic 
picture. Once the dislocation is reduced, a thor-
ough neurovascular examination should be car-
ried out. In those patients with no signs of 
vascular involvement, it is important to perform 
an evolution control with a regulated neurovascu-
lar examination, since very subtle damages to the 
popliteal artery may occur at later stages. In these 
cases the ankle/arm index might be very useful to 
control vascular status. If the patient requires CT 
studies, an angio CT of the popliteal artery can be 
performed. If there should be absence of pulse or 
if the latter diminishes along the studies, we indi-
cate an arteriography.

When there is an imminent arterial lesion, a 
prompt surgical exploration is indicated with a 
multidisciplinary team [3].

Other possible lesions associated to knee dis-
location are neurological lesions. It has been 
estimated that they are found in 10 and in 40% of 
cases, and the common peroneal nerve and pop-
liteal sciatic nerve are the most commonly 
affected [4].

The neurological damage may be of variable 
seriousness, with partial or total functional recov-
ery with rehabilitation, or it might be a complete 
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lesion which will require the transfer of the pos-
terior tibial tendon to improve ankle functionality 
and hence walking ability.

Once the most serious complications are ruled 
out, and the patient is clinically stabilized, we 
focus on the knee. We carry out a thorough soft 
tissue, morbidity range, varus-valgus deformities 
and articular stability physical examination. 
Certainly, by this moment, we already have 
X-rays taken that rule out bone lesions and pos-
sibly CTs as well. Indicating an MRI is funda-
mental so as to allow us to see important details 
of the meniscal, ligament and capsular lesions.

15.2  Classification

To approach the treatment of knee dislocation, 
we base ourselves on the anatomic classification 
described by Robert Schenck [5].

Lesion
KD I Knee dislocation with ACL or intact PCL and 

variable involvement of collateral ligaments
KD II Both cruciate ligaments injured, with intact 

collaterals
KD III Both cruciate ligaments injured + one of the 

collaterals as well. M or L
KD IV Both cruciate ligaments and both collaterals 

injured
KD V Knee dislocation + peri articular fracture

There are specific indications for urgent sur-
gery in the following cases [6]:

 1. Irreducible dislocation.
 2. Compartment syndrome.
 3. Popliteal artery lesion.
 4. Exposed dislocations.

Once the urgency has been treated, there are 
different treatments to apply according to the 
time elapsed since the injury occurred: during the 
acute period (before the 3 weeks), during the 
chronic stage or to plan a treatment in steps.

There are controversies concerning the opti-
mal moment for surgery. Some authors conclude 
that treatment in the acute stage is the one that 
gets better results [7]. Other authors indicate that 
there is no difference, in long-term results, in 
patients treated in the acute or chronic stage [8].

And lastly, some authors propose that the best 
results are achieved approaching treatment for 
knee dislocation in stages [9].

We do believe that it is very important to evalu-
ate each particular patient and to make individual 
decisions according to several factors. The presence 
of a vascular lesion, of associated lesions that 
require a priority approach; the status of soft tissues; 
the inflammatory process; and articular mobility are 
parameters that we really have to keep in mind at 
the moment of deciding the time for surgery as well 
as the techniques to be applied. We do obtain the 
best results performing surgical treatment as soon 
as possible. When we are able to perform the sur-
gery in the acute period, we opt for performing a 
repair plus reconstruction with an allo- or autograft 
of the ligament structures involved.

We rarely do just repair since, coinciding with 
most published papers, the rate of residual laxity 
is high. That is the reason why we always associ-
ate it to the reconstruction.

When we approach treatment in the chronic 
stage, healing of the tissues makes it difficult to 
identify anatomical structures.

15.2.1  KD I

This type of dislocations is normally produced 
due to low-energy mechanisms, and they can 
very well be sports trauma. In such cases, there is 
a lesion of one of either cruciate ligaments and a 
variable involvement of one of the collateral liga-
ments. These patients usually present unidirec-
tional instability which can be anterior or 
posterior. There might be a generally partial 
affectation of the medial collateral ligament. 
Depending on the medial collateral ligament 
involvement, we can indicate immobilization for 
4 or 6 weeks to favour its healing process, to 
avoid residual laxity and to improve the inflam-
matory process of the joint. If one of the collat-
eral ligaments is to be reconstructed, the surgery 
is carried out at the same time of the cruciate liga-
ment reconstruction. The surgical techniques will 
be described ahead in this chapter.

Then we proceed to the ACL or PCL recon-
struction according to the case. For this recon-
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struction, we can use bone–tendon-bone autograft 
(BTB) or semitendinosus gracilis autograft (ham-
string tendon (HT)) or allograft (anterior tibial or 
Achilles).

We use anatomic reconstruction techniques 
either for ACL or PCL, respecting as much as 
possible anatomic ligament insertion footprints 
(Fig. 15.1 (a–d)).

In the post-op period, we do not use immobi-
lizers for ACL reconstruction, but in PCL we do 
immobilize the knee for 6 weeks with posterior 
enhancement at the height of the calf to protect 
reconstruction, and then we indicate a knee brace 
for 3 months. For ACL, regarding partial weight 
bearing on crutches, the patient uses it according 

to their tolerance. And for PCL, they use them for 
6 weeks. For collateral reconstruction we immo-
bilize the knee and indicate weight bearing on 
crutches for 6 weeks. The patient starts with 
assisted passive mobility and physical and kinetic 
therapy from the second post-op day.

15.2.2  KD II

In this type of lesions, both cruciate ligaments 
are injured, and there is indemnity of both col-
lateral ligaments. It is a rare lesion which usually 
occurs due to a hyperextension mechanism of 
the knee. Once mobility range of the knee is 

a

c d

b

Fig. 15.1 (a) ACL reconstruction femoral view. (b) ACL reconstruction tibial view. (c) PCL reconstruction femoral 
view. (d) PCL reconstruction tibial view
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recovered and joint swelling improved during 
the first days, we indicate reconstruction of both 
cruciate ligaments in one time. If we have the 
possibility to use allograft, we would rather use 
it since it diminishes knee morbidity and allows 
a faster rehabilitation and mobility range recov-
ery. In these cases, we use anterior tibial or 
Achilles to reconstruct PCL and anterior tibial or 
BTB to reconstruct ACL.

In those cases in which it is not possible to 
use allograft, we resort to HT for PCL recon-
struction and BTB for ACL reconstruction. We 
obtain both of them through the same medial 
anterior incision over the patellar tendon, slightly 
extended to distal, so as to be able to have access 
to the goose- leg insertion.

We start reconstruction from posterior to ante-
rior: first, PCL femoral tunnel and ACL femoral 
tunnel then PCL tibial tunnel and then the ACL 
tibial one. Concerning graft passing, first we 
place the PCL graft and fix it proximal, and sec-
ond we place ACL graft and fix it proximal too. 
The next step is to fix PCL, in 70–90°, distally. 
Finally we fix ACL, 0–10°, distally. The post-op 
is similar to PCL post-op.

15.2.3  KD III

In this type of dislocation, there is a lesion in both 
cruciate ligaments and in one of the collateral 
ligaments. Therefore, there are two subtypes: 
lesion of both cruciate ligaments + lesion of the 
MCL (KD III M) and lesion of both cruciate liga-
ments + lesion of the LCL (KDM III L). It is one 
of the most frequent types of knee dislocations.

These are patients that present an important 
anterior and posterior instability plus medial or 
lateral instability depending upon the affected 
collateral ligament.

15.2.4  KD III (M)

In this subtype, besides the lesion of both cruci-
ate ligaments, there is a medial collateral liga-
ment lesion as well. There is an anterior, posterior, 
medial or posteromedial instability. Our approach 

consists in the reconstruction of the three liga-
ments in only one time. We would rather use 
allograft not to add morbidity to the knee. We use 
anterior tibial tendon or semitendinosus for the 
reconstruction of MCL, anterior tibial tendon or 
Achilles’ tendon for PCL reconstruction and 
anterior tibial or bone-patellar tendon-bone for 
ACL reconstruction. We always use anatomic 
reconstruction techniques; we do prefer the tech-
nique described by R. LaPrade for the case of 
medial collateral ligament lesion [10].

When instability is only medial, we recon-
struct the superficial band of the MCL. We make 
tunnels on the anatomic bone footprints, and for 
fixation we use interferential screws. We perform 
this fixation in neutral rotation and in 30° of knee 
flexion (Fig. 15.2).

When there is a posteromedial corner (PMC) 
lesion, or on physical exam, we detect a medial 
instability in full extension; we carry out the pos-
terior oblique ligament (POL) reconstruction, as 
LaPrade describes. This reconstruction is fixed in 
full knee extension (Fig. 15.3).

Fig. 15.2 Superficial band MCL reconstruction
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15.2.5  KD III (L)

In these cases, there is a lesion in both cruciate 
ligaments plus in the lateral side of the knee. The 
instability found is anterior, posterior and lateral 
or posterolateral. Like with the anterior type, we 
would rather perform the approach of all lesions 
in one time.

When, besides the lesion in both cruciate liga-
ments, we are faced with lateral instability, we 
use the technique described by Larson or Arciero 
to reconstruct the lateral collateral ligament [11, 
12] (Fig. 15.4).

In those cases when instability is posterolat-
eral, we prefer the anatomic reconstruction tech-
nique described by LaPrade (Fig.  15.5), even 
though there are papers that indicate the same 
rate of good results comparing it to Larson or 
Arciero’s techniques [13].

15.2.6  KD IV

In these cases, there is a complete disruption of 
the four main ligament structures of the knee. 
Both cruciate ligaments and both collateral liga-
ments are injured. In most cases, these lesions are 
caused by high-energy traffic accidents. We have 
to take into account several aspects when plan-
ning the surgical strategy in these patients. The 
general condition of patients and their associated 
lesions are factors that are going to condition us 

for the surgery. These patients usually present 
skull, chest or abdomen trauma of variable seri-
ousness, and they demand priority. Likewise, 
vascular knee lesions due to the dislocation itself 
may delay the moment for surgery. The status of 
soft tissues and the inflammatory process are also 
conditioning factors to keep in mind.

Once the above-mentioned factors are solved, 
we have to plan the procedure to be performed.

Fig. 15.3 Superficial band MCL and POL reconstruction Fig. 15.4 Lateral knee Larson reconstruction

Fig. 15.5 Posterolateral knee LaPrade reconstruction
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The surgeons’ experience is highly impor-
tant. This can determine whether the procedure 
will be performed in one time or in stages to 
minimize the risks of ischemia of the thigh 
tourniquet. The availability of an allograft is 
crucial to minimize surgery morbidity. In case 
there is not one  available, what can be consid-
ered is the use of an autograft from the contra-
lateral knee.

Our conduct, whenever possible, is to plan just 
one surgical moment for the reconstruction of all 
lesioned structures. If we can use an allograft, our 
tendency is to apply one from the anterior tibial 
tendon or from Achilles tendon for PCL recon-
struction, from anterior tibial or BTB for ACL 
reconstruction, anterior tibial or semitendinosus 
for medial structures and anterior tibial or 
Achilles for lateral structures.

Another option we draw upon is to handle 
both types of graft: allograft and autograft. In 
these cases, we employ allograft to reconstruct 
extra-articular structures (MCL; LCL) and auto-
graft for the intra-articular ones (ACL; PCL). The 
techniques we use are the same ones which were 
previously described.

We indicate immobilization for 6 weeks, with 
crutches and partial weight bearing, and then 
knee brace for 3 months. The patient begins with 
active and passive mobility as from the second 
day post-op.

15.2.7  KD V

In these dislocations, a periarticular fracture is 
associated. The philosophy for their ligament 
approach does not vary from the anterior types, 
and the same premises are to be followed to plan 
the treatment strategy. But in these cases, the 
reduction and fixation of the associated fracture 
are added to allow for a rapid mobilization and 
rehabilitation of the articulation. Should it be 
impossible to resolve all lesions in only one sur-
gical act, we have to take into account the possi-
bility of proposing a treatment in stages, and it is 
in the first stage when the fracture must be 
resolved.

15.3  Conclusion

Knee dislocations in young patients are quite infre-
quent, and if they are not treated in time and cor-
rectly, they can have devastating consequences.

An accurate initial diagnosis is highly impor-
tant. To achieve this, we must have an important 
rate of suspicion, bearing in mind that there are  
high number of cases that present already are 
spontaneously reduced.

We must always suspect a knee dislocation in 
those multiligament lesions or with important 
multidirectional instability.

The initial physical examination must be thor-
ough so as not to misdiagnose a neurovascular 
lesion of extremely serious consequences. Currently, 
it has been demonstrated that surgical resolution of 
these lesions within the first 3 weeks leads to better 
results. It has also been demonstrated that the ana-
tomic reconstruction of the injured structures versus 
their repair gets better results as well.

The availability of an allograft is relevant 
since it lowers morbidity and surgical time. Also, 
the surgeon’s experience in the treatment of this 
type of lesions is crucial in the final results.
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Knee Dislocation in Athletes

Paul Herickhoff and Marc Safran

16.1  Introduction

Tibiofemoral dislocation is an uncommon but 
devastating injury to athletes. Less than 0.02% of 
all musculoskeletal injuries are knee dislocations 
[1]. In high school athletes, the knee represents 
16% of all dislocated joints [2]. Three of the four 
major ligaments of the knee are typically injured, 
and there is often concomitant vascular or nerve 
injury or fracture [3]. Due to the potentially limb- 
threatening nature of this injury, knee dislocation 
represents a true orthopedic emergency, requiring 
expeditious evaluation and treatment [4].

Historically, treatment was primarily limited 
to closed reduction and casting or cast-brace 
immobilization. However, with the advent of bet-
ter instrumentation, an improved understanding 
of the anatomy of the knee, and new reconstruc-
tion techniques, combined anterior and posterior 
cruciate ligament(ACL/PCL) tears with medial 
and/or lateral collateral ligament(MCL/LCL) 
disruption in the athlete is almost always man-
aged surgically [5]. Due to the relative infre-
quency of these injuries, and the heterogeneity of 

injury patterns, there is little conclusive, high- 
level, scientific evidence to guide management. 
The purpose of this chapter is to review relevant 
knee anatomy, classification systems, mecha-
nisms of injury, evaluation, treatment, rehabilita-
tion, and outcomes of knee dislocations in 
athletes.

16.1.1  Anatomy

The anterior and posterior cruciate ligaments 
(ACL and PCL) and medial and lateral collateral 
ligaments (MCL and LCL) are the primary liga-
mentous stabilizers of the knee. The ACL is com-
posed of two functional bundles, named 
anteromedial (AM) and posterolateral (PL), for 
their tibial attachment sites. For single-bundle 
ACL reconstruction (the recommended treatment 
for of ACL tears resulting from knee dislocation), 
the centerpoint of the ACL tibial footprint is 
located 15 mm anterior to the PCL and two-fifths 
of the medial-lateral interspinous distance [6]. 
The centerpoint of ACL femoral footprint is 
24.8% of the proximal to distal distance mea-
sured from the proximal femoral cortex and 
28.5% of the anterior to posterior distance, mea-
sured from the top of the notch [7].

