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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 
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 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
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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-

P. Herickhoff and M. Safran



185

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 

16 Knee Dislocation in Athletes



186

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 

P. Herickhoff and M. Safran



191

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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