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Abstract: Injuries to the knee involving multiple ligaments occur in a variety of circumstances and require careful

assessment and planning. A wide constellation of injuries can occur with causes sufficiently traumatic to produce

bicruciate ligament deficiency, and this technical report will describe diagnosis, treatment and rehabilitation for a knee

dislocation with lateral injury (KD-III-L on the Schenk classification). Reconstruction in the acute setting is preferred, with

anatomic-based, single-bundle anterior cruciate ligament reconstruction, double-bundle posterior cruciate ligament

reconstruction, and anatomic reconstruction of the posterolateral corner using two grafts for the 3 primary posterolateral

corner stabilizers. Tunnel orientation to prevent convergence and sequence of graft tensioning and fixation are discussed

as well. Successful outcomes have been achieved using these anatomic-based reconstruction techniques along with

appropriate rehabilitation and bracing.

Multiple ligament knee injuries often occur in the

setting of knee dislocation with disruption of one

or both cruciate ligaments (anterior cruciate ligament

[ACL] and posterior cruciate ligament [PCL]) and one

or both of the fibular collateral ligaments (FCL) and

medial collateral ligaments. Injuries to the posterolat-

eral corner (PLC) or posteromedial corner (PMC)

structures, and to associated structures like the biceps

femoris and common peroneal nerve, are also com-

mon. Multiligament knee injuries may also occur

without concomitant knee dislocation, which typically

involves tear of one or both cruciate ligaments

(Table 1).1,2

Multiple ligament knee injuries may occur with knee

dislocations in high-energy traumatic causes, low-

energy mechanisms like athletic injuries, or in ultra-

low velocity injuries, seen in the severely obese.1-3

These are complicated conditions to assess and treat,

because diverse combinations of injury may be seen

to the ligaments, tendons, and neurovascular

structures of the knee. Advanced trauma and life

support and assessment of vascular status may be

necessary because of the frequency of vascular

injuries in knee dislocation and the traumatic etiology

of many of these injuries.1,2 A thorough physical ex-

amination and multimodal imaging evaluation is

required. Lachman, posterior-drawer, varus, valgus and

rotational testing are useful to determine the nature

and scope of injuries, and supplementation with pos-

terior, varus, and valgus stress radiographs provides an

accurate picture of the integrity of major stabilizing

ligaments (Figs 1 and 2).4-6 A foot-drop indicates

common peroneal nerve involvement. Magnetic reso-

nance imaging is additionally used to detect concomi-

tant meniscal, nervous, muscular, or other injuries and

bony edema and cartilage damage (Fig 3).2

This Technical Note will describe an anatomic recon-

struction of a knee dislocation with multiple ligamen-

tous injuries and posterolateral corner involvement

(KD-III-L on the Schenk classification) (Table 1).

Reconstruction has been reported to be superior to

repair in addressing these injuries, with improved out-

comes for surgical intervention in the acute stage.7

From Twin Cities Orthopedics, Edina-Crosstown, Edina, Minnesota

(E.R.F., G.B.C., R.F.L.); Georgetown University School of Medicine, Wash-

ington, District of Columbia (E.R.F.); and Training Haus, Twin Cities Or-

thopedics, EaganeViking Lakes, Minnesota (J.M.).

The authors report the following potential conflicts of interest or sources of

funding: R.F.L is a consultant for Arthrex, Ossur, Smith and Nephew, and

Linvatec, receives royalties from Arthrex, Ossur, and Smith and Nephew and

research grants from Smith and Nephew and Ossur, and is on the editorial

boards for AOSSM, JEO, and KSSTA. Full ICMJE author disclosure forms

are available for this article online, as supplementary material.

Received December 16, 2020; accepted January 29, 2021.

Address correspondence to Robert F. LaPrade, M.D., Ph.D., Twin Cities

Orthopedics, Edina-Crosstown, 4010 W 65th St., Edina, MN 55435-1706,

U.S.A. E-mail: laprademdphd@gmail.com

� 2021 by the Arthroscopy Association of North America. Published by

Elsevier. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

2212-6287/202015

https://doi.org/10.1016/j.eats.2021.01.024

Arthroscopy Techniques, Vol -, No - (Month), 2021: pp e1-e12 e1

mailto:laprademdphd@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.eats.2021.01.024


Although there has been some past controversy

regarding whether to reconstruct the popliteofibular

ligament (PFL), improved outcomes have been reported

with PFL reconstruction, using 2 grafts for the 3 chief

PLC stabilizers (FCL, popliteus tendon [PLT], and PFL).8

Graft Preparation
A bone-patellar tendon-bone ACL autograft is

preferred,9,10 with 2 passing sutures for each bone plug,

and the grafts sized for 10 mm reconstruction tunnels.