The PCL is comprised of the anterolateral 
(AL) and posteromedial (PM) bundles, also 
named for their tibial attachments. For non- 
repairable PCL tears resulting from knee 

P. Herickhoff 
Department of Orthopaedic Surgery, Pennsylvania 
State University, State College, PA, USA
e-mail: pherickhoff@pennstatehealth.psu.edu 

M. Safran (*) 
Department of Orthopaedic Surgery, Stanford 
University, Redwood City, CA, USA
e-mail: Msafran@Stanford.edu

16

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-58245-9_16&domain=pdf
mailto:pherickhoff@pennstatehealth.psu.edu
mailto:Msafran@Stanford.edu


182

 dislocation, single-bundle reconstruction is 
also the recommended treatment. The center-
point of the PCL tibial footprint is 7.4 mm ante-
rior to the posterior tibial cortex or “champagne 
drop off” point and one-third of the medial to 
lateral distance between the medial groove and 
lateral cartilage point of the lateral tibial pla-
teau. The centerpoint of the AL bundle is typi-
cally the chosen site for the femoral tunnel in 
single-bundle PCL reconstruction since its 
cross-sectional area is twice that of the PM 
bundle. The center of the AL bundle on the 
femur is 7.9 mm proximal to the distal articular 
cartilage and 7.4 mm posterior from the troch-
lear point, where the cartilage turns medially at 
the roof of the intercondylar notch [8].

The MCL of the knee has superficial and 
deep components. The superficial MCL femoral 
attachment is found in a depression 3.2  mm 
proximal and 4.8  mm posterior to the medial 
epicondyle. The superficial MCL has two dis-
tinct tibial attachments. The proximal attach-
ment is to the semimembranosus anterior arm, 
while the distal attachment is broad-based, lies 
anterior to the posteromedial crest of the tibia, 
and forms the floor of the pes anserine bursa, 
approximately 6 cm distal to the joint line. The 
deep MCL is a thickening of the medial joint 
capsule parallel to the anterior border of the 
superficial MCL. The deep MCL consists of dis-
tinct meniscofemoral and meniscotibial attach-
ments. The posterior oblique ligament is the 
main structure of the posteromedial corner of 
the knee. The central arm of the posterior 
oblique ligament originates from the distal 
aspect of the main semimembranosus and 
attaches to the femur 1.4 mm distal and 2.9 mm 
anterior to the gastrocnemius tubercle [9].

The LCL attaches to the femur 1.4 mm proxi-
mal and 3.1 mm posterior to the lateral femoral 
epicondyle. The fibular attachment of the LCL 
lies 8.2 mm posterior to the anterior border of the 
fibular head and 28.4 mm distal to the tip of the 
fibular styloid process. The LCL is one of several 
structures comprising the posterolateral corner of 
the knee, which includes important secondary 
stabilizers of the knee, namely, the popliteus and 
popliteofibular ligament. The popliteus tendon 

inserts into the femur 18.5 mm distal and anterior 
to the LCL femoral attachment. The popliteofibu-
lar ligament is composed of two bundles which 
attach 1.6 and 2.8 mm from the tip of the fibular 
styloid process, respectively [10]. Finally, the 
medial and lateral menisci, anterolateral capsule/
ligament, and posterior capsule of the knee all 
provide secondary stabilization of the knee [11].

The popliteal artery is an “end artery” to the 
leg, with minimal collateral circulation through 
the superior and inferior genicular branches. It 
travels through the popliteal fossa, just posterior 
to the PCL and posterior horn of the lateral 
meniscus, and is the closest neurovascular struc-
ture to the knee. The distance between the popli-
teal artery and PCL increases from 5.4 mm with 
the knee in full extension to 9.3  mm with the 
knee at 100° of flexion [12]. The popliteal artery 
and vein are tethered proximally at the adductor 
hiatus, or Hunter’s canal, and distally at the 
soleus arch, which increases their risk of injury 
with knee dislocation.

The sciatic nerve branches into the tibial and 
peroneal nerves in the popliteal fossa. The pero-
neal nerve travels laterally around the neck of the 
fibula and has less excursion than the tibial nerve, 
placing it at increased risk of injury with knee 
dislocation, particularly varus injury patterns 
[13]. Kadiyala and colleagues also demonstrated 
the precarious blood supply of the common pero-
neal nerve caused by its lack of intraneural ves-
sels in the region of the fibular neck [14].

16.1.2  Classification

Historically, Kennedy classified knee disloca-
tions into five types (anterior, posterior, medial, 
lateral, and rotatory) based on the direction of 
dislocation of the tibia relative to the femur [15]. 
Although this information is useful when the 
knee remains dislocated, knee dislocations often 
spontaneously reduce, which is typically the case 
in athletes, so the true direction of dislocation 
may be unknown. The major limitation of the 
Kennedy classification, however, is the variabil-
ity in injured ligaments when only accounting for 
the direction of dislocation.
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Shelbourne and colleagues classified knee dis-
locations as low energy or high energy based 
upon the mechanism of injury [16]. Knee dislo-
cations from sporting activities, with the excep-
tion of water-skiing, were classified as low 
energy, while motor vehicle collisions (MVC), 
crush injuries, and fall from high distances were 
classified as high-energy dislocations. Shelbourne 
reported only a 4.8% rate of vascular injury in 
low-energy dislocations. In contrast, McCoy and 
colleagues reported four cases of low-energy 
knee dislocation, three of which sustained vascu-
lar injuries requiring surgical repair [17]. 
Therefore, the physician must maintain a high 
index of suspicion for vascular injury in knee dis-
location regardless of the mechanism of injury.

The most widely used and accepted classifica-
tion of knee dislocations was developed by 
Schenck and is based on which anatomical struc-
tures are injured [18]. The Schenck classification 
accounts for injured ligaments, nerve and arterial 
injuries, and fractures. A summary of the Schenck 
classification is shown in Table 16.1.

16.1.3  Mechanism of Injury

Hyperextension of the knee, from either contact 
or noncontact injury, classically causes anterior 
dislocation of the knee and rupture of both cru-
ciate ligaments and is a high-risk pattern for 
neurovascular injury due to stretch on the poste-
rior structures of the knee [13]. In a cadaver 
study, Kennedy demonstrated that hyperexten-
sion of the knee past 30° resulted in tearing of 

the posterior capsule, while hyperextension to 
50° ruptured the PCL and popliteal artery in all 
specimens [15].

A violent blow to the anterior proximal tibia 
of the flexed knee and falling directly onto a 
flexed knee are the typical patterns for posterior 
dislocations of the knee. Medial and lateral dislo-
cations result from a varus or valgus force, often 
seen in contact sports such as rugby or American 
football, while rotatory dislocations result from 
twisting in combination with a varus/valgus 
stress or hyperextension, as may occur in skiing, 
wrestling, basketball, handball, or soccer [13]. In 
contact sports such as American football where 
multiple athletes are simultaneously competing 
with one another, the team physicians and ath-
letic trainers may not witness the injury in real 
time. Therefore, asking the player “what hap-
pened to your knee” and reviewing instant replay 
video footage may be extremely helpful for mak-
ing the diagnosis of knee dislocation.

16.1.4  Evaluation

16.1.4.1  General Considerations
The importance of immediate recognition of 
knee dislocation lies not with the treatment of 
instability but the recognition of potential vascu-
lar injury or vascular compromise [13]. Green 
and Allen reported an amputation rate of 86% 
when vascular repair associated with knee dislo-
cations is delayed more than 8 hours after injury. 
Conversely, 89% of limbs remained viable when 
vascular repairs were performed less than 8 hours 
after injury [19].

On the field, a brief history is obtained from 
the patient, focusing on the mechanism of injury, 
location(s) of pain, and if there is any subjective 
numbness in the extremity. Socks and shoes are 
removed and athletic shorts pulled proximally to 
expose both lower extremities from the mid-thigh 
to the toes so that an adequate physical examina-
tion may be performed.

16.1.4.2  Physical Examination
Although the diagnosis may be obvious in cases 
where the knee is dislocated, signs and symptoms 

Table 16.1 Schenck classification of knee dislocation. 
“C” is added for concomitant arterial injuries, while “N” 
is added for nerve injury

Grade Injured structure Intact structure
I 1 cruciate + 1 collateral 1 cruciate + 1 

collateral
II Both cruciates Both collaterals
IIIM Both cruciates + MCL LCL/PLC
IIIL Both cruciates + LCL/

PLC
MCL

IV Both cruciates, both 
collaterals

–

V Fracture dislocation

16 Knee Dislocation in Athletes
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may be subtle in the spontaneously reduced knee. 
Capsular disruption may prevent the formation of 
a hemarthrosis, presenting instead as soft tissue 
swelling or bruising [20]. As soon as the diagno-
sis of knee dislocation is made or suspected, 
emergency medical services should be alerted to 
coordinate transportation to the hospital for fur-
ther workup.

16.1.4.3  Closed Reduction
In cases where the knee dislocation has not spon-
taneously reduced, the physician should expedi-
tiously palpate the patient’s dorsalis pedis and 
posterior tibial pulses and check tibial and pero-
neal nerve motor and sensory function before 
proceeding with a closed reduction. Gentle in- 
line traction with non-forceful manipulation is 
successful in reducing the majority of tibiofemo-
ral knee dislocations on the field. Once the knee 
is reduced, a detailed physical examination is 
performed (below), including repeating the neu-
rovascular exam. The extremity is then placed 
into a knee immobilizer or long leg splint, and the 
patient is transported to the hospital.

Occasionally, the knee will not completely 
reduce or not reduce at all. Clarke first described 
what is now known as the dimple sign in 1942 
[20]. When the knee is gently brought into exten-
sion, a worsening skin dimple between the medial 
femoral condyle and the medial tibial plateau 
indicates that the medial femoral condyle has 
buttonholed through the medial joint capsule and 
the MCL has become entrapped within the joint. 
Emergent open reduction in the operating room is 
the appropriate treatment for irreducible knee 
dislocations [21].

16.1.4.4  Vascular Examination
The reported incidence of popliteal artery injury 
varies widely in the literature, from 3.3% to 
65% [16, 19, 20, 22–25]. Anterior and posterior 
dislocations, higher-energy injuries, and dislo-
cations where all four major ligaments are rup-
tured (Schenk classification KD IV) have been 
shown to be at higher risk of popliteal artery 
injury [13, 24].

The dorsalis pedis and posterior tibial pulses 
are palpated on both feet simultaneously. 

Asymmetry between the injured and uninjured 
legs and absent or weak pulses are indicative of 
arterial injury. In the training room, ankle- 
brachial index (ABI) should be obtained for both 
lower extremities. In an ABI examination, the 
patient is placed supine, and a blood pressure cuff 
is placed proximal to the ankle of the injured 
limb. Systolic pressure is determined with a 
Doppler probe at either the posterior tibial artery 
or the dorsalis pedis artery. The same measure-
ment is made on the ipsilateral uninjured upper 
extremity limb. The ABI is calculated as the sys-
tolic pressure of the injured limb divided by the 
systolic pressure of the uninjured limb. Although 
the ABI measurement may be inaccurate in 
patients with peripheral arterial disease or vessel 
calcification, these conditions are rarely seen in 
the athlete. ABI less than 0.9 is strongly sugges-
tive of vascular injury [5].

Controversy exists regarding the need for 
advanced imaging with an arteriogram, magnetic 
resonance arteriography, or computed tomo-
graphic angiography versus observation with 
serial physical examination to detect arterial 
injury. Part of the reasoning for this controversy 
is that popliteal artery intimal injuries may occur 
with knee dislocation and occlude many hours 
after the injury, resulting in a normal examination 
initially, only later to have occluded, resulting in 
vascular compromise. Some authors advocate for 
selective advanced imaging only in patients with 
abnormal physical exam or ABI [24–27], while 
others recommend arteriograms be obtained in 
every patient regardless of physical exam find-
ings [19, 28]. It has been our practice to obtain 
computed tomography (CT) angiography in all 
athletes with knee dislocation, regardless of the 
physical examination or ABI, since, in our opin-
ion, the potential benefits far outweigh the risks.

16.1.4.5  Neurologic Examination
The reported incidence of nerve injury associated 
with knee dislocation varies widely in the litera-
ture from 5% to 40.0% [15, 23, 29–32]. Most com-
monly, the common peroneal is the injured nerve, 
though isolated tibial nerve palsy has been reported 
[33]. The reported rate of peroneal nerve recovery 
after knee dislocation also varies;  however, a gen-
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eral rule is that approximately one- third of injuries 
regain complete function, one-third regain partial 
function, and one-third do not regain any function 
[34, 35]. Multiple authors have demonstrated 
improved outcomes in patients with partial versus 
complete nerve injuries [36, 37]. A detailed neuro-
logic examination includes sensation in the tibial, 
deep peroneal, and superficial peroneal distribu-
tions to light touch, pinprick, and temperature if 
available. Motor examination tests the flexor and 
extensor hallucis longus, tibialis anterior, and gas-
trocnemius to document baseline function [20].

16.1.4.6  Ligament Examination
Ligament testing in the acute multiple ligament- 
injured knee is often limited due to pain, and one 
must avoid inadvertent redislocation (e.g., by 
hyperextending the knee). ACL tears are diag-
nosed using Lachman’s maneuver with the knee 
at 20° of flexion, while the PCL is evaluated with 
a posterior drawer test with the knee bent to 90°. 
Gentle testing of the collateral ligaments should 
be performed at 0 and 30° of flexion. Performing 
a dial test with external rotation of the feet at 30 
and 90° of flexion is often difficult because of 
pain but is the best way to clinically evaluate the 
posterolateral corner [4].

16.1.4.7  Imaging
AP and lateral radiographs of the knee should be 
obtained to evaluate for fracture and to assess the 
joint reduction. Widening of the medial or lateral 
joint space in the AP view may be seen in cases 
of collateral ligament injury. PCL ruptured knees 
often demonstrate posterior sagging of the proxi-
mal tibia on the lateral view, which may be cor-
rected by placing a soft, rolled blanket under the 
calf (with the splint or knee immobilizer in 
place). This maneuver helps remove tension off 
the posterior neurovascular structures. However, 
great care must be taken to ensure the rolled blan-
ket does not migrate proximally up to the popli-
teal fossa, as this could cause obstruction of the 
popliteal artery and vein.

Magnetic resonance imaging is performed in 
all athletes with knee dislocation. MRI should be 
scrutinized not only for damage to the four major 
ligaments (ACL, PCL, MCL, LCL) but also for 

posterior capsular tears; avulsion injuries of the 
iliotibial band, biceps femoris, popliteus, and 
posterolateral corner; and extensor mechanism 
injuries.

16.1.5  Treatment

16.1.5.1  Arterial Injuries
Vascular surgery is consulted for emergent evalu-
ation and treatment of all popliteal artery injuries. 
A dialogue between the orthopedic and vascular 
surgeon is necessary so that incisions made by 
the vascular surgeon will be appropriately placed 
for later ligament reconstruction [4]. The vascu-
lar surgeon may also request knee-spanning 
external fixation be placed to protect the arterial 
repair. After the leg is prepped and draped, two 
self-drilling, self-tapping, 5.0-mm-diameter pins 
are placed bicortically into the femur through 
stab incisions on the anterolateral aspect of the 
thigh. The pins should be spaced as far apart as 
possible to increase the stability of the construct; 
however, the pin closest to the knee must be at 
least 7.5 cm above the superior pole of the patella 
to avoid the suprapatellar pouch, in addition to 
avoiding future skin incisions [38]. Next, two 
self-drilling, self-tapping, 5.0-mm-diameter pins 
are placed bicortically into the tibia through 
small stab incisions over the anteromedial tibia. 
Similar to the femur, the pins are maximally 
spaced, with the most proximal pin at least 10 cm 
below the knee joint line to avoid future skin inci-
sions. Standard radiolucent bars and pin-to-bar 
and bar-to-bar connectors are utilized to fashion 
the spanning external fixation construct. Finally, 
a large C-arm fluoroscope is brought in to verify 
proper pin depth and reduction of the knee.

