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A dislocated knee with tearing of

both cruciate ligaments and one or

both of the collateral ligaments is a

severe injury that can result from

high- or low-energy trauma. The

frequency of popliteal artery injuries

during knee dislocation has been re-

ported to range from 14% to 65%.

Nerve injuries, associated fractures,

other structural injuries, functional

instability, and posttraumatic arthro-

sis all can occur with this injury

complex1,2 (Figure 1).

Classification
Knee dislocations can be classified

based on the direction of tibial dis-

placement, the anatomic structures

injured, open or closed injury status,

and the energy level associated with

the knee dislocation.3 The direction

of tibial displacement generally is de-

scribed as anterior, posterior, lateral,

medial, or rotary; further subdivisions

are anteromedial, posteromedial, an-

terolateral, and posterolateral. A

classification system was proposed

based on the type of ligamentous dis-

ruption and the presence or absence

of an associated articular fracture4

(Table 1).

Mechanism of Injury
Hyperextension of the tibiofemoral

joint leads to anterior tibiofemoral

dislocation. This mechanism may

stretch the popliteal artery and lead

to intimal arterial damage, delayed

thrombus formation, and ultimate

arterial occlusion. The “dashboard-

knee” mechanism of injury causes

abrupt posterior tibial dislocation

with the knee at 90° of flexion and

may result in arterial transaction.

Tibiofemoral dislocation caused by a

varus force may cause peroneal

nerve injury; such varus force pro-

duces posterior, posterolateral, or

medial knee dislocation.1-3
*Gregory C. Fanelli, MD or the department with which he is affiliated has received royalties from Biomet Sports
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Abstract
A dislocated knee with tearing of both cruciate ligaments and one or both of the collater-

al ligaments is a severe injury that can result from high- or low-energy trauma. Vascu-

lar injuries (especially of the popliteal artery), nerve injuries, associated fractures, func-

tional instability, and posttraumatic arthrosis all can occur with this injury complex.

Most of these ligament injuries require surgical treatment, although some low-grade me-

dial collateral ligament complex injuries can be treated with bracing. The timing of sur-

gical treatment of acute multiple ligament injuries depends on the ligaments injured, the

vascular status and skin condition of the injured extremity, the degree of knee instabil-

ity, and the patient’s overall health. It is important to correct all components of instabil-

ity. Delaying reconstruction for 2 to 3 weeks may decrease the incidence of arthrofibro-

sis. Allograft tissue generally is preferred for these complex surgical procedures.

Currently, there is no conclusive evidence that double-bundle posterior cruciate ligament

reconstruction provides better results than single-bundle posterior cruciate ligament re-

construction in the knee with injuries to multiple ligaments.
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Initial Evaluation
Initial evaluation of a knee with

acute anterior cruciate ligament

(ACL) and posterior cruciate liga-

ment (PCL) injuries includes evalu-

ating the deformity, locating the

abrasions or contusions, and deter-

mining the neurovascular status of

the extremity and the presence or

absence of a dimple sign. The pres-

ence of normal pulses, normal Dop-

pler studies, and normal capillary re-

fill after reduction of the knee

dislocation does not guarantee the

absence of vascular injury. Serial

physical examinations, ankle-

brachial indices, or arteriography

must be used as necessary to docu-

ment intact arterial circulation to the

injured lower extremity.5-20

Physical examination of a knee

with ACL and PCL injuries will

show abnormal anteroposterior tib-

iofemoral laxity at 30° and 90° of

knee flexion, the pivot shifting phe-

nomenon will be present, the tibial

step-off will be negative, the poste-

rior drawer test will be positive, and

abnormal varus and/or valgus laxity

will be present at full extension and

30° of knee flexion.

Imaging studies include plain ra-

diographs, MRIs, arteriograms, and

venograms. Indications for immedi-

ate surgery include an irreducible

dislocation, vascular injury, com-

partment syndrome, inability to

maintain reduction, and open dislo-

cations.