Double-bundle PCL reconstruction is performed with

an 11 mm Achilles tendon allograft for the anterolateral

bundle (ALB), and a 7 mm tibialis anterior allograft for

the posteromedial bundle (PMB).11 The ALB Achilles

tendon graft has a proximal 11 � 20 mm bone plug and

distal tubularized end. The PMB tibialis anterior

allograft is whipstitched at each end. The FCL, PLT, and

PFL are reconstructed with a split Achilles tendon

autograft, each piece with a 9 � 20 mm bone plug.12

Tunnel Orientation
Three-dimensional modeling studies have been per-

formed to determine optimal orientations of femoral

bone tunnels to avoid convergence.13-15 For lateral-

sided multiligament reconstructions, the FCL and PLT

tunnels are most at risk of convergence with the single

ACL tunnel. Both the FCL and PLT tunnels should be

aimed 35� to 40� anteriorly, parallel with one another

to avoid convergence with the ACL tunnel.

Surgical Technique
A narrated walkthrough of the procedure is given in

Video 1. The patient is brought into the operating room,

placed supine, and induced with general anesthesia,

and a high thigh tourniquet is applied. Examination

with the patient under anesthesia should compare heel

height/hyperextension, range of flexion, posterior and

posterolateral drawer, Lachman’s, pivot shift, and dial

tests, both in extension and at 30� of flexion, as well as

assessment of the proximal tibiofibular joint.

Open procedures are recommended to better assess

the extent of damage; the posterolateral approach with

a standard hockey-stick incision is performed first to

visualize the structures before fluid extravasation. A

very meticulous dissection over the superficial layer of

the iliotibial band (ITB) and along the inferior aspect of

the biceps femoris tendon should be performed, with

caution during the approach for the peroneal nerve.

The nerve should be dissected proximally and distally

and carefully retracted from the operative field (Fig 4).

The status of structures about the fibular head should

then be assessed after developing an interval between

the lateral gastrocnemius head and soleus. A collateral

drill guide (Extra-Articular Reconstruction [EAR]

fibular set; Smith & Nephew) is used to place a guide

pin from the anatomic FCL attachment to the poster-

omedial aspect of the fibular head and overreamed with

a 7 mm reamer. A passing stitch is then placed.

A tibial drill guide (EAR Set; Smith & Nephew) is used

to place a guide pin for the tibial PLC tunnel, starting

from the flat spot distal and medial to Gerdy’s tubercle

and emerging 1 cm medial and 1 cm proximal to the

posteromedial opening of the fibular head tunnel

(Table 2). A passing stitch is placed after the pin is

overreamed with a 9 mm reamer while a large Chan-

dler retractor protects the neurovascular structures.

The ITB is then split in line with its fibers, 4 cm

anterior to the femoral FCL attachment (Table 3). A Z-

retractor is used to locate the PLT attachment through

this interval. A collateral instrument guide (EAR; Smith

& Nephew) is used to drill a guide pin anteromedial

through the center of the attachment. The femoral FCL

attachment is located 18.5 mm posterior to the PLT

attachment, and a guide pin is drilled parallel to the PLT

attachment. A 9 mm reamer is used to overream both

of these to a depth of 25 mm, and passing sutures are

placed (Fig 5).

The patellar tendon autograft is then harvested. An

anterior incision from the proximal patella to the

medial tibial tubercle is made and the paratenon is

dissected off medially and laterally for a later repair. A

central third tendon autograft with a 10 � 20 mm

patellar bone plug and 10 � 25 mm tibial bone block is

harvested and prepared as described earlier. The tendon

is closed, and the patellar defect is bone-grafted later in

the case.