16.1.6  Ligament Injuries

16.1.6.1  General Considerations
Goals of treatment include restoration of knee 
stability, full range of motion, and return of the 
athlete to their pre-injury level of play. Surgical 
treatment is recommended for all athletes, as sev-
eral studies have demonstrated superiority over 
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nonsurgical treatment of knee dislocations [39–
41]. Optimal timing of surgery is 10–14  days 
after injury, when the soft tissues are amenable to 
repair and capsular tears have sufficiently healed 
to prevent fluid extravasation from the knee. It is 
not uncommon, however, for knee dislocations to 
initially be unrecognized or misdiagnosed and 
present several weeks out from injury, especially 
high school and recreational athletes without a 
team physician trained in musculoskeletal medi-
cine. This becomes important in planning surgi-
cal treatment, as ligament contracture and 
scarring of the tissue planes prohibits repair of 
MCL/posteromedial corner and LCL/posterolat-
eral corner when surgery is delayed more than 
3 weeks from injury, and it becomes necessary to 
reconstruct these structures. The PCL and ACL 
are typically reconstructed regardless of time 
from injury to surgery, although repair of the 
PCL may be possible when avulsed from the 
femoral side or bony avulsion from the tibial 
side, and acute tibial eminence avulsion fractures 
of the ACL may also be amenable to repair. For 
all ligament reconstructions, allograft tissue is 
favored over autograft since multiple ligaments 
require reconstruction, autograft sources are lim-
ited, and donor site morbidity may be avoided, to 
minimize the duration of surgery and avoid addi-
tional trauma to the knee.

If the athlete is a high-level athlete, and good 
postoperative rehabilitation is available, then the 
senior author prefers to repair the collateral 
ligament(s)/corners, along with cruciate ligament 
reconstruction at 10–14 days post injury. There is 
some controversy about the outcomes of primary 
repair versus reconstruction acutely, as outcomes 
seem better for reconstruction of the collateral 
ligaments/corner than repair [42–44]. The senior 
author prefers repair and will augment the repair 
with allograft tissue for collateral ligament 
injury/corner injury, as the anatomy is more com-
plex than just what is reconstructed with a graft. 
If the knee dislocation is not in an athlete, and/or 
rehabilitation by an experienced therapist is not 
available, it is the senior author’s preference to 
reconstruct the PCL and fix/reconstruct the col-
lateral ligament(s)/corner(s) first. Later, after the 
collateral ligament and corner are healed and the 

patient recovered from the PCL reconstruction, 
the ACL can be reconstructed if the patient has 
instability from insufficiency of the ACL.  This 
approach is preferred, since rehabilitation is less 
complicated when compared to rehabilitation 
after reconstructing both cruciates. The PCL is 
reconstructed first, with the collateral ligament 
and corner, to reduce the knee in its anatomic tib-
iofemoral relationship, taking stress off the col-
lateral ligament and corner. Reconstructing the 
ACL with the PCL torn may result in problems 
with appropriate ACL tensioning and/or tibio-
femoral relationship, and the posterior sag will 
result in stretching out of the repaired/recon-
structed collateral ligament(s)/corner(s).

Informed consent for surgery is obtained from 
the patient and/or family member and includes a 
review of the potential risks of surgery with the 
patient and family members, including neurovas-
cular injury with subsequent risk of bleeding and 
possible need for transfusion, infection, stiffness, 
recurrent instability, arthritis, and need for fur-
ther surgery. Multiligament knee surgeries are 
scheduled as “first-start” cases, allograft tissue is 
ordered, and vascular surgery is contacted to 
ensure their availability should any question of 
limb perfusion arises during the case.

16.1.7  Surgical Technique

16.1.7.1  Anesthesia and Room Setup
General anesthesia is preferred in all cases, and 
preoperative femoral and sciatic nerve blocks are 
often administered to aid postoperative pain con-
trol. Surgical instrument tables are situated on the 
side of the operative leg, while suction, the 
arthroscopy fluid tower, and C-arm fluoroscopy 
are positioned on the opposite side of the room. 
Exam under anesthesia is performed to confirm 
the ligament injuries suspected on preoperative 
exam and MRI and includes palpation of the pos-
terior tibial and dorsalis pedis pulses. Doppler 
ultrasound should be available and utilized when 
pulses are not easily palpable.

A non-sterile tourniquet is placed as high as 
possible on the thigh, but is not typically used 
during the procedure. Care is taken to not create 
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a venous tourniquet that may occur by wrapping 
the tourniquet tightly. The non-operative leg 
placed in an Allen stirrup with no varus or valgus 
stress on the knee, padding of the lateral leg to 
protect the peroneal nerve, and knee and hip flex-
ion of 30–45°, each. The operative leg is placed 
in a circumferential thigh holder at the level of 
the upper to mid-thigh. Using sterile technique, 
the operative knee is insufflated with 60  cc of 
normal saline via a lateral mid-patellar approach. 
The foot of the bed is then lowered all the way 
and the table padding removed, which allows 
flexion of the knee to 120°.

The leg is prepped and draped using a sterile 
technique. Bony anatomy and skin incisions are 
identified with a skin marker. The anterolateral 
portal is just above the joint line, 5 mm lateral to 
the patellar tendon, while the anteromedial portal 
is at the same level, 1 cm medial to the patellar 
tendon. The tibial tubercle is identified, and the 
incision for ACL and PCL reconstructions is 
marked starting 2 cm medial to the tibial tubercle 
and extending distally 4 cm. This incision can be 
used in conjunction with a 2 cm incision centered 
over the medial epicondyle for MCL reconstruc-
tion or can be extended to the distal aspect of the 
medial epicondyle if a single incision is desired. 
For LCL repair or reconstruction, a hockey stick 
incision approximately 12 cm in length is marked 
out along the mid-IT band, curving distally at the 
lateral epicondyle and ending midway between 
Gerdy’s tubercle and the fibular head.

16.1.7.2  Diagnostic Arthroscopy
Diagnostic arthroscopy is performed expedi-
tiously, with gravity inflow instead of a pump to 
minimize the risk of fluid extravasation and com-
partment syndrome. Care should be taken 
throughout the case to ensure the calf muscle is 
supple; should firmness of the lower leg develop 
at any point during the case, fluid inflow is turned 
off, and dry arthroscopy is used for the remainder 
of the case.

A superolateral outflow cannula is placed, and 
the anterolateral and anteromedial portal inci-
sions are made. Some prefer superomedial out-
flow cannula, particularly if a lateral collateral/
posterolateral corner reconstruction is to be per-

formed. A 30-degree arthroscope with gravity 
inflow attached is inserted in the anterolateral 
portal, and an arthroscopic probe is placed in the 
medial portal. Pictures are taken of the patello-
femoral joint, gutters, and medial and lateral 
compartments, to document all ligament, carti-
lage, and meniscus injuries. Chondral lesions are 
debrided to a stable base. Meniscal tears with the 
capacity to heal are fixed using all-inside or 
inside-out sutures depending on the length and 
pattern of the tear.

16.1.7.3  Ligament Repair or 
Reconstruction

We recommend addressing the PCL and ACL 
first by drilling the tunnels, passing the grafts, 
and fixing them on the femoral side before pro-
ceeding with open repair or reconstruction of the 
MCL/posteromedial corner and LCL/posterolat-
eral corner. Bone patellar tendon bone allografts 
are preferred for ACL and PCL reconstructions, 
while Achilles tendon allografts are preferred for 
MCL and LCL reconstructions. It is important to 
have a trained surgical assistant begin preparing 
the allografts as soon as the patient enters the 
operating room to avoid delays in the surgical 
procedure.

16.1.8  Posterior Cruciate Ligament

16.1.8.1  Repair
Arthroscopic repair of femoral avulsions of the 
PCL is our preferred treatment strategy, since it is 
faster and safer than PCL reconstruction, and can 
better replicate the anatomy (and potentially 
function) as compared with PCL reconstruction, 
while outcomes are comparable to, or better than, 
PCL reconstruction [45, 46].

After debridement of the ACL stump, the fem-
oral insertion of the PCL is debrided to bleeding 
bone using an arthroscopic shaver. An 
arthroscopic suture passing device is used to pass 
a high strength, nonabsorbable suture through the 
PCL, typically grasping the tissue just above the 
medial tibial spine. The suture is reloaded and 
passed a second time through the PCL for a lock-
ing Bunnell suture configuration. The suture is 
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shuttled out the anterolateral portal, and then 
another different-colored high-strength nonab-
sorbable suture is passed in similar fashion, just 
proximal to the first suture. A 2  cm incision is 
made along the posterior border of the vastus 
medialis, 3 cm proximal to the joint line. A PCL 
guide is placed through this incision and the 
anteromedial portal, and two bone tunnels, 
approximately 8–10 mm apart, are drilled retro-
grade using a 2.4 mm pin into the PCL femoral 
insertion. A Hewson suture passer is then used to 
shuttle each set of sutures out their respective 
bone tunnels, where they will eventually be tied 
over a button.

16.1.8.2  Reconstruction
Reconstruction of the PCL is our preferred treat-
ment strategy for midsubstance ruptures and 
non- bony tibial PCL avulsions. An 11-mm-
diameter bone-patellar tendon-bone allograft is 
fashioned on the back table with the femoral 
bone plug 20 mm in length and the tibial bone 
plug 25–30 mm in length. It is critical that the 
femoral bone plug be no more than 20  mm in 
length in order to facilitate passing the graft into 
the knee around the “killer turn.” After debride-
ment of the ACL remnant and anterior fibers of 
the PCL, a posteromedial portal is created under 
direct visualization using a spinal needle for 
localization, and a 5.5 mm cannula is inserted. A 
full-radius shaver is used through the posterome-
dial portal to resect the PCL to its tibial inser-
tion. Switching to a 70-degree lens helps to 
visualize the tibial insertion with the arthroscope 
in the anterolateral portal.

The previously marked 4 cm incision is made 
on the anteromedial proximal tibia. The PCL 
tibial guide is placed through the anteromedial 
portal with the tip toward the lateral aspect of the 
PCL tibial insertion 7.4 mm anterior to the pos-
terior tibial cortex and one-third of the medial to 
lateral distance between the medial groove and 
lateral cartilage point. The angle of the PCL 
guide is maximally opened (usually around 65°) 
so that the bullet of the guide is 6–7 cm below 
the joint line. Opening the guide to at least 65° 
will ensure adequate spacing between the PCL 
and ACL tibial tunnels and minimizes the angle 

of the so-called killer turn at the tibial tunnel 
aperture into the joint. A guidewire is then care-
fully drilled into the joint under direct visualiza-
tion, choking up on the wire with the wire driver 
and gently drilling through the far cortex to pre-
vent plunging into the joint and nearby neuro-
vascular structures. Some PCL tibial guides have 
a flat surface to catch the guidewire, to reduce 
neurovascular injury by the guidewire. 
Fluoroscopy is brought in to check the position 
of the wire. After the proper position of the wire 
is confirmed, an 11 mm cannulated fully fluted 
reamer is then used to drill the tibial tunnel under 
arthroscopic visualization while covering the tip 
of the guidewire with a curette or a PCL tibial 
guidewire protector. Once the reamer contacts 
the far cortex, remove the guidewire before 
reaming into the joint.

The femoral PCL guide enters the joint 
through the anteromedial portal with the tip 
placed 7.9  mm proximal to the distal articular 
cartilage and 7.4 mm posterior from the trochlear 
point. A 2 cm incision is made along the posterior 
border of the vastus medialis, about 3 cm above 
the joint line, and the bullet of the guide is placed 
on the femur. A Beath needle is drilled into the 
joint outside-in, followed by retrograde drilling 
of the femoral tunnel with a cannulated 11 mm 
fully fluted reamer. To ensure that the graft will 
pass smoothly into the joint and femoral tunnels, 
the periosteum at all four apertures of the tunnels 
is liberally cleared with electrocautery. An 
18-gauge metal wire is used to shuttle the sutures 
for the graft through the tunnels by bending the 
wire in half and pulling it retrograde through the 
femoral and tibial tunnels so that the looped end 
of the wire rests at the proximal tibia. The BPTB 
shuttling sutures and graft are then pulled up the 
tibial tunnel and through the joint until the femo-
ral bone plug sits flush in the femoral tunnel. An 
7 x 20-mm-diameter metal femoral interference 
screw is placed in the femoral tunnel from out-
side- in to fix the graft in the femur. When per-
forming collateral ligament repair/reconstruction, 
PCL reconstruction is halted at this point to 
address these other structures. Once the ACL is 
fixed on the femoral side, and the collateral liga-
ments/corners are prepared for fixation, attention 
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is returned to the PCL.  While performing an 
anterior drawer maneuver with the knee at 90° of 
flexion such that the proximal medial tibia is 
1  cm anterior to the medial femoral condyle, a 
9 × 20 mm metal interference screw is placed into 
the tibial tunnel under direct visualization to 
secure the PCL graft in place.

16.1.8.3  Anterior Cruciate Ligament 
Reconstruction

A 10-mm bone-patellar tendon-bone allograft is 
fashioned on the back table with a 20-mm femo-
ral bone plug and 25-mm tibial bone plug. To pre-
vent graft-tunnel mismatch, the tendinous length 
of the allograft should be matched to the patient’s 
height following the algorithm of Brown et  al. 
[47]. A notchplasty is performed to create an 
upside-down “U”-shaped notch and allow clear 
visualization of the back wall. The tibial drill 
guide is inserted through the anteromedial portal 
with the tip two-fifths of the medial-lateral inter-
spinous distance, centered in the remaining ACL 
footprint. The ACL drill guide is placed on the 
tibia so that after reaming the tibial tunnel, there 
will be at least a 1 cm bone bridge between the 
ACL and PCL tunnels (typically 45–50°). A 
Beath needle is then drilled into the joint. Once 
the proper location of the wire is confirmed, a 
cannulated, fully fluted, constant diameter 10 mm 
reamer is used to create the tibial tunnel.