Treatment
The current consensus is that surgical

treatment of the multiligament-

injured knee yields better results than

nonsurgical treatment.21-26 Technical

advancements in the procurement,

processing, and use of allograft tissue,

arthroscopic surgical instruments, and

graft fixation methods; improved sur-

gical techniques; and a better under-

standing of the ligamentous struc-

tures and the biomechanics of the

knee have led to more predictable and

successful results in the treatment

of these complex knee injuries. Vari-

ous studies have reported excellent

results with the return to a prein-

jury level of function documented

with physical examination findings,

arthrometer measurements, knee

ligament rating scales, and stress

radiography.2,23,27-33

Surgical Timing
The timing of surgery for treating

multiple acute knee ligament inju-

ries depends on the vascular status

of the involved extremity, the sever-

ity of injury to the collateral liga-

ments, the degree of instability, and

postreduction stability. Delayed

(2 to 3 weeks) or staged reconstruc-

tion after injury has demonstrated a

lower incidence of arthrofibrosis

than immediate surgery.31,32

Surgical timing in acute com-

bined ACL and PCL lateral-side in-

juries depends on the lateral-side

classification34 (Table 2). Arthro-

scopic combined ACL and PCL re-

construction with lateral-side repair

and reconstruction can be done

within 2 to 3 weeks after injury in

knees with types A and B lateral pos-

terolateral instability. Type C lateral

posterolateral instability combined

with ACL and PCL tears is often

treated with staged reconstruction.

The lateral posterolateral repair and

reconstruction is performed within

the first week after injury, followed

by arthroscopic combined ACL and

PCL reconstruction 3 to 6 weeks

later.

Surgical timing in acute ACL and

PCL medial-side injuries depends

on the medial-side classification35

(Table 3). Some medial-side injuries

will heal with 4 to 6 weeks of brace

treatment, if the tibiofemoral joint is

reduced in all planes. Other medial-

side injuries require surgical inter-

vention. Types A and B medial-side

injuries are repaired and recon-

Table 1
Classification of Knee Dislocation (KD) Based on Extent of Ligamentous Injury

Class Ligamentous injury

KDI PCL-intact knee dislocation, usually ACL and LCL torn; also includes
ACL-intact knee dislocation with complete PCL tear

KDII ACL and PCL torn, collaterals intact

KDIIIM ACL, PCL, and MCL-corner torn, lateral side intact

KDIIIL ACL, PCL, and LCL-corner torn, medial side intact

KDIV All four ligaments torn

PCL = posterior cruciate ligament, ACL = anterior cruciate ligament, LCL = lateral collateral ligament,
MCL = medial collateral ligament
(Reproduced from Schenck RC Jr, Hunter RE, Ostrum RF, Perry CR: Knee dislocations. Instr Course Lect
1999;48:515-522.)

Figure 1 Patellar tendon avulsion in a
patient with a dislocated knee. Injuries
included ACL, PCL, posterolateral, pos-
teromedial, and lateral meniscus tears.
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structed as a single-stage procedure,

combined with arthroscopic ACL

and PCL reconstruction. Type C

medial-side injuries combined with

ACL and PCL tears often are treated

with a single-stage or staged recon-

struction. If a staged reconstruction

is done, the posteromedial repair or

reconstruction is done within the

first week after injury, followed by

arthroscopic combined ACL and

PCL reconstruction 3 to 6 weeks

later.1-3,32,35,36

Surgical timing may be affected

by factors beyond the surgeon’s

control and may cause surgical treat-

ment to be performed either earlier

or later than is optimal. Factors that

can affect surgical timing include

the vascular status of the injured ex-

tremity, an open injury, instability

after reduction of the dislocation,

poor skin conditions, multiple sys-

tem injuries, other orthopaedic in-

juries, and meniscal and articular

surface injuries.1,2

Patients with chronic bicruciate

ligament knee injuries often have

progressive functional instability

and possibly some degree of post-

traumatic arthrosis. Treatment deci-

sions require identifying all struc-

tural injuries, which can include

ligament and meniscal injuries,

bony malalignment, articular sur-

face injuries, and gait abnormalities.

Surgical procedures may include

proximal tibial or distal femoral os-

teotomy, ligament reconstruction,

meniscal transplant, and osteochon-

dral grafting.

Graft Selection
The authors’ preferred graft for

PCL reconstruction is the Achilles

tendon allograft for single-bundle

reconstructions and Achilles tendon

and tibialis anterior allograft for

double-bundle reconstructions. For

ACL reconstructions, on Achilles

tendon allograft or other allograft is

preferred. For posterolateral corner

injuries, allograft reconstruction is

combined with a primary repair or a

posterolateral capsular shift proce-

dure. The preferred method for

MCL and posteromedial recon-

structions is a primary repair and/or

posteromedial capsular advance-

ment with allograft supplementa-

tion as needed.