Medial and lateral portals are made and diagnostic

arthroscopy is performed. The anatomic center of the

Table 1. The Schenck Knee Dislocation Classification System

(Medial Sided)1

Schenck Knee Dislocation Classification (KD)

KD-I

KD-II

KD-III-M

KD-III-L

KD-IV

KD-V

Description of Injury

Multiligament injury with single cruciate ligament injury (ACL or

PCL)

ACL and PCL involvement

Injury to both ACL and PCL with additional medial injury (medial

collateral ligament)

Injury to both ACL and PCL with additional lateral injury (fibular

collateral ligament)

ACL þ PCL and MCL þ FCL injury (both cruciate ligaments and

both collaterals)

Same as KD-IV with peri-articular fracture

ACL, anterior cruciate ligament; MCL, medial collateral ligament;

PCL, posterior cruciate ligament.
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PCL ALB is found 7.4 mm from the trochlear point and

11.0 mm from the medial arch point. The PMB center is

12 mm from the ALB center in a line parallel to the

medial intercondylar ridge. An 11 mm reamer is used

for the PCL ALB and a 7 mm reamer for the PMB, with

passing sutures placed. An ACL femoral tunnel is

reamed using a 10 mm reamer, 25 mm deep, while the

knee is held in 120� of flexion, keeping at least a 2 mm

backwall.1 The anatomic center of the ACL is 1.7 mm

proximal to the bifurcate ridge and 6.1 mm posterior to

the lateral intercondylar ridge (Fig 6).

A posteromedial arthroscopic portal is then made and

the PCL footprint outlined. The aid of a 70� arthroscope

may be helpful. A PCL tibial guide pin is drilled using a

cruciate instrument guide (Arthrex) from 6 cm distal to

the anteromedial joint line, emerging at the PCL facet,

A B

Fig 2. Varus stress radiographs

are a validated method to assess

for fibular collateral ligament

(FCL) and posterolateral corner

(PLC) injuries. Proper technique

in taking the radiograph is

essential. Increased side-to-side

difference with clinician-applied

varus gapping of 2.2 to 2.7 mm

should raise suspicion of a com-

plete FCL tear or grade III

posterolateral corner injury if

gapping is increased more than

4.0 mm on the injured side

compared to the uninjured side.

In the above images, 16.0 mm

gapping is measured with varus

stress on the injured left knee (A),

whereas 10.7 mm is measured on

the uninjured right side (B). This

difference of 5.3 mm may indi-

cate complete (grade III)

posterolateral corner injury.

A B

Fig 1. Kneeling posterior stress x-rays: Posterior stress x-rays are a validated method for examining posterior translation of the

tibia. The patient is instructed to kneel on some surface with the tibial portion of the joint line at an edge. Posterior displacement

is measured by drawing a line along the posterior tibial cortex (from a point roughly 8 cm distal to the joint line) through the

intercondylar notch. The point from this line to the posterior-most point of Blumensaat’s line is measured to assess laxity. A 0 to

4 mm side-to-side difference is expected in a normal patient. Isolated posterior cruciate ligament (PCL) injuries may display 5 to

12 mm increased posterior displacement compared to the uninjured contralateral knee. Patients with >12 mm posterior

displacement of the injured knee compared to the contralateral side may have combined injuries to the PCL, posterolateral

corner (PLC), or posteromedial structures. In the above patient, the increase in posterior displacement between the injured left

knee in (B) and the uninjured right knee (A) is 4.6 mm.
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and its placement is confirmed fluoroscopically (Fig 7).

The pin is overreamed with a 12 mm reamer 60% of

the transtibial distance, with the remaining distance

reamed by hand. A large curette is held posteriorly to

protect against overpenetration (Table 2). A large

smoother (Gore Smoother Crucial Tool; Smith &

Nephew) is passed through the tibial PCL tunnel to ease

graft passage and then the end of the smoother is

passed out of the anterolateral arthroscopic portal. The

ACL tibial footprint is then identified, and a tibial ACL

guide (Arthrex) is used to drill a guide pin in the center

of the footprint, adjacent to the anterior root of the

lateral meniscus, and then overreamed with a 10 mm

acorn reamer (Arthrex).

AA

C D

E F

B
Fig 3. Preoperative magnetic

resonance imaging (MRI) dem-

onstrates extensive injuries

around a patient’s left knee.