A spinal needle is placed through the antero-
medial portal to visualize the trajectory toward 
the femoral insertion of the ACL. Frequently, it is 
necessary to create an accessory anteromedial 
portal which is more medial and distal than the 
original AM portal to improve the angle of drill-
ing the femoral tunnel and prevent blowing out 
the back wall. A 7 mm offset drill guide is then 
placed through the accessory AM portal and 
hooked on the back wall. The knee is flexed to 
120°, and a Beath pin is drilled through the femo-
ral insertion of the ACL, 24.8% of the proximal 
to distal distance measured from the proximal 
femoral cortex, and 28.5% of the anterior to pos-
terior distance, measured from the top of the 
notch. The femoral tunnel is then drilled over the 
Beath pin using a cannulated hemispherical 
reamer to a depth of 23 mm. A passing suture is 

placed through the Beath pin, which is pulled out 
the lateral femoral cortex. The periosteum and 
soft tissue at the apertures of the tibial tunnel are 
removed with electrocautery, and then the pass-
ing suture is pulled from the joint down and out 
the tibial tunnel. The BPTB graft is shuttled up 
into the knee and then into the femoral tunnel 
with the cancellous surface of the graft oriented 
anteriorly. A nitinol wire is placed colinearly 
between the cancellous surface of the graft and 
the anterior wall of the femoral tunnel, and a 
7 mm diameter metal screw with a rounded head 
is inserted to fix the graft on the femoral side. 
After the PCL and collateral ligaments have been 
secured, the tibial bone plug of the ACL is 
secured with a 9  ×  20  mm metal interference 
screw.

16.1.8.4  Lateral Collateral Ligament/
Posterolateral Corner

Repair of the lateral collateral ligament and pos-
terolateral corner is our preferred treatment when 
surgery is performed less than 3 weeks out from 
injury, in cases of tendon avulsions from the 
bone, and when the tissue quality affords a robust 
repair. Injury patterns may vary substantially; 
therefore, thoughtful review of the preoperative 
MRI is essential for surgical planning. Care is 
taken to repair all damaged structures back to 
their anatomic insertions using double-loaded 
suture anchors with heavy nonabsorbable suture. 
Locking, Krackow suture configuration is uti-
lized when suturing all damaged structures.

Reconstruction of the posterolateral corner is 
planned for all delayed surgical procedures but is 
also performed in acute cases (less than 3 weeks) 
when the tissue quality is poor, and it is not pos-
sible to obtain a robust repair. Because the final 
decision on repair or reconstruction will be made 
intraoperatively, Achilles tendon allograft must 
be made available for all knee dislocation surger-
ies regardless of the time from injury.

Our surgical technique for reconstruction of 
the posterolateral corner essentially mirrors the 
technique described by LaPrade et al.,  particularly 
for high-grade posterolateral injuries. For low-
grade posterolateral corner injuries, that is, grade 
3 injuries with lower degrees of laxity, Arciero’s 
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modification of Larson’s lateral reconstruction 
through the fibular head is utilized to minimize 
the extra dissection of tissues to access the pos-
terolateral aspect of the tibia [48]. The reader is 
directed to the original article referenced at the 
end of this chapter for a detailed description of 
the procedure [49]; however, an abbreviated sum-
mary of the procedure is discussed in the follow-
ing paragraphs.

An Achilles tendon allograft is split into two 
grafts, each with a 9 mm × 18 mm bone block, 
and the tendinous portion trimmed to fit through 
a 7 mm graft sizer and tubularized with #2 nonab-
sorbable suture. The previously marked skin inci-
sion is made, and full-thickness skin flaps are 
developed above the fascia. The common pero-
neal nerve is identified through a fascial split pos-
terior to the biceps femoris and approximately 
2 cm below the fibular head. A neurolysis is per-
formed so that the nerve is freely mobile and the 
nerve is protected throughout the remainder of 
the case.

The interval between the lateral head of the 
gastrocnemius and soleus is developed bluntly to 
identify the posterior fibular head and posterolat-
eral surface of the tibia. Two incisions are made 
in line with the fibers of the iliotibial band, the 
first centered at the lateral epicondyle and the 
second centered 1 cm proximal to the tip of the 
fibula. The femoral insertion of the LCL is identi-
fied through the anterior fascial incision, 1.4 mm 
proximal and 3.1 mm posterior to the lateral fem-
oral epicondyle, and a Beath pin is drilled trans-
versely across the femur and through the skin on 
the medial side of the knee. The femoral insertion 
of the popliteus tendon is then identified 18.5 mm 
distal and posterior to the LCL, and a Beath pin is 
placed across the femur parallel to the LCL pin. 
Twenty millimeter length blind tunnels are then 
drilled over the top of each wire with a 9-mm- 
diameter cannulated reamer. A K-wire is then 
drilled from the fibular insertion of the LCL, 
8.2  mm posterior to the anterior border of the 
fibular head and 28.4 mm distal to the tip of the 
fibular styloid process, aiming toward the tip of 
the surgeon’s finger which is placed on the pos-
teromedial downslope of the fibular styloid, at the 
attachment of the popliteofibular ligament. A 

7  mm cannulated reamer is drilled over the 
K-wire through the fibular head, while a posteri-
orly placed retractor protects the peroneal nerve. 
Next, an ACL guide is placed on the bone of the 
proximal tibia, anterior to the popliteus, with the 
tip approximately 1 cm medial and 1 cm proxi-
mal to the posterior aperture of the fibular tunnel, 
and the bullet of the guide just distal and medial 
to Gerdy’s tubercle. The guidewire is drilled and 
checked with fluoroscopy, and then a 10  mm 
fully fluted reamer is used to drill the tibial 
tunnel.

After all four tunnels have been drilled, the 
two Achilles allograft bone plugs are secured in 
the femur with 7  ×  20  mm metal interference 
screws. The tendinous portion of both grafts are 
shuttled under the iliotibial band. A mosquito 
clamp to puncture the posterolateral capsule just 
above the lateral meniscus and pull the popliteus 
graft to the posterior aspect of the knee. The pop-
liteus graft is then shuttled through the tibial tun-
nel from posterior to anterior using a Hewson 
suture passer to shuttle the sutures. The graft 
from the LCL insertion is passed superficial to 
the popliteus allograft tendon, passed from ante-
rior to posterior through the fibula, and then shut-
tled from posterior to anterior through the tibial 
tunnel. After the PCL graft has been fixed to the 
tibia, a valgus force is applied to the knee in 20° 
of flexion, and the LCL graft is fixed to the fibula 
with a 7  ×  20  mm metal interference screw. 
Finally, with the knee placed in 60° of flexion and 
neutral rotation, the tendinous ends of both grafts 
are fixed in the tibial tunnel with a 9 × 30 mm 
interference screw.

16.1.8.5  Medial Collateral Ligament/
Posteromedial Corner

Similar to the lateral side of the knee, repair of 
the medial collateral ligament and posteromedial 
corner with suture anchors is our preferred tech-
nique when the MCL is avulsed from its femoral 
origin, the surgery is performed within 3 weeks 
of injury, and the tissue is of good quality for a 
robust repair. In all other cases, reconstruction of 
the MCL with an Achilles allograft as described 
by Marx et  al. is our preferred technique [50]. 
The reader is referred to Marx’s original article 
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for a detailed description of the procedure; how-
ever, key points of the operation are summarized 
below.

An Achilles allograft is fashioned with a 
9 × 18 mm bone block on the back Table. A 3 cm 
longitudinal incision is made centered over the 
medial epicondyle. The fascia is cut in line with 
the skin incision, and a subfascial tunnel is cre-
ated distally toward the proximal tibial incision, 
under the sartorius and hamstring tendons. The 
origin of the superficial MCL is identified 3.2 mm 
proximal and 4.8 mm posterior to the medial epi-
condyle, and a Beath pin is driven across the 
femur, aiming slightly anteriorly to avoid the 
intercondylar notch. A nonabsorbable suture is 
passed through the subfascial tunnel and wrapped 
around the Beath pin. The isometric point on the 
tibia is identified by cycling the knee, typically 
posterior to the pes anserine insertion and marked 
with electrocautery. A cannulated 9 mm reamer is 
used to create a 20 mm blind tunnel in the femur 
over the Beath pin. The periosteum overlying the 
aperture of the femoral tunnel is removed with 
electrocautery. The Achilles bone block is pulled 
into the femoral tunnel and fixed with a 
7 × 20 mm metal interference screw. The tendi-
nous portion of the allograft is passed through the 
subfascial tunnel. After the PCL and LCL have 
been secured, the knee is flexed to 20°, a varus 
force is applied to the knee, and the graft is fixed 
at the previously marked isometric point with a 
4.5 mm cortical screw and 17 mm spiked washer.

16.1.8.6  Postoperative Rehabilitation
At the conclusion of the surgical procedure, the 
patient is placed in a hinged knee brace locked in 
full extension after surgery and made non- 
weight- bearing with crutches for 6  weeks. If a 
standard brace is used, a couple of towels are 
placed between the upper calf and brace to pro-
vide an anterior directed force, to reduce the sag 
on the PCL. Alternatively, a brace with an ante-
rior directed, spring-loaded force may be applied 
to reduce gravity forces that may result in stretch-
ing out of the PCL. Two weeks after surgery, the 
patient can unlock the brace to work on range of 
motion from 0 to 60°. At 4 weeks postoperatively, 
range of motion is increased to 0–90°. After 

6 weeks, the brace is unlocked to allow full range 
of motion, and gradual progression of weight- 
bearing is allowed. The brace may be discontin-
ued after 8  weeks when the patient has 
demonstrated functional quadriceps control. 
Running is delayed until at least 6 months after 
surgery. Patients typically return to sports 
9–12 months after surgery.

16.1.8.7  Outcomes
Knee dislocation in athletes is an uncommon 
injury. Most of the available literature consists 
of level 4 evidence from retrospective case 
series with small numbers of patients and a vari-
ety of injury patterns and mechanisms, includ-
ing high- energy motor vehicle collisions, 
low-energy sports injuries, and ultralow-energy 
dislocations in morbidly obese patients, limit-
ing the applicability of some of the study find-
ings to athletes. The prognosis for knee 
dislocations from sports injuries may be better 
than high-energy and ultralow-energy mecha-
nisms; however, the prognosis for return to 
sports is fair to guard at best.

Richter and colleagues retrospectively 
reviewed 89 knee dislocations from all mecha-
nisms of injury managed either conservatively or 
with surgery, 17 (19%) of whom dislocated their 
knee playing sports. Lysholm and IKDC scores 
were noted to be higher in the sports injury 
patients; however, the rate of return to sports 
among all patients was only 45%. Of these 
patients, 57% returned to the same level of play, 
40% to a lower level of play, and 3% to a higher 
level of play [39]. Engebretsen and colleagues 
prospectively followed 85 patients for 2–9 years 
after surgical treatment of knee dislocation, of 
which 40 were low-energy sports-related inju-
ries. Patients with knee dislocation performed 
significantly better in the triple hop test but 
showed similar Tegner, Lysholm, and IKDC 
scores and no significant difference in the one-leg 
hop test, crossover hop test, and 6 m timed hop 
test. The mean age of the sports injury patients, 
however, was significantly greater than the high- 
energy knee dislocations (47 vs. 38  years old), 
limiting the applicability of these findings to 
younger athletes [36].
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Two retrospective case series have specifically 
been limited to knee dislocations in athletes. 
Shelbourne et  al. reported 21 knee dislocations 
sustained in a variety of sports, including 
American football, wrestling, rugby, softball, 
running, and hurdling. Five patients were man-
aged conservatively, while the other 16 under-
went either repair or reconstruction of the torn 
ligaments. Seventy-seven percent of their patients 
were able to return to sports, but only 19% at the 
same level. Improved ROM was noted in patients 
treated with an accelerated rehabilitation proto-
col. Hirschmann and colleagues retrospectively 
reviewed their experience surgically treating 
knee dislocations in 26 elite athletes, of which 13 
injured their knee playing sports. Medial and lat-
eral ligament injuries were repaired in all patients, 
and the ACL and PCL were reconstructed with 
autograft BPTB and quadriceps tendon, respec-
tively. Twenty-four patients were available for 
follow-up an average of 8  years after surgery. 
Seventy-nine percent of patients returned to 
sports, and 42% of these returned to their pre- 
injury level of play. Patients who underwent sur-
gery greater than 40 days after injury had worse 
outcome scores and lower rates of return to sports 
than those who underwent early surgery.

Improved surgical outcomes with early sur-
gery for knee dislocation has been demonstrated 
in several other studies. A systematic review by 
Levy et  al. found five studies comparing early 
surgery (less than 3  weeks) with late surgery. 
Early treatment resulted in higher mean Lysholm 
scores (90 vs. 82) and a higher percentage of 
excellent/good IKDC scores (47% vs. 31%), as 
well as higher sports activity scores (89 vs. 69) 
on the Knee Outcome Survey [3].

16.2  Conclusion

Knee dislocation is a rare, potentially limb- 
threating injury in the athlete. The physician must 
have a high index of suspicion to avoid missing the 
diagnosis in spontaneously reduced knees. On-the-
field management includes gentle closed reduction 
of dislocated knees, with splinting and transfer to 
the hospital. Magnetic resonance imaging and 

angiography are recommended for all athletes to 
evaluate for vascular injury and assist in preopera-
tive planning. Optimal surgical timing is 
10–14 days after injury, with repair or reconstruc-
tion of all damaged structures. ACL reconstruction 
with allograft is recommended for all athletes. The 
PCL may be repaired when avulsed from the femur 
or bony avulsion from the tibia but is reconstructed 
for other tear patterns. The LCL/posterolateral cor-
ner and MCL/posteromedial corners are repaired 
when surgery is performed within 3  weeks of 
injury, the tissue quality is good, and the ligaments 
have avulsed from both; in all other cases, recon-
struction with allograft is recommended. Nine to 
twelve months of rehabilitation is typically required 
before returning to sports. Published rates of return 
to play range between 50 and 80%.
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17.1  Introduction

Complications in complex knee ligament injuries 
consist of a wide variety of conditions. Complex 
knee ligament injuries are usually the result of 
knee dislocations following high energy injury, 
and complications are frequent. Diagnosis of 
these injuries often can be difficult, because some 
of dislocated knees are reduced spontaneously 
and could appear to be benign on plain radio-
graphs. Accordingly, in situations where complex 
knee ligament injuries are suspected based on 
mechanism of injury, condition of soft tissue 
injury, and severity of the ligament instability, 
early recognition and thorough neurovascular 
assessments are necessary to prevent serious 
complications. In this chapter, relatively common 
complications associated with complex knee lig-
ament injuries are described.

17.2  Persistent Instability

Persistent instability arises as one of the common 
complication in complex knee ligament injury. 
Instability is continued in almost all patients, 
who were treated with nonsurgical method and 
even with surgical treatment. Some of patients 

who were treated conservatively are capable of 
performing reasonable amount of various daily 
activities without much difficulty although they 
experience persistent instability. This capability 
in daily activities by some stability is thought to 
be the result of capsular adhesion or scarring 
rather than mechanical stabilization by ligament 
[1]. Also in surgically treated patients, persistent 
instability present in at least one plane has been 
discovered in 42% on average [2]. Plancher and 
Siliski reported that 76.9% of conservatively 
treated patients and 80% of patients with surgical 
treatment had returned to their previous occupa-
tions [3]. However, returning to sport activity 
showed substantially lower rate in the conserva-
tively treated group (31%) than the surgically 
treated group (74%). Other studies also noted 
similar results of higher IKDC score and signifi-
cantly more patients returning to sports in surgi-
cally treated patients [4].