Combined PCL and
ACL Reconstruction:
Surgical Technique
The principles of reconstruction in

the multiligament-injured knee are

to identify and treat all pathology,

ensure accurate tunnel placement

and anatomic graft insertion sites,

use strong graft material, obtain se-

cure graft fixation, and institute a

deliberate postoperative rehabilita-

tion program.37-39

The allograft tissue is prepared,

and arthroscopic instruments are

placed with the inflow in the su-

perolateral portal, the arthroscope in

the inferolateral patellar portal, and

the instruments in the inferomedial

patellar portal. An accessory extra-

capsular extra-articular posterome-

dial safety incision is used to protect

the neurovascular structures and to

confirm the accuracy of PCL tibial

tunnel placement.

Notch preparation is performed

first and consists of ACL and PCL

stump débridement, bone removal,

and contouring the medial wall of

Table 2
Classification of Posterior Instability: Lateral Side

Type Structures Injured Instability Pattern

A Popliteofibular ligament
Popliteus tendon

Increased tibial external rotation
(≥ 10° more than normal knee)

B Popliteofibular ligament
Popliteus tendon
Lateral collateral ligament

Increased tibial external rotation
Mild (5-10 mm) varus opening to

varus stress at 30° flexion

C Popliteofibular ligament
Popliteus tendon
Lateral collateral ligament
Lateral capsular avulsion
Cruciate ligament disruption

Increased external rotation
Marked varus instability (> 10 mm) at

30° flexion

(Reproduced with permission from Fanelli GC, Feldmann DD: Management of combined
ACL/PCL/posterolateral complex injuries of the knee. Oper Tech Sports Med 1999;7:143-149.)

Table 3
Classification of Posterior Instability: Medial Side

Type Structures Injured Instability Pattern

A Posteromedial capsule laxity Increased tibial internal rotation
(≥ 10° more than normal knee)

B Posteromedial and capsule laxity
Superficial medial collateral

ligament laxity

Increased tibial internal rotation
Valgus laxity with firm end point

C Posteromedial and medial capsular
laxity, disruption, or avulsion

Superficial medial collateral
ligament laxity, disruption, or
avulsion

Increased tibial internal rotation
Valgus laxity with no discernable end

point

(Reproduced with permission from Fanelli GC, Harris JD: Late medial collateral ligament reconstruction.
Tech Knee Surg 2007;6:99-105.)
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the lateral femoral condyle and the

intercondylar roof. Specially curved

PCL instruments are used to elevate

the capsule from the posterior aspect

of the tibia.

The arm of the PCL-ACL guide

is inserted through the inferomedial

patellar portal to begin creation of

the PCL tibial tunnel. The tip of the

guide is positioned at the inferolat-

eral aspect of the PCL anatomic in-

sertion site. The bullet portion of

the guide contacts the anteromedial

surface of the proximal tibia at a

point midway between the postero-

medial border of the tibia and the

tibial crest anterior, approximately

1 cm below the tibial tubercle. This

will provide an angle of graft orien-

tation that allows the graft to make

two very smooth 45° turns on the

posterior aspect of the tibia and

avoids an acute 90° turn that may

cause pressure necrosis of the graft.

The position of the tip of the guide

in the posterior aspect of the tibia is

confirmed with the surgeon’s finger

through the extracapsular, extra-

articular posteromedial safety inci-

sion. Intraoperative AP and lateral

radiographs also can be used for a

double safety check.

The appropriately sized, standard

cannulated reamer is used to create

the tibial tunnel, with the surgeon’s

finger through the extracapsular,

extra-articular posteromedial incision

monitoring the position of the

guidewire. The drill is advanced un-

til it comes to the posterior cortex of

the tibia. The chuck is disengaged

from the drill, and completion of the

tibial tunnel is performed by hand for

an additional margin of safety.

The PCL single-bundle or

double-bundle femoral tunnels can

be made from inside out. An appro-

priately sized, double-bundle aimer

is inserted through a low anterolat-

eral patellar arthroscopic portal to

create the PCL anterolateral femoral

tunnel. The double-bundle aimer is

positioned directly on the footprint

of the femoral anterolateral PCL in-

sertion site. An appropriately sized

guidewire is drilled through the

aimer, through the bone, and out a

small skin incision. The double-

bundle aimer is removed, and an

acorn reamer is used to endoscopi-

cally drill the anterolateral PCL

femoral tunnel from inside out. For

a double-bundle, double femoral

tunnel PCL reconstruction, the

same process is repeated for the pos-

teromedial bundle of the PCL. Care

must be taken to ensure that an ade-

quate bone bridge (approximately

5 mm) will remain between the two

femoral tunnels before drilling.