Multiple ligamentous injuries

around the knee often occur in

the setting of knee dislocation,

either in sports or trauma, and

may entail damage to ligaments,

tendons, capsular structures, and

nervous and vascular structures.

When life-threatening injuries

and vascular compromise have

been ruled out, MRI is performed

in addition to x-radiography to

fully assess the extent of the

damage. Images (A) and (B) are

sagittal proton dense (PD) views

of the left knee, demonstrating

acute disruption of the anterior

cruciate ligament (ACL) and

posterior cruciate ligament (PCL)

[yellow arrows]. The PCL tibial

facet is indicated by “CGD,” for

the champagne glass drop-off.

Images (C) and (D) are axial PD

images from the same left knee.

(C) Capsular and popliteus

tendon (PLT) disruption in the

posterolateral corner with a yel-

low arrow. (D) PLT rupture at the

popliteus sulcus attachment on

the lateral femoral condyle. (E) A

coronal T2 PD fat-suppressed (FS)

image, which shows increased

signal intensity around the

posterolateral corner (arrow) and

tear/avulsion of the biceps femo-

ris tendon (BFT). (F) A coronal

PD image demonstrating com-

plete fibular collateral ligament

disruption (yellow arrow).
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Graft Passage
The PMB PCL allograft is passed first into its femoral

tunnel using the passing stitch through the antero-

lateral portal and secured with a 7 � 20 mm

bioabsorbable screw (Biosure; Smith & Nephew). The

bone plug for the ALB is then passed and secured in the

femoral tunnel with a 7 � 20 mm titanium screw

(Softsilk; Smith & Nephew). The PMB and ALB suture

ends are then passed into the end of the Gore smoother

and passed down the tibial tunnel (Fig 8). The sutures

prepared through the ACL femoral graft bone block are

passed through the loop of the passing suture in the

femoral tunnel, which is pulled out from the lateral

thigh. The femoral bone plug suture ends are pulled to

advance the graft into the femoral tunnel. The

ACL graft is then secured in the femoral tunnel with a

7 � 20 mm titanium screw (Smith & Nephew). The

bone plugs for the FCL and PLT grafts are then pulled

Fig 4. Dissection of the biceps femoris tendon (BFT). In

multiligament and posterolateral corner (PLC) injuries, the

distal aspect of the biceps femoris tendon must be carefully

dissected out. The common peroneal nerve (CPN) can slip

proximally if the BFT is avulsed, and scar tissue can obscure its

location. In the above left knee KD-III-L injury, the CPN has

previously been dissected and lies beneath the BFT. A split

portion of the iliotibial band (ITB) is retracted; forceps are

being used to elevate a torn portion of the lateral capsule (Lat

Caps). Under the elevated capsular flap, an instrument is

being used to point to the underside of the lateral meniscus

(LM), which has suffered avulsion off of the lateral tibial

plateau.

Table 2. Pearls and Pitfalls

Pearls

Perform Posterolateral approach first to visualize the anatomy

before fluid extravasation

If the peroneal nerve is damaged, do not completely dissect to

avoid further neuropraxia

When drilling the tibial tunnel, place a probe inside the fibular

head tunnel to serve as a guide for the posterolateral emergence

of the drill from the tibia

Use a large Chandler retractor with a finger behind it to protect the

neurovascular bundle when drilling tunnels around the PLC

A small sulcus can be palpated at the anatomic FCL attachment on

the fibular head, located within the BF bursa

Make sure to reduce the biceps tendon for repair in full

extensiondthis may require releasing some of the short head

from the capsule

A “drive-through sign,” or interval between the lateral femoral

condyle and PLT, indicates femoral avulsion of the PLT

Ream the last 40% of the tibial PCL tunnel by hand to ensure it

emerges correctly, and use a large curette to protect the joint

Repair BF Tendon after PLC reconstruction to avoid convergence

between suture anchors and PLT/PFL tunnel

Pitfalls

Scarring and an avulsed BF tendon can make the location of the

common peroneal nerve unpredictable

Normal landmarks may not be palpable depending on the extent

of damage

Reaming the fibular head tunnel too proximally risks fracture or

blowout

Graft preparation should begin before the case, otherwise it may

take significantly longer

Avoid blowout by maintaining a 2 mm backwall when reaming

the femoral ACL tunnel

Continuously check softness of calf to ensure fluid extravasates

out of joint and not into leg compartments

The tourniquet should be let down at 2 hours

Hematoma at the head of the fibula can put pressure on the

common peroneal nerve and lead to foot drop; postoperative

cryotherapy can help prevent excessive swelling.