In analysis of Becker et al. on 82 cases with 
complex knee ligament injury, they found that 
there were 90% of anterior cruciate ligament 
involvement, 79% of posterior cruciate ligament 
involvement, 78% of posterolateral corner 
involvement, and 28% having accompanying 
medial collateral ligament injury [5]. Persistent 
instability occurring postoperatively could be 
caused by negligence of these concurrent injuries 
and malalignment arising from poor correction of 
combined extra-articular fracture. Woodmass 
et  al. reported that about 47.8% and 17.4% of 
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failed reconstructions of complex knee ligament 
injury are induced by unaddressed concurrent 
ligament injury and malalignment, respectively 
[6]. Thorough radiologic evaluation of all accom-
panying ligament injuries is necessary preopera-
tively to prevent failure after the surgery, and for 
any suspected injury, it needs to be reevaluated 
prior to surgery by performing stress tests after 
inducing anesthesia. In patients without correc-
tion of malalignment in the lower limb, persistent 
postoperative instability may be caused by sus-
tained abnormal force applied to reconstructed 
tendons. Accordingly, it is necessary to maintain 
the normal alignment of lower limb to prevent 
persistent instability after complex knee ligament 
injuries.

Consequently, surgical treatment has signifi-
cantly better outcome than conservative manage-
ment in preventing persistent instability after 
complex knee ligament injuries. So thorough 
evaluation of combined ligament injury followed 
by appropriate surgical treatment for instability is 
necessary.

17.3  Arthrofibrosis

Arthrofibrosis is the most common long-term 
complication after complex knee ligament injury. 
Severe loss of knee motion following injury can 
be a more serious complication than persistent 
instability. This is also a substantial source of pain 
and disability. The prevalence has ranged from 
5% to 71% in the published literature [7]. Recent 
studies have reported 9~11% of the rates of 
manipulation or arthrolysis after surgical treat-
ment [8].

Several risk factors of arthrofibrosis have been 
discussed in various studies [1], including sever-
ity of injury, excessive scarring due to immobili-
zation, complex regional pain syndrome, 
infection, heterotopic ossification and surgical 
factors such as tunnel placement, excessive graft 
tension, and timing of surgery. Reconstruction of 
both the anterior cruciate ligament and posterior 
cruciate ligament was reported to be associated 
with higher risk of loss of motion (up to 45%). 
Reconstruction of medial collateral ligament also 

can cause higher rate of motion loss after surgery 
involving both flexion and extension. Meanwhile, 
repair of lateral collateral ligament has not been 
known to influence significantly on postoperative 
range of motion. Intercondylar notch scarring is 
one of the common causes of extension block 
after ligament reconstruction. Heterotopic ossifi-
cation can occur following musculoskeletal 
trauma. The incidence of radiological heterotopic 
ossification has been reported as 26~44% [8]. 
About 10% of heterotopic ossification after com-
plex knee ligament injury requires management 
for loss of motion with less than 70° of flexion. 
Timing and type of surgery had no significant 
effect on the degree of heterotopic ossification 
formation. The role of prophylactic anti- 
inflammatory drugs or low-dose radiation has not 
been clearly identified in the complex knee liga-
ment injury. Timing of surgery is a considerable 
risk factor of arthrofibrosis. Harner et al. reported 
about 21% manipulation rate for patients who 
underwent surgery for complex knee ligament 
injury before 3  weeks from the time of injury, 
whereas no manipulation was performed for 
patients who underwent surgery after 3 weeks [4].

17.4  Vascular Injury

Vascular injury is a fatal and not uncommon com-
plication of complex knee ligament injuries. 
Recent systematic review showed that the fre-
quency of vascular injury is 18% in overall, of 
which high energy injury ranges from 7% to 43% 
and low energy knee injury ranges from 5% to 
11% [9]. A thorough and complete vascular 
examination should be performed at initial evalu-
ation of a knee with complex knee ligament inju-
ries. Failure to recognize a vascular injury can 
cause serious consequences such as limb dysfunc-
tion and amputation. Vascular lesions include inti-
mal injury, arterial occlusions, avulsion injuries, 
ruptures, or transections. Vascular assessment 
includes physical examination, the use of the 
ankle-brachial index, duplex ultrasound, conven-
tional angiography, and CT angiography. When a 
patient presents with a cool and pulseless dysvas-
cular limb, immediate vascular intervention is 
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needed. However, when a patient has a palpable 
but asymmetric pulse, and asymmetric warmth 
and color of the limb, further assessment is 
needed. The ankle-brachial index lower than 0.9 
is considered abnormal requiring angiography, 
and patients with ankle-brachial index of 0.9 or 
greater have low risk of major arterial injury. But 
because delayed thrombus is also a risk, serial 
vascular evaluation at least every 4–6 h for a mini-
mum of 48 h is necessary [10]. Duplex ultraso-
nography is a highly sensitive and specific test for 
detecting arterial injury but is operator- dependent. 
CT angiography is a minimally invasive method 
with high sensitivity and specificity for evaluating 
arterial injuries with advantages over conven-
tional angiography.

The popliteal artery is the most commonly 
injured because it is tethered by the tendinous 
hiatus of the adductor magnus muscle proximally 
and the tendinous arch of the soleus distally [5]. 
Other possible injured vessels included the 
medial genicular artery, anterior tibial artery, 
posterior tibial artery, superficial femoral artery, 
and common femoral artery. Restoration of blood 
flow is the mainstay goal of the treatment. 
Surgical options include primary end-to-end 
anastomosis, saphenous vein interposition graft, 
and vein patch angioplasty. Balloon angioplasty 
and endovascular stent placement are other treat-
ment options for vascular injuries. Recent sys-
tematic review found that 80% of vascular 
injuries underwent surgical intervention, and of 
these patients, 12% of vascular injuries resulted 
in amputation [9]. Early recognition and rapid 
intervention are keys for treatment of vascular 
injuries. Delays exceeding 8  h in treatment of 
vascular injury resulted in an amputation rate of 
86% [11]. In addition, care must be taken to avoid 
intraoperative iatrogenic vascular injury or dam-
age to vascular reconstructions.

17.5  Neurological Injury

Neurological injury is another serious complica-
tion frequently encountered in complex knee lig-
ament injuries as well as vascular injury. The 
incidence of neurological injuries following 

complex knee ligament injuries has been reported 
variously. A recent systemic review reported that 
the frequency of nerve injuries after knee disloca-
tion was 25% [9]. Both the common peroneal 
nerve and the tibial nerve can be involved, but the 
common peroneal nerve injury was reported to be 
more frequently injured. Compared with the tib-
ial nerve located within the popliteal fossa sur-
rounded by popliteal muscle and fascia, the 
common peroneal nerve is more vulnerable to 
injury due to its anatomical characteristics, which 
is tethered around the proximal fibula. The com-
mon mechanism of injury of the peroneal nerve is 
usually a combination of varus, hyperextension, 
and tibia external rotation forces, which is usu-
ally observed in posterolateral corner injury of 
the knee. This subsequently causes the traction or 
stretching of the nerve.

Thorough neurological examination should be 
carried out in patients suspected of complex knee 
ligament injuries. All motor and sensory func-
tions of the common peroneal nerve and the tibial 
nerves should be tested even in the case which is 
spontaneously reduced after knee dislocation. 
The clinical manifestations of the peroneal nerve 
injury appear as a dysfunction of the innervated 
anatomical structure, depending on whether 
superficial or deep division is injured. It usually 
results in foot drop and gait impairment, as well 
as sensory disturbances. In the same way, tibial 
nerve injury may result in the disturbance in the 
sense of where the nerve innervates and motor 
dysfunction including loss of ankle plantar flex-
ion, loss of toe flexion, and weakened inversion. 
Furthermore, compartment syndrome should be 
differentiated from a neurological injury, since 
both motor and sensory disturbance can be 
caused by compartment syndrome. As assess-
ment tool, electromyography and nerve conduc-
tion velocity studies are commonly used 
assessment tools to determine the severity and 
location of injury, as well as predicting progno-
sis. However, since pathologic findings second-
ary to nerve injury are not differentiated for 
approximately 3  weeks after injury, they have 
limited value in immediate post-injury period. 
These studies are useful in subsequently 
 comparing the progress of recovery at 3 and 
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6 months and determining whether further treat-
ment is needed. Magnetic resonance imaging 
(MRI) can help to detect the presence and loca-
tion of a nerve injury, and ultrasonography helps 
to discriminate between complete and incom-
plete interruption of nerves.

Although various treatment modalities have 
been proposed, treatment of neurological injury 
in complex knee ligament injuries remains con-
troversial. These include physical therapy, neu-
rolysis, nerve repair, nerve grafting, and tendon 
transfer. Every patient with common peroneal 
nerve injury should begin to be treated with 
ankle-foot-orthosis to prevent equinovarus defor-
mity. Exploration and neurolysis is indicated if 
early surgical treatment of concomitant ligament 
injuries is planned, evidence of complete nerve 
injury is identified, or spontaneous recovery is 
unlikely. In the case of incomplete nerve injury, 
serial clinical and electro-diagnostic test can be 
performed waiting to see nerve regeneration, but 
opinions on the observation period vary between 
studies [10]. Primary nerve repair is direct end- 
to- end reanastomosis procedure performed when 
the nerve is not in continuity and the extent of 
lesion is short. However, due to the mechanism of 
injury characterized by traction or stretching of 
the nerve, the damaged nerve can be too long to 
repair without tension. If it is not feasible to 
repair damaged nerve with tension-free fashion, 
nerve graft is recommended. Tendon transfer can 
be used to restore function when all of the above-
mentioned treatments fail or are not applicable or 
in combination with other treatments. The poste-
rior tibialis tendon is the most commonly used 
tendon. Despite these various treatment modali-
ties, overall prognosis of neurological injury is 
not satisfactory. A systematic review reported 
that 87% of patients with an incomplete peroneal 
nerve injury regained full motor function, while 
38% of patients with a complete peroneal nerve 
injury regained the ability to dorsiflex the ankle 
against gravity [12]. In contrast, tibial nerve 
injury is reported to have a relatively good prog-
nosis. Kim et  al. reported that most of their 
patients (95%, 36 of 38) with tibial nerve injuries 
at knee or leg level recovered motor grade 3 or 
better function after surgical treatment [13].

17.6  Compartment Syndrome

Compartment syndrome can occur at the time of 
injury or after revascularization procedure due to 
ischemia induced by vascular injury. Incidence of 
compartment syndrome at complex knee liga-
ment injury is unclear, but one retrospective study 
reported that 16% of compartment syndrome 
occurred following multiligamentous knee injury 
[5]. When compartment syndrome is diagnosed, 
a fasciotomy should be done, and wounds are 
closed before any reconstruction of ligaments. 
Compartment syndrome can also occur after 
arthroscopic knee surgery, because capsular dis-
ruption or fascial defect can happen after com-
plex knee ligament injury. Extravasation of 
arthroscopic fluid can be a potential cause of 
compartment syndrome in arthroscopic surgery. 
Delayed arthroscopic ligament reconstruction 
until capsular and fascial healing for 1–2 weeks 
may decrease the risk of compartment syndrome. 
Low flow pump or no pump, dry arthroscopy can 
be another strategy to reduce the risk.

17.7  Miscellaneous Complications

Complications such as wound problem, complex 
regional pain syndrome, deep vein thrombosis, 
and pulmonary embolism are not the only prob-
lems found in complex knee ligament injuries. 
However, these miscellaneous complications can 
give rise to significant morbidity and they should 
be kept in mind during the treatment process for 
complex knee ligament injuries.

Wound complication can be a fatal problem 
for patients with complex knee ligament injuries 
that require a variety of surgical treatments. If the 
immediate surgical intervention is not planned, 
the surgeon should consider the proper timing of 
surgery and the location of the incision depend-
ing on the condition of the skin. In situations 
where the skin is swollen, ecchymotic, or fragile, 
it is recommended to delay the surgery until the 
skin condition improves. In particular, special 
care must be taken in the case of open knee dislo-
cation. King et al. reported that the average num-
ber of the irrigation and debridement procedure 
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per patients was 6.6 and their patients needed to 
take delayed wound closure with various meth-
ods of skin graft and muscle flap in their retro-
spective review of seven patients with open knee 
dislocation [14].

Since complex regional pain syndrome can 
occur after various situations secondary to limb 
injury such as fracture, soft tissue injury, pro-
longed immobilization, or surgical procedure, the 
occurrence of complex regional pain syndrome in 
complex knee ligament injuries must also be con-
sidered. The incidence of complex regional pain 
syndrome in complex knee ligament injuries has 
not yet been known. However, complex regional 
pain syndrome should be taken care of during 
treatment process because it can decelerate recov-
ery as it causes disproportionate pain, periarticular 
swelling of the knee, and soft tissue contracture.

Patients with complex knee ligament injuries 
are at increased risk of deep vein thrombosis or 
pulmonary embolism because of the complexity 
of the injury needing prolonged immobilization 
and surgical procedure. In analysis of Engebretsen 
et  al., on 85 cases with knee dislocation, they 
reported that there were three patients diagnosed 
with deep vein thrombosis [15]. Also, Becker 
et  al. reported that pulmonary embolism was 
found in 5% (5 of 102 patients) [5]. Hence, ade-
quate evaluation of deep vein thrombosis should 
be performed before planned surgery, and appro-
priate anticoagulant treatment should be consid-
ered throughout the treatment process, especially 
in the setting of prolonged immobilization.

17.8  Summary

There have been several studies that have inves-
tigated surgical outcomes including complica-
tions after complex knee ligament injuries. 
However, these are mostly case series, and com-
parative study with high level of evidence has 
been scarce. This rarity is due to varied heteroge-
nicity in injury mechanism of patients with com-
plex knee ligament injuries and wide range of 
surgical methods to treat these patients. Also, 
because of significantly fewer incidences of the 
complex knee ligament injuries and difficulty of 

making a prospective study, there is still a limita-
tion in reaching a concrete conclusion regarding 
management and complications in complex knee 
ligament injuries. Nevertheless, significant com-
plications in practice are common after complex 
knee ligament injuries. It is important to accu-
rately diagnose complex knee ligament injuries, 
prevent possible complications, and properly 
address complications.
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18.1  Introduction

There have been numerous treatments developed 
to address ligament injury, given the functional 
impact of such injury on lifestyle and participa-
tion in physical activities at all levels of recre-
ational and competitive endeavors. With regard to 
commonly diagnosed knee injuries, anterior cru-
ciate ligament (ACL) insufficiency is a frequently 
encountered pathology that often requires surgi-
cal treatment to restore the desired level of func-
tion. Considering that ligament injuries most 
commonly affect active individuals who tend to 
be younger, such injuries can lead to substantial 
alterations in lifestyle, and therapeutic treatments 
that restore near-anatomic function of damaged 
ligaments have the potential to overcome some of 
the shortcomings associated with current meth-

ods of reconstruction, particularly in the case of 
ACL insufficiency. The incidence of complete 
injury to the posterior cruciate ligament (PCL) is 
considerably lower than that of the ACL and is 
estimated to occur at a rate of 2 per 100,000; 
however, the prevalence of asymptomatic PCL 
injury is considered to be not ably higher [1]. 
Injury to collateral ligaments represents a signifi-
cant proportion of knee injuries that present to 
emergency rooms, and high rates of medial and 
collateral ligament injuries are associated with 
collegiate sporting activities, with many of these 
cases involving noncontact competition [2].