The ACL tunnels are created us-

ing the single-incision technique.

The tibial tunnel begins externally at

a point 1 cm proximal to the tibial

tubercle on the anteromedial surface

of the proximal tibia to emerge

through the center of the stump or

within the ACL tibial footprint. The

femoral tunnel is positioned next to

the over-the-top position on the

medial wall of the lateral femoral

condyle near the ACL anatomic in-

sertion site. The ACL graft is posi-

tioned and anchored on the femoral

side, followed by ACL graft tension-

ing and tibial fixation (Figure 2).

Lateral Posterolateral
Reconstruction
One technique for posterolateral re-

construction is a free graft, figure-

of-8 technique using semitendino-

sus autograft or allograft, Achilles

tendon allograft, or other soft-tissue

allograft material.1-3 This technique

combined with capsular repair

and/or posterolateral capsular shift

procedures mimics the function of

the popliteofibular and lateral collat-

eral ligaments, tightens the postero-

lateral capsule, and provides a post

of strong autogenous tissue to rein-

force the posterolateral corner.

When the proximal tibiofibular joint

is disrupted, or a hyperextension ex-

ternal rotation recurvatum deformi-

ty is present, a two-tailed (fibular

head, proximal tibia) posterolateral

reconstruction is used.

A curvilinear incision is made in

the lateral aspect of the knee, ex-

tending from the lateral femoral

epicondyle to the interval between

the Gerdy tubercle and the fibular

head. The peroneal nerve is dis-

sected free and protected through-

out the procedure. The fibular head

is exposed, and a tunnel is created in

an anteroposterior direction in the

area of maximal fibular diameter.

The tunnel is created by passing a

guide pin followed by a cannulated

drill (usually 7 mm in diameter).

The free tendon graft is then passed

through the fibular head drill hole.

An incision is then made in the ilio-

tibial band in line with the fibers, di-

rectly over the lateral femoral epi-

condyle. The graft material is passed

medial to the iliotibial band, and the

limbs of the graft are crossed to form

a figure-of-8. A longitudinal inci-

Figure 2 Arthroscopic combined dou-
ble-bundle PCL and ACL reconstruction
in a patient with a four-ligament knee in-
jury.
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sion is made in the lateral capsule

just posterior to the fibular collateral

ligament. The graft material is

passed medial to the iliotibial band

and secured to the lateral femoral

epicondylar region with a screw and

spiked ligament washer, with the al-

lograft insertion sites corresponding

to the anatomic insertion sites of the

fibular collateral ligament and the

popliteus tendon. The posterolateral

capsule that was previously incised

is then shifted and sewn into the

strut of figure-of-8 graft material to

eliminate posterolateral capsular re-

dundancy. The anterior and posteri-

or limbs of the figure-of-8 graft are

sewn to each other to reinforce and

tighten the construct. The final graft

tensioning position is approximately

30° to 40° of knee flexion (Figure 3).

Medial Posteromedial
Reconstruction
Posteromedial and medial recon-

structions are done through a medi-

al hockey-stick incision.1-3,37 The su-

perficial medial collateral ligament

(MCL) is exposed, and a longitudinal

incision is made just posterior to the

posterior border of the superficial

MCL. The interval between the pos-

teromedial capsule and medial menis-

cus is developed. The posteromedial

capsule is shifted anterosuperiorly.

The medial meniscus is repaired to

the new capsular position, and the

shifted capsule is sewn into the MCL.

When superficial MCL reconstruc-

tion is indicated, allograft or autograft

material is attached at the anatomic

insertion sites of the superficial MCL

on the femur and tibia with a screw

and spiked ligament washer or suture

anchors. The posteromedial capsular

is then advanced and sewn into the

newly reconstructed MCL. The final

graft tensioning position is approxi-

mately 30° to 40° of knee flexion

(Figure 4).

Graft Tensioning and Fixation
The PCL is reconstructed first, fol-

lowed by the ACL and the postero-

lateral complex and/or medial side.