If the PLC tibial guide pin is too lateral, it can enter the anterior

compartment musculature or the PTFJ, particularly if the patient

is obese

ACL, anterior cruciate ligament; BF, biceps femoris; FCL, fibular

collateral ligament; PCL, posterior cruciate ligament; PLC, postero-

lateral corner; PLT, popliteus tendon; PTFJ, proximal tibiofibular joint.
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into their femoral tunnels by looping the sutures left in

the bone plugs through passing sutures left through the

tunnels. The grafts are then secured in the femoral

tunnels with 7 � 20 mm cannulated titanium screws

(Smith & Nephew) threaded over a guide pin aimed

between the surface of the plugs and the tunnel margin.

The FCL graft is passed under the ITB and then through

the fibular head tunnel using the passing suture left in

place. The PCL grafts are then secured on the tibia with

6.5 mm titanium screws and washers (Arthrex) after

cycling the knee to remove slack: the ALB first at 90� of

flexion and then the PMB in extension. The posterior

drawer sign should now be absent, and the ACL

graft should not have any slack when viewed arthro-

scopically. The ACL tibial graft is then secured with a

9 � 20 mm titanium screw in full extension. Verify

intraarticular bicruciate fixation arthroscopically, with

no graft bunching or roof impingement. Next the distal

FCL graft is secured in the fibular head (exiting the

posteromedial fibular tunnel) with the knee flexed to

20�, a slight varus force and traction on the graft with a

7 � 20 mm bioabsorbable screw. The PLT and PFL grafts

are now passed from posterior to anterior through the

tibia, with caution to avoid the common peroneal

nerve, and secured with a 9 � 20 mm bioabsorbable

screw anteriorly (Figs 9 and 10).1,16

Table 3. Anatomic Attachments and Landmarks

Ligament/Tendons Anatomic Attachment

FCL Femoral: 1.4 mm proximal and 3.1 mm posterior to lateral epicondyle

Fibular: 8.2 mm posterior to anterior margin of the fibular head, 28.4 mm distal to the tip of the fibular styloid

PLT Femoral: tendon attaches 18.5 mm anterior to FCL in anterior 1/5 of popliteal sulcus

BF Tendon Tendon has direct attachments of long and short heads on fibular head. Common BF tendon attaches to posterolateral

aspect of fibular styloid

ACL Femoral: 8.5 mm anterior to posterior cartilage margin, 1.7 mm proximal to the bifurcate ridge, 14.7 mm proximal to the

distal cartilage margin, 6.1 mm posterior to the lateral intercondylar ridge

Tibial: 7.5 mm medial to the anterior horn of the lateral meniscus

PCL Femoral:

ALB: Between trochlear arch and medial arch point

PMB: 8-9 mm posterior to articular cartilage

Tibial: 6-7 mm above champagne glass drop-off. Avoid shiny white fibers of posterior medial meniscus root. Aligned with

medial border of lateral tibial eminence

ACL, anterior cruciate ligament; BF, biceps femoris; FCL, fibular collateral ligament; PCL, posterior cruciate ligament; PLC, posterolateral corner;

PLT, popliteus tendon.

A B C

Fig 5. Lateral femoral condyle

tunnels in reconstruction of

posterolateral corner (PLC)

structures are created by drilling

two guide pins through the femur

to mark the anatomic locations of

the fibular collateral ligament

(FCL) and popliteus tendon

(PLT). Anatomic reconstructions

of multiple ligamentous injuries

and PLC injuries result in more

normal knee kinematics and

faster recovery of range of motion

and muscle strength. (A) The

iliotibial band (ITB) is split, and a

z-retractor used to expose the

anatomic PLT attachment and

drill a guide pin. (B) A collateral

ligament guide is used to drill a

guide pin for the femoral FCL

tunnel. (C) Measurement

demonstrating 18.5 mm distance

between the anatomic PLT and

FCL lateral femoral condyle

attachments.
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If lateral meniscus or capsular pathology is present, 2

suture anchors in the lateral capsule can now be used at

this stage to repair these injuries. The biceps femoris

tendon is now repaired in full extension to the fibular

head and styloid process with 2 suture anchors (Q-Fix;

Smith & Nephew). The ITB is then repaired in a manner

dependent on the injury with side-to-side sutures or

suture anchors.