Despite advances in sports medicine, there 
remains controversy in the treatment of ligament 
injury, particularly when there is functional insuf-
ficiency associated with partial ligament injury. 
For instance, reconstruction of the ACL is the 
current gold standard treatment for symptomatic 
ACL insufficiency, irrespective of injury pattern, 
and high rates of return to sport are expected [3, 
4]. Disadvantages of ACL reconstruction include 
donor site morbidity, inability to restore normal 
joint kinematics, and an increased incidence of 
premature degenerative joint changes [5–8].

There are challenges associated with restoring 
anatomic function in cases of ligament injury, 
and biologic therapies have great potential to 
address some of these concerns. Therapeutic 
interventions that utilize bioactive growth factors 
and cellular elements may be used to augment 
ligament repair processes and can be used in 
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 conjunction with surgical treatment modalities. 
These biologic treatments may be a prominent 
feature of treatment algorithms as these technolo-
gies develop and understanding of reparative pro-
cesses at the cellular level advances.

18.2  Basic Science and Anatomic 
Considerations of Ligament 
Healing and Repair

The ACL and PCL receive vascular supply from 
the middle genicular artery, after branching from 
the popliteal artery. There are synovial sheath ves-
sels that are associated with the cruciate ligaments, 
as well as capsular vessels that supply the distal 
fibers of the PCL, which branch from the popliteal 
and inferior genicular arteries [9]. While the ACL 
and PCL both share blood supply arising from the 
middle genicular artery, anatomic differences in 
the vascular supply may impact the improved 
healing capacity of the PCL.  Anastomosing 
branches of the middle genicular artery and 
infrapatellar fat pad are an important vascular con-
tributor to the ACL, whereas the PCL derives a 
more direct arterial supply. Moreover, there is 
greater synovial encapsulation of the PCL.

Collateral ligaments have a greater inherent 
healing potential, and there are anatomic factors 
related to vascular supply that should be consid-
ered. Differences in the healing capabilities of 
the ACL and MCL have been examined in animal 
models that have highlighted the positive impact 
of vascular supply on the healing potential of 
these ligaments [10]. There are multiple branch-
ing vessels about the medial collateral ligament 
(MCL), and several vessels directly supply the 
ligament tissue [11, 12], whereas the vascular 
supply of the ACL consists of one or two branches 
of the middle genicular artery that course beneath 
the synovial sheath [12, 13]. The body of the 
ACL has sparse or no direct vascular supply and 
is relatively hypovascular, and this may be a 
major contributor to the reduced healing capacity 
of the ACL as a result of the diminished physio-
logic and metabolic response to injury.

There are anatomic and physiologic factors 
related to the intra- or extra-articular location of 
ligaments that impact the healing potential. 

Processes of cell signaling, migration, prolifera-
tion, and differentiation, as well as the profi-
ciency of collagen production, affect the inherent 
capacity for ligamentous repair and regeneration. 
Fibrin clot formation at the site of ligament injury 
sequesters reparative cells and provides a micro-
environment that favors healing and repair. Due 
to the intra-articular position of the ACL, the pro-
cess of fibrin clot formation is deficient, and tis-
sue repair processes are impaired. Moreover, 
circulating plasmin within the intra-articular 
space can inhibit fibrin clot formation, and syno-
vial fluid may inhibit fibroblast proliferation and 
migration [14, 15].

18.3  Growth Factors and Platelet- 
Rich Plasma (PRP) 
in Ligament Repair

Numerous bioactive substances coordinate the 
complex processes of cellular regenerative acti-
vation and response after tendon injury [16]. 
Certain growth factors are capable of directing 
cellular proliferation, migration, and differentia-
tion while also enhancing collagen production. 
Bioactive growth factors are upregulated in 
response to ligament and tendon injury and act at 
several phases of the regenerative cascade, of 
which transforming growth factor beta (TGF-β), 
insulin-like growth factor-1 (IGF-1), basic fibro-
blast growth factor (bFGF), bone morphogenetic 
protein (BMP), and vascular endothelial growth 
factor (VEGF) have been shown to have particu-
larly considerable contributions to processes crit-
ical to ligament healing [17–20]. PDGF could 
also play a significant role in the early stages of 
healing as the application of PDGF-BB has been 
shown to improve the structural composition of 
rabbit and rat ligaments [21, 22].

Platelet-rich plasma is generally defined as an 
isolate of plasma that has a concentration of 
platelets above the baseline concentration in 
whole blood. Autologous PRP can be prepared 
after venous blood extraction using a variety of 
commercially available preparation systems. 
Within platelets, there are important regulatory 
bioactive factors that coordinate processes of 
ligament repair, including cellular proliferation, 
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chemotaxis, differentiation, and deposition of 
extracellular matrix. Applying PRP to a site of 
tissue injury is performed to provide a concen-
trated release of platelet-derived growth factors 
to stimulate and augment reparative processes. 
There is variability in the protocols used for PRP 
preparation, and there is debate as to the ideal 
constituency. Plasma isolates can generally be 
categorized as platelet-poor plasma (PPP) or 
platelet-rich plasma (PRP). PRP can then be fur-
ther categorized as either leucocyte-poor platelet- 
rich plasma (LP-PRP) or leucocyte-rich 
platelet-rich plasma (L-PRP) [23]. When PRP is 
applied to injured tissue, thrombin or intra- 
articular collagen will activate the platelets, lead-
ing to sustained release of regenerative growth 
factors capable of augmenting repair processes. 
A variety of biologic growth factor preparations 
have been studied to treat ligament and tendon 
injury, and these treatments are being increas-
ingly utilized in the clinical setting [24, 25].

The application of growth factors contained 
within platelets has been studied in several ani-
mal models. TGF-β1, bone morphogenetic pro-
tein 2 (BMP2), and growth differentiation factor 
5 (GDF5) have shown increased collagen syn-
thesis and healing in response to ligament injury 
[26, 27]. There continues to be contrasting find-
ings in the literature related to the use of growth 
factors in ACL repair. The application of basic 
fibroblast growth factor (bFGF) has shown 
enhanced vascularity and ligament healing in 
cases of canine ACL injury [28], whereas other 
research examining the use of PRP for ACL 

injury in animal models has failed to demon-
strate superior ligament repair. In examining the 
clinical use of growth factors to treat ligament 
injury in humans, preliminary research has dem-
onstrated that the use of such therapy in partial 
ACL injury may enable high rates of return to 
pre- injury activity levels. There is, however, 
inconsistency in the literature, and there may be 
important differences in the expected outcome of 
biologic treatments depending on the concentra-
tion of bioactive factors, the type of ligament 
treated, and also the specific injury pattern. 
Recent work by LaPrade et al. [29] examined the 
use of PRP to treat complete MCL disruption in 
a rabbit model. While treatment with a PRP iso-
late of two times the baseline platelet concentra-
tion did not improve healing, it was actually 
found that treatment with a PRP isolate contain-
ing four times the baseline platelet concentration 
negatively impacted the quality of repair tissue 
compared to controls.

18.4  Cellular Therapy in Ligament 
Repair

Mesenchymal stem cells (MSCs) are multipotent 
cells that have an inherent self-renewal capability 
and contain a large assortment of growth factors 
that direct regenerative processes. These cells can 
be isolated from a number of readily accessible 
tissues that include the bone marrow and fat tis-
sue [30] (Fig.  18.1). There has been increasing 
interest in the clinical use of such cells in recent 

a b c

Fig. 18.1 Bone marrow aspiration from the iliac crest 
(a). Processing of bone marrow aspirate in a commer-
cially available system to isolate bone marrow aspirate 

concentrate (b). Final preparation of bone marrow aspi-
rate concentrate (BMAC) for clinical application (c)
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years due to the wide range of potential therapeu-
tic applications [31, 32]. These multipotent cel-
lular isolates have been used successfully to 
restore healthy and functional tissues for a vari-
ety of pathologies, including challenging cases of 
high- grade articular cartilage injury [33–35]. 
Therapies that utilize MSCs have the capacity to 
coordinate regenerative processes at the molecu-
lar level, and there are similar cellular character-
istics with ligament outgrowth cells that are 
important for ligament repair [6, 36]. Intra-
articular injection therapy of multipotent cells 
sourced from bone marrow aspirate concentrate 
to treat ligament injury has demonstrated 
improvement in tissue integrity according to MRI 
examination [37].

18.5  Scaffolds and Cell-Scaffold 
Composites in Ligament 
Repair

Scaffolds may be used to provide structural bio-
mechanical support to healing ligamentous tissue 
and to contain concentrations of endogenous 
cells, while extracellular matrix is deposited and 
remodeled, thereby contributing to stability of 
the repair and optimizing the local regenerative 
microenvironment. Scaffolds may be used to 
facilitate cellular proliferation and differentiation 
and can encourage growth factor attachment 
while promoting extracellular matrix production 
and remodeling into ligament repair tissue [38].

Combining cellular isolates with biologic 
scaffolding has demonstrated promising clinical 
utility in the treatment of chondral and osteo-
chondral lesions [39–42], and there are great 
potential advantages for this treatment in cases of 
ligament injury. Biologics such as PRP and MSC 
preparations contain regenerative growth factors 
and cellular elements important for ligament 
repair, and combining these bioactive isolates 
with scaffolding can provide a supportive matrix 
to facilitate cellular processes while also provid-
ing biomechanical support to the destabilized 
injured tissue. Moreover, when undertaking pri-
mary repair of injured ligament tissue, such scaf-
folding can act to protect the repair site from the 

effects of plasmin, thereby stabilizing the micro-
environment for tissue regeneration to proceed. 
Randomized controlled trials are needed to fur-
ther study the extent of expected clinical benefits 
of such techniques, as there has been limited 
critical evaluation of outcomes in human trials.

18.6  Surgical Techniques 
of Ligament Repair

There continues to be debate among clinicians 
regarding treatment of ligament injuries, particu-
larly in cases of partial tears that are associated 
with instability. Noyes et al. determined that con-
servative treatment of partial ACL injury would 
lead to complete ACL insufficiency in 50% of 
those treated where more than 50% of the liga-
ment was injured [43].

Historical data indicates that surgical repair 
of the ACL leads to a failure rate that is exces-
sively high for this method to be considered a 
preferential treatment [44, 45]. Short-term fol-
low-up in a military cohort of patients by Feagin 
demonstrated good outcomes; however, 94% of 
these cases suffered from knee instability 5 years 
postoperatively [46]. There have been cohorts of 
patients treated with primary ACL repair that 
have had successful outcomes and maintained 
knee stability long-term [45], and so it is thought 
that a subset of injury types could benefit from a 
primary repair procedure, when properly 
indicated.

Reconstruction of the ACL is widely consid-
ered the gold standard surgical treatment to 
restore stability and enable return to physical 
activity in cases of complete or partial ligament 
instability that is associated with functional lim-
itation [3, 4]. Reconstruction of the ACL is asso-
ciated with a number of complications that 
include donor site morbidity, altered proprio-
ception, bone tunnel widening, the inability to 
replicate anatomic joint kinematics, and degen-
erative changes to the articular cartilage [6–8]. 
With reconstructive methods, the incorporation 
of the graft is typically slow due to the hypovas-
cular and hypocellular characteristics of the 
graft tissue [47].
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18.6.1  Biologic Augmentation 
of Surgical Ligament Repair

Regeneration of the ACL and restored stability 
after primary repair procedures that have been aug-
mented by biologic growth factors and cellular 
therapy has been demonstrated [48–52]. 
Augmenting the healing processes of ligament 
repair with multipotent cellular elements provides 
an array of regenerative growth factors to support 
healing processes. Early methods of providing 
such augmentation have been described by 
Steadman and involved releasing marrow elements 
from the bone marrow to assist with ligament 
repair [51, 53]. Phenotypically, these cells are 
capable of great plasticity, and several methods 
have been developed to strategically isolate and 
proliferate cell lines with these capabilities to treat 
a growing number of musculoskeletal disorders, 
including ligament injury. These regenerative cells 
can be readily isolated from tissues such as bone, 
synovium, fat, muscle, connective tissue, and skin.

Our center has used bone marrow stimulation 
to augment primary repair for certain injury pat-
terns of the ACL and PCL for over a decade [54–
56] and has demonstrated in clinical series that 
partial tears of the ACL can successfully be 
treated by primary repair with biologic augmen-
tation, in lesions that are indicated appropriately 
[48, 57]. The most recent clinical outcomes after 
long-term follow-up of up to a 14-year duration 
in a series of patients who underwent treatment 
of symptomatic partial ACL injury with primary 
ligament repair with biologic augmentation dem-

onstrated good to excellent outcomes and restored 
knee stability, and these benefits were maintained 
at a high rate over the course of follow-up.

18.6.2  Preferred Technique 
of Primary ACL or PCL Repair 
with Biologic Augmentation

Patient positioning and perioperative setup are 
performed according to surgeon preference for 
ligament reconstruction. In cases where bone 
marrow aspirate concentrate (BMAC) will be 
isolated to provide biologic augmentation, the 
ipsilateral iliac crest is included in the prepared 
surgical field. Examination under anesthesia of 
the operative knee and diagnostic arthroscopy are 
performed to determine the degree of ligamen-
tous instability and to identify associated lesions 
that are treated concurrently. Partial ligament 
tears are visualized and probed while varying the 
degree of knee flexion and with the knee aligned 
in a figure-of-4 position. Jerk and Lachman tests 
are also performed during diagnostic arthroscopy 
to supplement the examination of ligament suffi-
ciency. To repair the torn ligament fibers, PDS 
no. 1 suture is passed through fibers of the distal 
stump followed by fibers of the proximal stump 
using a standard clever hook or other suture pass-
ing devices. Two or three sutures are typically 
passed, and a Duncan loop is tied to reapproxi-
mate the injured ligament tissue, thereby restor-
ing continuity and eliminating gapping between 
injured fibers (Fig. 18.2a).

a b c

Fig. 18.2 Partial anterior cruciate ligament (ACL) 
arthroscopic suture repair of torn anteromedial bundle (a). 
Microfracture of intercondylar notch to release marrow 

elements about the repair site (b). Biologic augmentation 
of primary ACL repair with clot-activated bone marrow 
aspirate concentrate (c)
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Bone marrow elements are then released by 
performing microfracture perforations within the 
intercondylar notch about the anatomic origin of 
the injured ligament (Fig. 18.2b). Careful exami-
nation of remaining tissue about the footprint 
ensures that residual ligament fibers are protected 
while performing marrow stimulation. The avail-
able reparative biologic factors are then supple-
mented with PRP or BMAC. The chosen biologic 
is isolated using a commercial system and is then 
activated with batroxobin enzyme or autologous 
thrombin to create an adhesive biologic gel. 
Intra-articular fluid is removed to provide a work-
ing space for dry arthroscopy. The biologic gel is 
then applied over and about the ligament, further 
enhancing the regenerative microenvironment 
and minimizing the effects of plasmin at the 
repair site (Fig. 18.2c). Second-look arthroscopic 
examination of primary ACL repair with biologic 
augmentation is depicted in Fig. 18.3.