A mechanical tensioning boot is

used for tensioning the ACL and

PCL reconstructions. The knee is

placed in 70° to 90° of flexion, the

tensioning boot is tensioned to 20 lb

to restore the normal tibial step-off,

the knee is moved through a range

of motion, and the PCL graft is fixed

to the tibia with a bioabsorbable in-

terference screw in the tunnel and a

screw and spiked ligament washer as

backup fixation. The knee is main-

tained at 70° to 90° of flexion, the

tensioning boot is tensioned to 20 lb

with tension on the ACL graft, the

knee is moved through a range of

motion, and the ACL graft is fixed

with a bioabsorbable interference

screw and ligament fixation button

or spiked ligament washer.

Postoperative Rehabilitation
The knee is braced in full extension

and non–weight-bearing status is

maintained for 6 weeks.40 The brace

is unlocked, and progressive range

of motion is begun 3 weeks after

surgery. Crutches are discontinued

Figure 3 A, Midlateral and posterolateral capsular avulsion in a patient with ACL
and PCL type C tears in a tibiofemoral multiligament-injured knee. B, Midlateral and
posterolateral capsule avulsion was repaired with suture anchors. Posterolateral re-
construction was performed with semitendinosus figure-of-8 allograft through the
head of the fibula combined with a tibialis anterior allograft through the proximal
tibia to reconstruct the fibular collateral ligament and the popliteus tendon, respec-
tively.

Figure 4 A, The posteromedial capsular shift procedure is used to eliminate capsu-
lar redundancy in step one of a posteromedial reconstruction. B, Superficial MCL re-
construction using Achilles tendon allograft is the second step of the posteromedial
reconstruction.
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after progression to full weight bear-

ing has been achieved. Progressive,

closed kinetic chain strength train-

ing and range-of-motion exercises

are continued. The brace is discon-

tinued after the 10th week. Return

to sports activities and heavy labor is

allowed when sufficient strength,

proprioceptive skills, and range of

motion have returned, usually at 9

months after surgery. It should be

noted that a loss of 10° to 15° of ter-

minal flexion can be expected in

these complex knee ligament recon-

structions.

Outcomes
The surgical treatment of

multiligament-injured (dislocated)

knees has obtained excellent func-

tional results, often achieving re-

turn to a preinjury level of

function.2,23,27-33 Comparison of

single-and double-bundle PCL re-

constructions in knees with injuries

to multiple ligaments have demon-

strated no superiority for either

surgical procedure.37,41 Both the

single-bundle and double-bundle

arthroscopically assisted transtibial

PCL reconstruction techniques are

successful in a high percentage of

patients. Statistically significant im-

provements from preoperative to

postoperative status, as evaluated by

physical examination, knee ligament

rating scales, arthrometer measure-

ments, and stress radiography have

been demonstrated.2,23,27-33 Factors

contributing to the success of these

surgical procedures include the

identification and treatment of all

pathology (especially posterolateral

and posteromedial instability), accu-

rate tunnel placement, the place-

ment of strong graft material at ana-

tomic graft insertion sites,

minimizing graft bending, perform-

ing final graft tensioning at 70° to

90° of knee flexion, using a graft ten-

sioning boot, using primary and

backup fixation, and instituting the

appropriate postoperative rehabilita-

tion program.

Summary
Injury to multiple knee ligaments

constitutes a severe injury that may

also involve neurovascular injuries

and fractures. Surgical treatment of-

fers good functional results. Some

low-grade MCL complex injuries can

be treated with bracing, but high-

grade, medial-side injuries require

repair and reconstruction. Lateral

posterolateral injuries are most suc-

cessfully treated with surgical repair

and reconstruction. Surgical timing in

patients with acute injuries to mul-

tiple knee ligaments depends on the

ligaments injured, vascular status and

skin condition of the injured extrem-

ity, the degree of instability, and the

patient’s overall health. Allograft tis-

sue is preferred for these complex

surgical procedures, and mechanical

tensioning devices are helpful for cru-

ciate ligament tensioning. Delayed re-

construction of 2 to 3 weeks may de-

crease the incidence of arthrofibrosis.

It is important to treat all components

of the instability. Currently, there is

no conclusive evidence that double-

bundle PCL reconstruction provides

results superior to those of single-

bundle PCL reconstruction in

multiligament-injured knees.
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