Physical examination maneuvers should now be

normal, without excessive graft or suture tension, and

excess grafts and passing sutures are now removed.

Deep tissues are closed after hemostasis with 0 and 2-

0 Vicryl sutures, followed by Monocryl skin stitch.

Steri-Strips are loosely applied, then sterile dressing and

a knee immobilizer.

Rehabilitation
Patients remain nonweightbearing after surgery for

6 weeks with a knee immobilizer. With PCL involve-

ment, a dynamic PCL rebound brace should replace the

immobilizer when swelling has resolved enough for

proper fit, ideally by postoperative day 3 to 5.17 Physical

therapy begins on postoperative day 1. Baseline lateral

and anteroposterior radiographs are obtained at that

time as well and deep venous thrombosis prophylaxis is

followed for 2 weeks with enoxaparin before tran-

sitioning to aspirin and thrombo-embolic deterrent

(TED) hose until initiation of full weightbearing at

6 weeks after surgery (Fig 11). Patients perform routine

cryotherapy immediately after surgery to manage pain

and swelling. Early therapy focuses on patient educa-

tion, pain and swelling control, patellar mobilizations,

protected range of motion (ROM), and quadriceps

muscle activation. LaPrade et al.18 demonstrated that

knee stability was restored in a large cohort of patients

after single-stage multiple-ligament reconstruction us-

ing a protocol that initiated ROM immediately after

surgery. With PCL involvement, ROM is initiated

passively with the patient in the prone position to

Fig 7. Intraoperative fluoroscopy during posterior cruciate

ligament (PCL) reconstruction is used to ensure proper

placement of the PCL tibial tunnel. Double-bundle PCL

reconstruction has been demonstrated to be superior in

restoring native knee kinematics over single bundle recon-

struction. The anterolateral bundle and posteromedial bundle

(ALB and PMB) grafts are secured in two femoral tunnels, but

both grafts are attached to the tibia through one transtibial

tunnel. The tibial PCL tunnel is drilled from the anterior

aspect of the tibia (midway between the anterior tibial crest

and the medial border of the tibia) and emerges between the

anatomic ALB and PMB centers on the tibial PCL facet, just

superior to the champagne glass drop-off. As indicated, a

7 mm back wall should be maintained. The tibial tunnel is

drilled at roughly a 45� angle with the long axis of the tibia,

often determined using a two line method (dashed lines).

Fig 6. Anatomic single bundle anterior cruciate ligament

(ACL) reconstruction and double bundle posterior cruciate

ligament (PCL) reconstruction is shown via arthroscope in a

left knee in this image. Single-bundle ACL reconstruction

restores normal kinematics to the knee, but double bundle

PCL reconstruction is required for normal joint function. The

femoral ACL tunnel is placed through the lateral aspect of the

intercondylar notch, in between the anatomic attachments of

the anteromedial and posterolateral bundles. A guide pin is

placed first, then overreamed to a depth of 25 mm with a

10 mm reamer, maintaining a 2 mm backwall. In this image,

an arthroscopic shaver is being used to hold the passing su-

tures in the PCL tunnels to protect them from the ACL

reamer.
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minimize posterior tibial translation. Knee flexion is

limited to 90� for the first 2 weeks with all procedure

types and knee hyperextension is avoided with PLC and

PCL involvement to minimize early strain on the grafts.

Patellofemoral joint mobilizations and peripatellar soft

tissue mobilizations along with frequent quadriceps

contractions, which create proximal patellar trans-

lation, help minimize postoperative stiffness, which is a

critical first step for maximizing recovery and long-term

joint health.19-21 In the case of biceps femoris repair,

hamstring muscle strengthening should be delayed for

the first 8 weeks to minimize disruption of initial

tendon healing at the attachment site, then gentle

isometrics may begin, followed by graduated loading

progressions to stimulate the healing process. Resisted

hamstring curling into knee flexion is prohibited until

4 months after surgery with PCL and PLC

reconstructions to avoid excessive posterior tibial

translation.22,23 A thoughtful approach with early

quadriceps strengthening should be followed per the

involved ligaments, respecting that quadriceps activa-

tion in deeper flexion (>60�) induces slight posterior

tibial translation and activation into terminal knee

extension (30� to 0�) induces more pronounced ante-

rior translation.22-25 Later progressions with therapy

are individualized per patient and generally address

muscle strength, joint proprioception and postural

stability, cardiovascular fitness, and athletic function.