18.6.3  Postoperative Rehabilitation

Mechanical stimulation is an important consid-
eration during rehabilitation and physical ther-
apy. Mechanotransduction provides stimuli to 
the cellular elements that act synergistically 
with this surgical repair technique. Bracing is 
used initially postoperatively, with continuous 
passive motion and weight bearing recom-
mended early in the rehabilitation. Running 

activities are usually allowed 3 months postop-
eratively, with more intense activities and con-
tact sports avoided until at least 4 to 5 months, 
depending on the extent of ligament repair and 
the rehabilitation progression.

18.7  Conclusion

The understanding of tissue healing processes is 
progressing at a rapid pace, and there has been 
increasing interest in treatments that are capable 
of retaining functional ligament tissue and opti-
mizing the regenerative environment, particu-
larly in cases of partial ligament injury. There 
are several important advantages of therapies 
that restore native ligament anatomy, with resto-
ration of anatomic joint kinematics being of cru-
cial importance. A number of biologic isolates 
have been developed for clinical application that 
have the potential to enhance ligament repair by 
providing growth factors and cellular elements, 
and there is also continued development of bio-
logic scaffolding that can be used in conjunction 
with biologics to sequester a regenerative micro-
environment. There has been an acceleration in 
the publication of literature that examines the 
clinical outcomes of ligament repair procedures 
over recent time. In the case of ACL insuffi-
ciency, initial findings have been most support-
ive of primary repair and biologic augmentation 
in the setting of acute, partial, and proximal 

a b

Fig. 18.3 Second-look arthroscopic examinations of healed anterior cruciate ligaments after treatment by primary 
repair and biologic augmentation depicted 4 months postoperatively (a) and 6 months postoperatively (b)
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ligament injury. This ongoing work will have 
great clinical importance in the identification 
and characterization of specific injury patterns 
that would benefit most from these regenerative 
treatments.

References

 1. Sanders TL, Pareek A, Barrett IJ, Kremers HM, 
Bryan AJ, Stuart MJ, Levy BA, Krych AJ. Incidence 
and long-term follow-up of isolated posterior cruciate 
ligament tears. Knee Surg, Sport Traumatol Arthrosc. 
2017;25:3017–23.

 2. Yawn BP, Amadio P, Harmsen WS, Hill J, Ilstrup D, 
Gabriel S. Isolated acute knee injuries in the general 
population. J Trauma. 2000;48:716–23.

 3. Gobbi A, Francisco R.  Factors affecting return to 
sports after anterior cruciate ligament reconstruc-
tion with patellar tendon and hamstring graft: a 
prospective clinical investigation. Knee Surg Sports 
Traumatol Arthrosc. 2006;14:1021–8.

 4. Gobbi A, Mahajan V, Karnatzikos G, Nakamura 
N.  Single- versus double-bundle ACL reconstruc-
tion: is there any difference in stability and func-
tion at 3-year followup? Clin Orthop Relat Res. 
2012;470:824–34.

 5. Cohen M, Amaro JT, Ejnisman B, Carvalho RT, 
Nakano KK, Peccin MS, Teixeira R, Laurino CFS, 
Abdalla RJ.  Anterior cruciate ligament recon-
struction after 10 to 15 years: association between 
meniscectomy and osteoarthrosis. Arthroscopy. 
2007;23:629–34.

 6. Gobbi A, Domzalski M, Pascual J, Zanazzo 
M.  Hamstring anterior cruciate ligament recon-
struction: is it necessary to sacrifice the gracilis? 
Arthroscopy. 2005;21:275–80.

 7. Kartus J, Movin T, Karlsson J. Donor-site morbidity 
and anterior knee problems after anterior cruciate lig-
ament reconstruction using autografts. Arthroscopy. 
2001;17:971–80.

 8. Lohmander LS, Englund PM, Dahl LL, Roos 
EM. The long-term consequence of anterior cruciate 
ligament and meniscus injuries: osteoarthritis. Am J 
Sports Med. 2007;35:1756–69.

 9. Vladimirov B. Arterial sources of blood supply of the 
knee-joint in man. Nauchni Tr Vissh Med Inst Sofiia. 
1968;47:1–10.

 10. Bray RC, Leonard CA, Salo PT.  Vascular physiol-
ogy and long-term healing of partial ligament tears. J 
Orthop Res. 2002;20:984–9.

 11. Bray RC, Fisher AW, Frank CB.  Fine vascular 
anatomy of adult rabbit knee ligaments. J Anat. 
1990;172:69–79.

 12. Wallace CD, Amiel D.  Vascular assessment of the 
periarticular ligaments of the rabbit knee. J Orthop 
Res. 1991;9:787–91.

 13. Arnoczky SP.  Blood supply to the anterior cruci-
ate ligament and supporting structures. Orthop Clin 
North Am. 1985;16:15–28.

 14. Andrish J, Holmes R.  Effects of synovial fluid on 
fibroblasts in tissue culture. Clin Orthop Relat Res. 
1979:279–83.

 15. Rość D, Powierza W, Zastawna E, Drewniak W, 
Michalski A, Kotschy M.  Post-traumatic plasmino-
genesis in intraarticular exudate in the knee joint. Med 
Sci Monit. 2002;8:CR371–8.

 16. Andia I, Sanchez M, Maffulli N. Tendon healing and 
platelet-rich plasma therapies. Expert Opin Biol Ther. 
2010;10:1415–26.

 17. Chen CH, Cao Y, Wu YF, Bais AJ, Gao JS, 
Tang JB.  Tendon healing in  vivo: gene expres-
sion and production of multiple growth factors 
in early tendon healing period. J Hand Surg Am. 
2008;33:1834–42.

 18. Kobayashi M, Itoi E, Minagawa H, Miyakoshi 
N, Takahashi S, Tuoheti Y, Okada K, Shimada 
Y. Expression of growth factors in the early phase of 
supraspinatus tendon healing in rabbits. J Shoulder 
Elb Surg. 2006;15:371–7.

 19. Molloy T, Wang Y, Murrell G.  The roles of growth 
factors in tendon and ligament healing. Sports Med. 
2003;33:381–94.

 20. Würgler-Hauri CC, Dourte LM, Baradet TC, 
Williams GR, Soslowsky LJ.  Temporal expres-
sion of 8 growth factors in tendon-to-bone healing 
in a rat supraspinatus model. J Shoulder Elb Surg. 
2007;16:S198–203.

 21. Batten ML, Hansen JC, Dahners LE.  Influence of 
dosage and timing of application of platelet-derived 
growth factor on early healing of the rat medial col-
lateral ligament. J Orthop Res. 1996;14:736–41.

 22. Lee J, Harwood FL, Akeson WH, Amiel D. Growth 
factor expression in healing rabbit medial collat-
eral and anterior cruciate ligaments. Iowa Orthop J. 
1998;18:19–25.

 23. Dohan Ehrenfest DM, Rasmusson L, Albrektsson 
T.  Classification of platelet concentrates: from pure 
platelet-rich plasma (P-PRP) to leucocyte- and 
platelet-rich fibrin (L-PRF). Trends Biotechnol. 
2009;27:158–67.

 24. Gobbi A, Whyte GP.  Emerging orthobiologic 
approaches to ligament injury. In:  Bio-orthopaedics. 
Berlin, Heidelberg: Springer; 2017. p. 313–24.

 25. Whyte GP, Gobbi A, Lane JG (2018) The role of 
orthobiologics in return to play. Return to play in foot-
ball Springer, Berlin, Heidelberg, pp 273–282.

 26. Aspenberg P, Forslund C.  Enhanced tendon healing 
with GDF 5 and 6. Acta Orthop Scand. 1999;70:51–4.

 27. Marui T, Niyibizi C, Georgescu HI, Cao M, 
Kavalkovich KW, Levine RE, Woo SL.  Effect of 
growth factors on matrix synthesis by ligament fibro-
blasts. J Orthop Res. 1997;15:18–23.

 28. Kobayashi D, Kurosaka M, Yoshiya S, Mizuno 
K.  Effect of basic fibroblast growth factor on the 
healing of defects in the canine anterior cruciate 

18 Future Trends in Ligament Surgery: The Role of Biology



208

ligament. Knee Surg Sports Traumatol Arthrosc. 
1997;5:189–94.

 29. LaPrade RF, Goodrich LR, Phillips J, Dornan GJ, 
Turnbull TL, Hawes ML, Dahl KD, Coggins AN, 
Kisiday J, Frisbie D, Chahla J.  Use of platelet-rich 
plasma immediately after an injury did not improve 
ligament healing, and increasing platelet concentra-
tions was detrimental in an in vivo animal model. Am 
J Sport Med. 2018;46:702–12.

 30. Gobbi A, de Girolamo L, Whyte GP, Sciarretta 
FV.  Clinical applications of adipose tissue-derived 
stem cells. In:  Bio-orthopaedics. Berlin, Heidelberg: 
Springer; 2017. p. 553–9.

 31. Gobbi A, Karnatzikos G, Scotti C, Mahajan V, 
Mazzucco L, Grigolo B.  One-step cartilage repair 
with bone marrow aspirate concentrated cells and col-
lagen matrix in full-thickness knee cartilage lesions: 
results at 2-year follow-up. Cartilage. 2011;2:286–99.

 32. Gobbi A, Scotti C, Karnatzikos G, Mudhigere A, 
Castro M, Peretti GM. One-step surgery with multi-
potent stem cells and Hyaluronan-based scaffold for 
the treatment of full-thickness chondral defects of the 
knee in patients older than 45 years. Knee Surg Sports 
Traumatol Arthrosc. 2017;25:2494–501.

 33. Gobbi A, Espregueira-Mendes J, Karahan M, Cohen 
M, Whyte GP. Osteochondritis dissecans of the knee 
in football players. In:  Injuries and health prob-
lems in football. Berlin, Heidelberg: Springer; 2017. 
p. 189–200.

 34. Gobbi A, Whyte GP. Osteochondritis dissecans: path-
oanatomy, classification, and advances in biologic 
surgical treatment. In:  Bio-orthopaedics. Berlin, 
Heidelberg: Springer; 2017. p. 489–501.

 35. Whyte GP, Gobbi A. Biologic knee Arthroplasty for 
cartilage injury and early osteoarthritis. In:  Bio- 
orthopaedics. Berlin, Heidelberg: Springer; 2017. 
p. 517–25.

 36. Steinert AF, Kunz M, Prager P, Barthel T, Jakob 
F, Nöth U, Murray MM, Evans CH, Porter 
RM. Mesenchymal stem cell characteristics of human 
anterior cruciate ligament outgrowth cells. Tissue Eng 
Part A. 2011;17:1375–88.

 37. Centeno CJ, Pitts J, Al-Sayegh H, Freeman 
MD. Anterior cruciate ligament tears treated with per-
cutaneous injection of autologous bone marrow nucle-
ated cells: a case series. J Pain Res. 2015;8:437–47.

 38. Liu Y, Ramanath HS, Wang D-A. Tendon tissue engi-
neering using scaffold enhancing strategies. Trends 
Biotechnol. 2008;26:201–9.

 39. Gobbi A, Whyte GP. One-stage cartilage repair using 
a hyaluronic acid-based scaffold with activated bone 
marrow-derived mesenchymal stem cells compared 
with microfracture: five-year follow-up. Am J Sports 
Med. 2016;44:2846–54.

 40. Sadlik B, Gobbi A, Puszkarz M, Klon W, Whyte 
GP.  Biologic inlay osteochondral reconstruction: 
arthroscopic one-step osteochondral lesion repair 
in the knee using morselized bone grafting and 

hyaluronic acid-based scaffold embedded with 
bone marrow aspirate concentrate. Arthrosc Tech. 
2017;6:e383–9.

 41. Sadlik B, Kolodziej L, Puszkarz M, Laprus H, Mojzesz 
M, Whyte GP. Surgical repair of osteochondral lesions 
of the talus using biologic inlay osteochondral recon-
struction: clinical outcomes after treatment using a 
medial malleolar osteotomy approach compared to an 
arthroscopically-assisted approach. Foot Ankle Surg. 
2018;

 42. Whyte GP, Gobbi A, Sadlik B.  Dry arthroscopic 
single-stage cartilage repair of the knee using a 
hyaluronic acid-based scaffold with activated bone 
marrow- derived mesenchymal stem cells. Arthrosc 
Tech. 2016;5:e913–8.

 43. Noyes FR, Mooar LA, Moorman CT, McGinniss 
GH.  Partial tears of the anterior cruciate ligament. 
Progression to complete ligament deficiency. J Bone 
Joint Surg Br. 1989;71:825–33.

 44. Strand T, Mølster A, Hordvik M, Krukhaug Y. Long- 
term follow-up after primary repair of the anterior 
cruciate ligament: clinical and radiological evaluation 
15–23 years postoperatively. Arch Orthop Trauma 
Surg. 2005;125:217–21.

 45. Taylor DC, Posner M, Curl WW, Feagin JA. Isolated 
tears of the anterior cruciate ligament: over 30-year 
follow-up of patients treated with arthrotomy and pri-
mary repair. Am J Sports Med. 2009;37:65–71.

 46. Feagin JA, Curl WW. Isolated tear of the anterior cru-
ciate ligament: five-year follow-up study. J Orthop 
Sport Phys Ther. 1990;12:232–6.

 47. Liu C-F, Aschbacher-Smith L, Barthelery NJ, Dyment 
N, Butler D, Wylie C. What we should know before 
using tissue engineering techniques to repair injured 
tendons: a developmental biology perspective. Tissue 
Eng Part B Rev. 2011;17:165–76.

 48. Gobbi A, Bathan L, Boldrini L. Primary repair com-
bined with bone marrow stimulation in acute anterior 
cruciate ligament lesions: results in a group of ath-
letes. Am J Sports Med. 2009;37:571–8.

 49. Kaplan N, Wickiewicz TL, Warren RF. Primary surgi-
cal treatment of anterior cruciate ligament ruptures. 
A long-term follow-up study. Am J Sports Med. 
1990;18:354–8.

 50. Sherman MF, Lieber L, Bonamo JR, Podesta L, Reiter 
I. The long-term followup of primary anterior cruci-
ate ligament repair. Defining a rationale for augmen-
tation. Am J Sports Med. 1991;19:243–55.

 51. Steadman JR, Cameron-Donaldson ML, Briggs 
KK, Rodkey WG.  A minimally invasive technique 
(“healing response”) to treat proximal ACL inju-
ries in skeletally immature athletes. J Knee Surg. 
2006;19:8–13.

 52. Steadman JR, Rodkey WG. Role of primary anterior 
cruciate ligament repair with or without augmenta-
tion. Clin Sports Med. 1993;12:685–95.

 53. Steadman JR, Matheny LM, Briggs KK, Rodkey 
WG, Carreira DS.  Outcomes following healing 

G. P. Whyte et al.



209

response in older, active patients: a primary ante-
rior cruciate ligament repair technique. J Knee Surg. 
2012;25:255–60.

 54. Gobbi A, Whyte GP. Biological augmentation in acute 
ACL repair. In:  Bio-orthopaedics. Berlin, Heidelberg: 
Springer; 2017. p. 325–35.

 55. Gobbi A, Whyte GP, Karnatzikos G.  Acute ACL 
rupture: a biological approach through primary ACL 
repair and augmentation with bone marrow stimula-
tion and growth factor injection. In:  Controversies in 

the technical aspects of ACL reconstruction. Berlin, 
Heidelberg: Springer; 2017. p. 135–44.