The use of neuromuscular electrical stimulation and

blood flow restriction therapy are advocated to

facilitate maximal recovery of muscular strength and

reverse any potential loss of bone density after an

extensive period of restricted weightbearing and

reduced physical activity in the immediate

postoperative period.26-31 Serial physical performance

testing is useful on 3- to 4-month intervals after sur-

gery to assess patient recovery in all domains and guide

decision making for return to activity and sport.

Discussion
Historically, there was some debate over whether to

address MLI knee injuries in the acute phase or wait for

subsidence of swelling. Multiple systematic reviews

have reported significantly improved outcomes with

acute surgical intervention, less than 3 weeks from

injury, along with 1-stage surgery and commencement

of early range of motion after surgery.7,18,32,33

For PCL-reconstructions, the double-bundle method

is reported to restore native kinematics of the knee with

faster quadriceps recovery time and superior outcomes

AA B C

Fig 8. Distal posterior cruciate ligament (PCL) graft passage using a smoothing tool (Sm) in a left knee. During double bundle

PCL reconstruction, the anterolateral bundle (ALB) and posteromedial bundle (PMB) are separately reconstructed to better

restore native joint mechanics. A smoothing tool is passed up a tibial tunnel from the anterior tibial cortex from 6 cm distal to the

anteromedial joint line to the PCL facet posteriorly, and out the anterolateral portal. (A) Sutures through the distal ends of the

ALB and PMB grafts are first passed through the looped end of the smoother tool (Loop) while held exterior to the anterolateral

portal. The grafts are then pulled back into the joint by traction on the smoother (B), then pulled from posterior to anterior

through the tibial tunnel and out the tibial tunnel anteriorly (C). Dashed lines indicate direction of motion.
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in comparison of side-to-side posterior translation and

International Knee Documentation Committee scores

when contrasted to single-bundle reconstruction tech-

niques (Table 4).11 In ACL reconstruction, no signifi-

cant differences have been shown by biomechanical

studies to exist for single bundle versus double bundle

reconstruction techniques in anterior tibial translation

or tibial rotation during pivoting or loading.34

Finally, the anatomic reconstruction technique

presented here for PLC reconstruction has been re-

ported to result in significant improvements to Inter-

national Knee Documentation Committee and

Cincinnati objective scores, improved measurements

on side-to-side varus stress testing, pivot-shift testing

and external tibial rotation, and quantitative im-

provements in varus stress radiography at more than

2 years after surgery.1,7,12 Successful outcomes have

been reported for both medial and lateral-sided

multiligament knee injuries with consistent surgical

approaches, with care taken to avoid tunnel conver-

gence, passing and securing grafts in optimized order

with correct positioning of the joint and appropriate

rehabilitation.35 The importance of a systematic and

biomechanically and clinically validated approach to

multiligament knee reconstruction cannot be under-

stated; revision multiligament procedures frequently

must contend with extensive scarring and osteolysis,

loss of autograft because of previous harvest, arthro-

fibrosis, and a significant quantity of retained

hardware.36

Appropriate graft tensioning sequence is important to

avoid overconstraint of the joint. If the ACL is tensioned

first, posterior displacement of the tibia may result,

whereas early PLC graft tensioning may result in

increased internal tibial rotation. Tibial step-off, refer-

ring to the anterior position of the medial plateau

relative to the medial femoral condyle, can be restored

with anteriorly directed force during PCL ALB fixation

with the knee at 90�.37 Failure to do so may result in

posterior constraint of the knee during fixation of other

grafts.1 The recommended order of fixation then should

be PCL and then ACL, with the PLC grafts tensioned

last.16

Multiple ligament injuries to the knee are difficult to

treat and challenging in their array of damage to many

knee structures. However, with early surgical inter-

vention, appropriate surgical technique, anatomic

reconstruction methods, avoidance of tunnel conver-

gence, optimized sequence of graft fixation, and a

rigorous rehabilitation regimen, these patients can

achieve satisfactory outcomes with minimal morbidity.

Fig 9. Anterior and lateral aspects of a left knee after graft

passage during posterolateral corner (PLC) reconstruction.

Anatomic posterolateral corner reconstruction is accom-

plished by restoring all 3 stabilizers of the posterolateral

corner of the knee; the fibular collateral ligament (FCL),

popliteus tendon (PLT), which functions as a ligament in the

knee, and the popliteofibular ligament (PFL). Two split

Achilles tendon grafts are used, with 2 femoral tunnels, 1

fibular head (FH) tunnel, and 1 tibial (Tib) tunnel. The FCL

and PLT grafts are secured on the femur with interference

screws. The FCL graft is secured in the fibular head with an

interference screw as it passes through the fibular head tunnel

and becomes the PFL graft. The PFL and PLT grafts are then

passed posterior to anterior through the tibial tunnel, and can

be seen emerging anteriorly (PLC, PLT, PFL). The portion of

the PLT graft secured to the femur is not visible 18.5 mm

anterior to the FCL attachment to the femur. The tibial ends of

a double bundle PCL graft can also be seen emerging anteri-

orly (Achilles tendon graft for anterolateral bundle, tibialis

anterior graft for the anteromedial bundle). The lateral

meniscus (LM) can also be seen through a rent in the lateral

capsule (Lat Caps). The common peroneal nerve (CPN) can

displace significantly in PLC injuries, partly because of avul-

sion of the biceps femoris tendon (BFT).

MULTIPLE LIGAMENT RECONSTRUCTIONS OF THE KNEE AND PLC e9



Fig 10. Order of graft fixation. When performing reconstruction of extensive injuries around the knee involving both cruciate

ligaments and lateral-sided structures, fixation and tensioning of grafts should follow the general order: posterior cruciate lig-

ament (PCL), then anterior cruciate ligament (ACL), and then posterolateral corner (PLC). A more in-depth look at when to

secure grafts in femoral tunnels, pass through transosseous tunnels, and secure grafts in their respective tibial fixation points is

given in this flow-chart. The heading boxes indicate ACL, PCL, or PLC, and the text boxes indicate what part of those structures

and what fixation or graft passages are performed.

A B

Fig 11. Left knee radiographs, (A) anteroposterior, (B) lateral. Postoperative radiographs after reconstruction of anterior cruciate

ligament (ACL), posterior cruciate ligament (PCL), fibular collateral ligament (FCL), popliteus tendon (PLT), and popliteofibular

ligament (PFL). Single-bundle ACL reconstruction restores normal joint function, and bone-patellar-tendon bone autograft is

preferred in healthy, active adults. Double-bundle PCL reconstruction is performed to better restore the normal functioning of

the posteromedial and anterolateral PCL bundles. Anatomic posterolateral corner reconstruction. In the above image, the tita-

nium screws and washers of ACL and PCL reconstruction can be easily visualized, as well as the titanium femoral fixation screws

of the FCL and PLT. Bioabsorbable screws are used for fibular head tunnels, and these are more difficult to distinguish for the

distal posterolateral corner (PLC) points of fixation. ACL screws ¼ green letters and arrows, PCL screws ¼ blue letters and arrows,

PLC screws ¼ yellow letters and arrows.

Table 4. Advantages and Disadvantages

Advantages

Anatomic multiligament reconstruction in one stage leads to faster strength recovery, better knee kinematics, and a lower rate of progression

to osteoarthritis

Open incisions allow for better tissue visualization and may decrease operative time because of greater ease of access

Addressing the PLC before arthroscopy allows for better visualization before fluid extravasation; this can interfere with landmark and

structure identification

Single-stage surgery in the acute setting decreases risk of arthrofibrosis as a complication

Disadvantages

Single-stage procedures may necessitate a longer operative time than multiple staged procedures

Open incisions may prolong recovery time compared to arthroscopic-only (unless arthroscopic fluid extravasation causes significant problems)

Risk of fluid extravasation into lower limb compartments; ensure calf remains soft throughout

Requires autografts and allografts due in part to the number of grafts needed

PLC, posterolateral corner.
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