 56. Whyte GP, Gobbi A, Szwedowski D.  Partial ante-
rior cruciate ligament lesions: a biological approach 
to repair. In:  Bio-orthopaedics. Berlin, Heidelberg: 
Springer; 2017. p. 665–70.

 57. Gobbi A, Karnatzikos G, Sankineani SR, Petrera 
M. Biological augmentation of ACL refixation in par-
tial lesions in a group of athletes: results at the 5-year 
follow-up. Tech Orthop. 2013;28:180–4.

18 Future Trends in Ligament Surgery: The Role of Biology



C1© ISAKOS 2019 
F. Margheritini et al. (eds.), Complex Knee Ligament Injuries, 
https://doi.org/10.1007/978-3-662-58245-9_19

Correction to: Acute Knee 
Dislocations

Conor I. Murphy, Philip P. Roessler, 
Tracye J. Lawyer, and Volker Musahl

 Correction to: 
Chapter 11 in: F. Margheritini et al. (eds.), Complex Knee Ligament Injuries, 
https://doi.org/10.1007/978-3-662-58245-9_11

Dr. Philip P. Roessler’s name had been missed out in chapter 11. The authors’ name has now been 
updated.

C. I. Murphy · P. P. Roessler · T. J. Lawyer  
V. Musahl (*) 
Department of Orthopaedic Surgery, University of 
Pittsburgh, Pittsburgh, PA, USA
e-mail: murphyci@upmc.edu; musahlv@upmc.edu

The updated online version of this chapter can be found at 
https://doi.org/10.1007/978-3-662-58245-9_11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-58245-9_19&domain=pdf
mailto:murphyci@upmc.edu
mailto:musahlv@upmc.edu

	Acknowledgments
	Contents
	Part I: Management
	1: Knee Dislocations: Classification and Treatment Algorithm
	1.1	 Introduction
	1.2	 Classification
	1.3	 Treatment Algorithm and Its Rationale
	1.3.1	 Acute Knee Dislocations
	1.3.1.1	 Emergency Surgical Intervention in the Acute Dislocated Knee
	1.3.1.2	 Approach in Knee Dislocations Associated with Vascular Injuries
	1.3.1.3	 Approach in Knee Dislocations Associated with Peroneal Nerve Injury
	1.3.1.4	 Elective Surgical Intervention in the Acute and Subacute Phase After Knee Dislocations
	Operative Versus Nonoperative
	Early Versus Late Surgery
	Repair Versus Reconstruction
	Early Simultaneous Repair Versus Staged Repair and Reconstruction


	1.3.2	 Knee Chronic Dislocations and Multiple Ligament Instability

	References

	2: Management in the Emergency Room
	2.1	 Introduction
	2.2	 History and Physical Examination
	2.3	 Vascular Examination
	2.3.1	 Neurologic Examination

	2.4	 Plain X-Rays
	2.4.1	 Reduction of the Dislocation

	2.5	 Examination of Knee Stability
	2.6	 Emergent Surgery
	References

	3: An Advanced Device for Multiplanar Instability Assessment in MRI
	3.1	 Introduction
	3.2	 Diagnosis of Multiligament Knee Injuries
	3.3	 Porto-Knee Testing Device (PKTD)
	3.3.1	 Porto-Knee Testing Device: Standard Operation Protocol
	3.3.2	 PKTD Results
	3.3.3	 PKTD Possible Applications

	References

	4: Surgical Timing in Combined Ligamentous Injuries
	4.1	 Introduction
	4.2	 Classification
	4.3	 Evaluation: Acute Management
	4.4	 Vascular Status: Management
	4.5	 Neurologic Status: Management
	4.6	 Imaging
	4.7	 Physical Evaluation
	4.7.1	 Nonoperative Treatment
	4.7.2	 Surgical Timing
	4.7.3	 Order of Ligament Fixation
	4.7.4	 Author’s Suggested Protocol in Complex Cases (KD-IV and KD-V)
	4.7.5	 Clinical Case

	References


	Part II: Surgical Techniques
	5: Traumatic Knee Injuries
	5.1	 Patella Dislocation
	5.1.1	 Background
	5.1.2	 Symptoms
	5.1.3	 Diagnosis
	5.1.4	 Imaging
	5.1.5	 Treatment
	5.1.6	 Take-Home Message
	5.1.7	 Treatment Algorithm
	5.1.8	 Facts

	5.2	 Meniscus Injury
	5.2.1	 Background
	5.2.2	 Symptoms
	5.2.3	 Diagnosis
	5.2.4	 Imaging
	5.2.5	 Treatment
	5.2.6	 Take-Home Message
	5.2.7	 Diagnosis Algorithm for Acute Meniscal Injuries
	5.2.8	 Diagnosis Algorithm for Chronic Meniscal Injuries
	5.2.9	 Treatment Algorithm
	5.2.10	 Facts

	5.3	 ACL Injury
	5.3.1	 Background
	5.3.2	 Symptoms
	5.3.3	 Diagnosis
	5.3.4	 Imaging
	5.3.5	 Treatment
	5.3.6	 Take-Home Message
	5.3.7	 Treatment Algorithm
	5.3.8	 Facts

	5.4	 PCL Injury
	5.4.1	 Background
	5.4.2	 Symptoms
	5.4.3	 Diagnosis
	5.4.4	 Imaging
	5.4.5	 Treatment
	5.4.6	 Take-Home Message
	5.4.7	 Treatment Algorithm
	5.4.8	 Facts

	5.5	 MCL Injury
	5.5.1	 Background
	5.5.2	 Symptoms
	5.5.3	 Diagnosis
	5.5.4	 Imaging
	5.5.5	 Treatment
	5.5.6	 Take-Home Message
	5.5.7	 Treatment Algorithm

	5.6	 LCL Injury/Posterolateral Corner Injury
	5.6.1	 Background
	5.6.2	 Symptoms
	5.6.3	 Diagnosis
	5.6.4	 Imaging
	5.6.5	 Treatment
	5.6.6	 Take-Home Message
	5.6.7	 Treatment Algorithm

	5.7	 Multi-Ligament Injury
	5.8	 Quadriceps Tendon and Patellar Ligament Rupture
	5.8.1	 Background
	5.8.2	 Symptoms
	5.8.3	 Diagnosis
	5.8.4	 Imaging
	5.8.5	 Treatment
	5.8.6	 Treatment Algorithm

	References

	6: ACL + Anterolateral Capsular Injuries: Extra-articular Procedures in Combination with ACL Reconstruction
	6.1	 Introduction
	6.2	 Anatomy and Biomechanics
	6.3	 Indications and Contraindications
	6.3.1	 Indications
	6.3.2	 Contraindications

	6.4	 The History of Extra-articular Procedures
	6.4.1	 Isolated Extra-articular Procedures
	6.4.2	 Combined Extra-articular Procedures
	6.4.3	 Anterolateral Ligament Reconstruction

	6.5	 Personal Technique
	6.6	 Conclusions
	References

	7: Clinical Applications for Combined MCL and PCL Injury
	7.1	 Introduction
	7.2	 Anatomy
	7.2.1	 The Medial Collateral Ligament
	7.2.2	 Posterior Cruciate Ligament

	7.3	 Biomechanics
	7.3.1	 Medial Collateral Ligament
	7.3.2	 Posterior Cruciate Ligament

	7.4	 Diagnosis
	7.5	 Treatment
	7.6	 Clinical Outcomes
	7.6.1	 PCL Isolated
	7.6.2	 PCL Combined

	7.7	 Conclusions
	References

	8: Management of Complex Knee Injuries: How to Manage Combined Posterior Cruciate Ligament and Posterolateral Corner Injuries
	8.1	 Introduction
	8.2	 Anatomy
	8.3	 Patient History
	8.4	 Physical Examination
	8.5	 Diagnostics Studies
	8.6	 Classification
	8.7	 Treatment
	8.8	 Rehabilitation
	8.9	 Outcome
	8.10	 Conclusion
	References

	9: ACL-PCL Lesions
	9.1	 Surgical Technique
	9.1.1	 Position, Physical Examination, and Imaging
	9.1.2	 Graft Selection and Preparation
	9.1.3	 Arthroscopic Reconstruction
	9.1.4	 Final Graft Fixation
	9.1.5	 Postoperative Rehabilitation

	References

	10: Management of Combined Anterior Cruciate Ligament and Posterolateral Corner Injury of the Knee
	10.1	 Introduction
	10.2	 Epidemiology
	10.3	 Anatomy
	10.3.1	 The Fibular Collateral Ligament (FCL)
	10.3.2	 Popliteus Tendon (PLT)
	10.3.3	 Popliteofibular Ligament (PFL)
	10.3.4	 Secondary Stabilizers

	10.4	 Biomechanics
	10.5	 Diagnoses/Evaluation
	10.5.1	 Injury Mechanism
	10.5.2	 Clinical Evaluation
	10.5.3	 Radiological Evaluation
	10.5.4	 Complications

	10.6	 Classification
	10.7	 Treatment Rationale and Management
	10.7.1	 Operative Versus Nonoperative Treatment
	10.7.2	 Repair Versus Reconstruction Techniques

	10.8	 Surgical Repair
	10.9	 Reconstruction Treatments
	10.9.1	 Modified Larson Technique
	10.9.2	 LaPrade Technique [35, 36]

	10.10	 Postoperative Rehabilitation
	10.11	 Conclusion
	References

	11: Acute Knee Dislocations
	11.1	 Epidemiology and Injury Mechanism
	11.2	 Classification
	11.3	 Concomitant Injuries
	11.3.1	 Vascular Injuries
	11.3.2	 Nerve Injuries

	11.4	 Assessment
	11.4.1	 Reduction
	11.4.2	 Clinical Exam
	11.4.3	 Radiographic Assessment (Immediate)

	11.5	 Initial Stabilization (Operative Versus Non-operative)
	11.6	 Surgical Management and Technique
	11.6.1	 Graft Selection
	11.6.2	 PCL Reconstruction
	11.6.3	 ACL Reconstruction
	11.6.4	 Posterolateral Reconstruction (Fibular-Based)
	11.6.5	 Posteromedial Reconstruction (MCL and PMC)
	11.6.5.1	 Summary: Order of Surgical Steps [19]
	11.6.5.2	 Postoperative Rehabilitation [18]
	11.6.5.3	 Criterion-Based Rehabilitation Progression.


	References

	12: Chronic Knee Dislocations
	12.1	 Introduction
	12.2	 Case Presentation
	12.3	 Preoperative Evaluation
	12.4	 Operating Room Setup
	12.5	 Surgical Technique
	12.6	 Postoperative Rehabilitation Protocol
	References


	Part III: Specific Scenario
	13: Fractures Associated with Knee Ligamentous Injury
	13.1	 Introduction
	13.2	 Epidemiology
	13.3	 Soft Tissue Knee Injury and Associated Fractures
	13.3.1	 Segond Fracture
	13.3.2	 Reverse Segond Fracture
	13.3.3	 Anterior Cruciate Ligament Avulsion
	13.3.4	 Posterior Cruciate Ligament Avulsion
	13.3.5	 Impaction Fractures
	13.3.6	 Fibular Head Avulsions
	13.3.7	 Fractures Associated with Patella Dislocation
	13.3.8	 Osteochondral Fractures

	13.4	 Fractures and Associated Soft Tissue Injury
	13.4.1	 Femoral Fractures
	13.4.2	 Tibial Fractures
	13.4.3	 Patellar Fractures
	13.4.4	 Fractures Remote to the Knee

	13.5	 Surgical Timing, Rationale, and Order of Fixation
	13.6	 Conclusion
	References

	14: Osteotomy in Chronic Complex Ligament Injuries
	14.1	 Introduction and Indications
	14.2	 Preoperative Planning
	14.3	 Surgical Techniques
	14.3.1	 Patient Positioning
	14.3.2	 Arthroscopy and Knee Evaluation
	14.3.2.1	 Medial Opening Wedge High Tibial Osteotomy
	14.3.2.2	 Lateral Closing Wedge High Tibial Osteotomy
	14.3.2.3	 Lateral Opening Wedge Distal Femoral Osteotomy
	14.3.2.4	 Lateral Opening Wedge Proximal Tibial Osteotomy
	14.3.2.5	 Medial Closing Wedge Distal Femoral Osteotomy

	14.3.3	 Postoperative Regimen

	14.4	 Discussion
	References

	15: Complex Knee Injuries in Young Patients
	15.1	 Conduct
	15.2	 Classification
	15.2.1	 KD I
	15.2.2	 KD II
	15.2.3	 KD III
	15.2.4	 KD III (M)
	15.2.5	 KD III (L)
	15.2.6	 KD IV
	15.2.7	 KD V

	15.3	 Conclusion
	References

	16: Knee Dislocation in Athletes
	16.1	 Introduction
	16.1.1	 Anatomy
	16.1.2	 Classification
	16.1.3	 Mechanism of Injury
	16.1.4	 Evaluation
	16.1.4.1	 General Considerations
	16.1.4.2	 Physical Examination
	16.1.4.3	 Closed Reduction
	16.1.4.4	 Vascular Examination
	16.1.4.5	 Neurologic Examination
	16.1.4.6	 Ligament Examination
	16.1.4.7	 Imaging

	16.1.5	 Treatment
	16.1.5.1	 Arterial Injuries

	16.1.6	 Ligament Injuries
	16.1.6.1	 General Considerations

	16.1.7	 Surgical Technique
	16.1.7.1	 Anesthesia and Room Setup
	16.1.7.2	 Diagnostic Arthroscopy
	16.1.7.3	 Ligament Repair or Reconstruction

	16.1.8	 Posterior Cruciate Ligament
	16.1.8.1	 Repair
	16.1.8.2	 Reconstruction
	16.1.8.3	 Anterior Cruciate Ligament Reconstruction
	16.1.8.4	 Lateral Collateral Ligament/Posterolateral Corner
	16.1.8.5	 Medial Collateral Ligament/Posteromedial Corner
	16.1.8.6	 Postoperative Rehabilitation
	16.1.8.7	 Outcomes


	16.2	 Conclusion
	References

	17: Complications in Complex Knee Ligament Injuries
	17.1	 Introduction
	17.2	 Persistent Instability
	17.3	 Arthrofibrosis
	17.4	 Vascular Injury
	17.5	 Neurological Injury
	17.6	 Compartment Syndrome
	17.7	 Miscellaneous Complications
	17.8	 Summary
	References

	18: Future Trends in Ligament Surgery: The Role of Biology
	18.1	 Introduction
	18.2	 Basic Science and Anatomic Considerations of Ligament Healing and Repair
	18.3	 Growth Factors and Platelet-Rich Plasma (PRP) in Ligament Repair
	18.4	 Cellular Therapy in Ligament Repair
	18.5	 Scaffolds and Cell-Scaffold Composites in Ligament Repair
	18.6	 Surgical Techniques of Ligament Repair
	18.6.1	 Biologic Augmentation of Surgical Ligament Repair
	18.6.2	 Preferred Technique of Primary ACL or PCL Repair with Biologic Augmentation
	18.6.3	 Postoperative Rehabilitation

	18.7	 Conclusion
	References


	Correction to: Acute Knee Dislocations
	Correction to:


