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Multiligament Reconstruction of the Knee in the
Setting of Knee DislocationWith aMedial-Sided Injury
Marcio B. Ferrari, M.D., Jorge Chahla, M.D., Justin J. Mitchell, M.D., Gilbert Moatshe, M.D.,
Jacob D. Mikula, B.S., Daniel Cole Marchetti, B.A., and Robert F. LaPrade, M.D., Ph.D.
Abstract: Multiple ligament knee injuries are complex pathologies that often result from traumatic knee dislocations.
Both a high level of suspicion and a thorough clinical and radiographic examination are mandatory to diagnose and
identify all injured structures. Reconstruction of all injured ligaments is recommended to aid in early mobilization and to
avoid joint stiffness or graft failure. For knee dislocations involving injury to the anterior cruciate ligament, posterior
cruciate ligament, and medial-sided structures, a repair and augmentation of the medial collateral ligament, together with
an anatomic reconstruction of the anterior cruciate ligament and double-bundle posterior cruciate ligament, is recom-
mended. In the setting of these complex reconstructions, there are several technical aspects that require consideration to
ensure concise and efficient treatment of these injuries. Graft choice, sequence of reconstruction, tunnel position and
orientation, and graft tensioning all pose surgical challenges, and require dedicated preoperative preparation and plan-
ning. The purpose of this Technical Note is to report a safe, effective, and reproducible surgical technique for treatment of
multiligament injuries in the setting of a knee dislocation with a medial-sided component (classified as KD-III-M in the
Schenck classification system).
ultiligament knee injuries represent complex
Mconditions that often occur as a result of trau-
matic knee dislocations. During these injury events 3 or
more ligaments are often disrupted, including the
anterior cruciate ligament (ACL), posterior cruciate
ligament (PCL), and either the posteromedial corner
or the posterolateral corner (PLC). A knee dislocation
classification described by Schenck1 (Table 1) is
commonly used, and may aid surgeons in diagnosis and
decision making in treatment of these injuries.
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Controversy exists within the literature regarding the
optimal treatment of these complex injuries; however,
reconstruction as opposed to repair of the cruciate liga-
ments is more widely accepted.2,3 Furthermore, higher
failure rates and inferior patient outcomes have been
reported for repair of the collateral ligaments when
compared with reconstruction.4-6 Thus, reconstruction
of both the cruciate and collateral ligaments is
recommended. To minimize the risk of postoperative
stiffness and graft failure, it is also recommended that all
injured structures be reconstructed concurrently and
anatomically so that an early postoperative knee
range of motion can be initiated.7-14 Because of the
complexity of these injuries, a thorough preoperative
evaluation, detailed plan of surgery, a precise
rehabilitation protocol, and a team that is familiar
with this type of surgery are mandatory. Thorough
knowledge of the anatomical attachment of the
ligaments is required to perform anatomical
reconstructions and optimize the tourniquet time, due to
the number of concurrent procedures in a single
surgery. The surgeon also must be familiar with the
correct position for an atomic reduction of the knee, to
avoid the fixation of the grafts in a suboptimal position,
which can lead to failure of the reconstruction and
inferior outcomes.
The purpose of this Technical Note is to explain, in

detail, the technique for surgical treatment of KD-III-M
2 (April), 2017: pp e341-e350 e341
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Table 1. Schenck Knee Dislocation Classification System

Schenck Knee Dislocation
(KD) Classification Description

KD-I Injury to a single ligament (ACL or PCL)
KD-II Injury to both ACL and PCL
KD-III Injury to ACL and PCL with additional

medial (M) or lateral (L) injury: MCL
(KD-III-M) or FCL (KD-III-L)

KD-IV Injury to both cruciate and collateral
ligaments (ACL, PCL, MCL, FCL)

KD-V Knee fracture-dislocation

ACL, anterior cruciate ligament; FCL, fibular colateral ligament; KD,
knee dislocation; MCL, medial colateral ligament; PCL, posterior
cruciate ligament.
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injuries to the knee with anatomic reconstruction of
the ACL using a boneepatellar tendonebone allograft,
double-bundle PCL reconstruction with Achilles and
tibialis anterior allografts, and augmentation of the
superficial medial collateral ligament (sMCL) with
semitendinosus and gracilis autografts.
Evaluation

Indications
Acute Multiple Ligament Injuries. For high-energy
injuries, advanced trauma life support principles apply.
When an acute knee dislocation is diagnosed, pedal
pulses and skin color should be monitored and
compared with the uninjured side. Neurologic status
should be assessed and recorded. Patients with an
ankle-brachial index of <0.9 warrant angiography.2,15

Although surgical management of all injured structures
is recommended in the acute phase (<2-3 weeks),16-18

surgery of the ligaments can be delayed in patients
with vascular and/or skin injuries.
Using a combination of stress radiographs and mag-

netic resonance imaging is recommended to objectively
evaluate the extent of the injury and associated lesions.
When both cruciate ligaments are torn, reconstruction
should be planned if the patient is a surgical candidate
and the injury should be approached as a knee
dislocation in the acute phasewith aims for early surgery
and rehabilitation. Associated medial- or lateral-sided
injuries may also require surgical treatment during the
same surgical setting.16 Grade III PLC injuries should be
reconstructed, because repair has been reported to yield
less thanoptimal results.4,19,20 For grade IIImedial-sided
injuries, surgical intervention with reconstruction or
repair/augmentation is alsowarranted for the stability of
the knee and early rehabilitation.

Chronic Injuries. Some patients may present in a
chronic phase because of a missed diagnosis in the acute
phase, or associated injuries that prevented definitive
treatment in the acute phase. A comprehensive patient
history, clinical examination supplemented with stress
radiography, and magnetic resonance imaging evalua-
tion should be performed. In addition to assessing
ligamentous structures, these evaluations also assist in
identification of concomitantly injured structures,
including the articular cartilage or meniscus. Long leg
standing coronal radiographs of the lower extremity
should be obtained to assess alignment, and malalign-
ment should be addressed with an osteotomy before
ligament reconstruction for chronic injuries, because
malalignment can lead to later graft failure.21
Surgical Technique

Patient Positioning and Anesthesia
When performing multiligament reconstructions,

detailed planning, preparation of the operative suite,
and surgical setup are crucial. After the induction of
general anesthesia, the patient is placed in the supine
position on the operating table (Video 1). A thorough
physical examination is performed on both knees to
confirm the knee instability on the symptomatic side.
The following tests are used: varus/valgus stress test at
full extension and 20� to 30� of knee flexion, anterior
and posterior drawer at 90� of knee flexion, pivot shift,
reverse pivot shift, external rotation recurvatum test,
Lachman and posterior Lachman test at 30� of knee
flexion, external rotation at 30� and 90� of knee
flexion, and range of motion. A well-padded high-thigh
tourniquet is subsequently placed around the proximal
part of the operative leg and the leg is placed in a leg
holder (Mizuho OSI, Union City, CA). The contralateral
limb is placed in a well-padded abduction stirrup
(BirkovaProduct LLC, Gothenburg, NE).

Graft Preparation
To perform this multiligament reconstruction tech-

nique, both autograft and allograft tissues are used. To
perform the PCL double-bundle reconstruction, an
11-mm Achilles tendon allograft is used for recon-
structing the anterolateral bundle (ALB), and a 7-mm
anterior tibialis tendon allograft used for the poster-
omedial bundle (PMB) reconstruction. For the ACL
reconstruction, a boneepatellar tendonebone allograft
or autograft is used. Medial augmentation of the sMCL
is performed using the autogenous semitendinosus and
gracilis tendons, which remain attached at their tibial
insertion on the ipsilateral side of the injury.

Surgical Approach and Preparation for sMCL
Augmentation
An open surgical approach is performed before

arthroscopy to allow for improved soft tissue visuali-
zation and to limit fluid extravasation into the surgical
site. The procedure begins with a focus on the medial
structures. The adductor tubercle (AT), the medial



Fig 1. Multiligament reconstruction performed in a left knee, with the patient in a supine position and the limb secured in a leg
holder (Mizuho OSI). To avoid liquid extravasation due to the arthroscopic part of the procedure, which can jeopardize the
correct identification of the medial structures landmarks, this technique starts with the medial collateral ligament (MCL)
identification. The skin incision is performed with the knee in approximately 45� of flexion, proximally between the adductor
tubercle and the patella, and extended 8 cm distally from the joint line to the medial part of the tibia to perform the MCL
augmentation. Blunt dissection is performed over the sartorius fascia and the injured structures are evaluated.

Fig 2. Open reconstruction of the medial collateral ligament
in a left knee with multiligament injury. After the exposition
of the superficial medial collateral ligament, a ruler is used to
identify the point situated 6 cm below the medial femorotibial
joint line, which will be used to mark the level of the
first anchor. The first double-loaded suture anchor (Mitek) is
placed at the posteriomedial part of the tibial shaft and then
used as reference for the second anchor, which is placed
slightly anterior and proximal. This technique allows the
correct position of the graft to recreate the medial collateral
ligament anatomy and biomechanics.
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aspect of the patella, and medial joint line are palpated.
A skin incision is performed proximally between the AT
and the patella, and extended 8 cm distally from the
joint line to the medial part of the tibia (Fig 1). Blunt
dissection is performed over the sartorius fascia and the
injured structures are evaluated. The semitendinosus
and gracilis tendons are isolated and an open-ended
hamstring tendon stripper (Smith & Nephew, And-
over, MA) is used to detach the tendons proximally.
Care is taken to preserve their tibial insertion.
The posteromedial aspect of the tibia is identified at

this point and 2 double-loaded suture anchors (Mitek,
Westwood, MA) are placed at the tibial insertion of the
sMCL, 6 cm distal to the joint line. The first anchor is
placed at the posterior insertion and then used as a
reference for the second anchor, which is placed slightly
anterior and proximal (Fig 2). The semitendinosus and
gracilis tendons are now sutured to the tibia, along with
the remnant sMCL, to reconstitute the distal sMCL tibial
attachment. Once the hamstring grafts are secured
distally, attention is directed proximally and the AT is
identified using the adductor magnus tendon as a
reference. The adductor magnus tendon is considered
to be the “lighthouse” on the medial aspect of the knee
because it serves as a consistent point of reference for
the medial structure femoral attachment sites.
The sMCL proximal attachment is 12 mm distal and

8 mm anterior to the AT (Fig 3).22 A sharp dissection is
performed on the sMCL proximal attachment to define
it and an eyelet pin is placed through its center with an
aiming guide (Arthrex, Naples, FL) anteriorly and
proximally, avoiding the trochlea and the PCL recon-
struction tunnels. A 35-mm deep tunnel is reamed
using a 7-mm acorn reamer (Arthrex) (Fig 4). Both
tendon grafts are then passed through deep to
the sartorial fascia along the native course of the
sMCL (Fig 5). A guide pin is placed in the femoral
reconstruction tunnel and the graft is then measured
from this point such that 30 mm of graft is whipstitched
for later passage into the tunnel. The excess graft length
is removed. A passing suture is then pulled through the
tunnel. The grafts remain unsecured to the femoral side
at this juncture to allow for preparation of the
remaining reconstructions.

Diagnostic Arthroscopy and Preparation of the ACL
and PCL Tunnels
Routine arthroscopy is performed through standard

anterolateral and anteromedial portals. All of the
compartments are evaluated for associated lesions.
With the use of an arthroscopic shaver (Smith &



Fig 3. Superficial medial
collateral ligament (sMCL)
reconstruction performed in a
left knee. To identify the cor-
rect position of the proximal
attachment of the sMCL, the
adductor tubercle (AT) is iden-
tified. The adductor magnus
tendon can be used as a refer-
ence to find the correct position
of the AT if necessary. Once
identified and with the use of a
ruler, the proximal insertion of
the sMCLwill be located 12mm
distal (A) and 8 mm anterior
(B) to the adductor tubercle.
Sharp dissection is performed to
identify the attachment in a
small depression posterior and
proximal to the medial epi-
condyle (C).
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Nephew) and an arthroscopic coagulator (Smith &
Nephew) the medial wall of the lateral femoral condyle
is prepared for ACL reconstruction tunnel reaming
Fig 4. Superficial medial collateral ligament (sMCL) recon-
struction performed in a left knee in a setting of a multiliga-
ment injury. To perform the correct identification of the
proximal attachment of the medial collateral in the femur,
anatomic landmarks are used as a reference. The adductor
tendon is used to identify the adductor tubercle. Once the
adductor tubercle (AT) is found, a ruler is used to identify the
point 12 mm distal to the AT. Sharp dissection is performed
8 mm anterior to this point, which will be the proximal sMCL
attachment, situated in a small depression posterior and
proximal to the medial epicondyle. A 35-mm deep tunnel is
reamed using a 7-mm acorn reamer (Arthrex) and care must
be taken to avoid damage to the trochlea and the posterior
cruciate ligament reconstruction tunnels.
(Fig 6). The femoral footprint of the ACL is evaluated
using the lateral intercondylar ridge as a reference, and
an accessory medial portal is established first by using a
spinal needle with the knee flexed to approximately
80� to 90�. With the knee flexed to 120�, an eyelet
guide pin is then inserted in the femoral footprint,
midway between the anteromedial and posterolateral
bundles, through the accessory medial portal. A 10-mm
low-profile reamer (Arthrex) is used to create a 25-mm
deep closed socket tunnel with the knee in 120� of
flexion while maintaining a 1- to 2-mm back wall. A
passing suture is pulled through the femoral ACL
tunnel.
Then attention is then turned to preparing the

femoral insertion of the PCL. The femoral attachments
Fig 5. Superficial medial collateral ligament reconstruction in
a left knee with the gracilis and semitendinosus tendon grafts.
After the distal fixation using 2 double-loaded suture anchors
(Mitek), both grafts are passed through a small incision made
in line with the sartorial fascia, and the distance between the
grafts and the proximal tunnel must be measured to reach
30 mm proximal to the tunnel entrance.



Fig 6. Arthroscopic visualization of a left knee joint in a
setting of multiligament injury. A 30� arthroscope is posi-
tioned in the anterolateral portal and an arthroscopic shaver
(Smith & Nephew) and an arthroscopic coagulator (Smith &
Nephew) are positioned in the anteromedial portal. After
evaluation of all the compartments of the knee, the anterior
cruciate femoral tunnel is prepared first. The intercondylar
area is evaluated and the medial wall of the lateral condyle is
prepared. The lateral intercondylar ridge is used as a reference
to find the correct insertion point of the anterior cruciate
ligament femoral tunnel, which will be performed through a
medial accessory portal. (LFC, lateral femoral condyle; PCL,
posterior cruciate ligament.)

Fig 7. An arthroscopic view of the left knee using a 30�

arthroscope through the anterolateral portal. To perform the
double-bundle posterior cruciate ligament reconstruction in
the femur, the attachment of the anterolateral bundle (ALB)
and posteromedial bundle (PMB) is identified. With the use of
an arthroscopic coagulator (A) the anterolateral attachment is
identified using the trochlear point and medial arch point as a
reference. The femoral attachment of the ALB is then
removed and an 11-mm-diameter acorn reamer is placed
against the cartilage (B). This allows the correct position of the
tunnel and avoids damage to the cartilage. A guide pin is
inserted through the acorn reamer and a 25-mm deep closed
socket is performed. The first tunnel will be the reference to
perform the PMB reconstruction. (MFC, medial femoral
condyle.)
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of the ALB and PMB are identified, using the trochlear
point and the medial arch point, and then outlined with
an arthroscopic coagulator (Smith & Nephew). For the
ALB, an 11-mm-diameter acorn reamer (Arthrex) is
used, which is placed through the anterolateral portal.
The reamer is placed abutting the cartilage (Fig 7), at
the ALB footprint, and a pin is drilled at the center of
the footprint, using the reamer as a guide. A 25-mm
deep closed socket tunnel is then reamed, and a pass-
ing suture is placed in the tunnel. A 25-mm deep
tunnel is reamed to reconstruct the PMB using a 7-mm-
diameter acorn reamer (Arthrex), with the center of the
tunnel approximately 8 to 9 mm posterior to the edge
of the articular cartilage of the medial femoral condyle
and placed slightly posterior to the ALB tunnel previ-
ously prepared. These 2 tunnels are divergent with a
1- to 2-mm bone bridge at the aperture (Fig 8).23

To access the tibial attachment of the PCL, a poster-
omedial portal and a 70� arthroscope (Smith &
Nephew) may be required. The tibial PCL footprint is
identified. The shiny white fibers of the posterior root
attachment of the medial meniscus are used as a
reference for the proximal debridement and the lateral
articular cartilage is used as a lateral reference. The
distal debridement is performed until the popliteus
muscle fibers are visualized and the champagne-glass
drop-off of the posterior tibia is identified. After the
debridement, the tibial PCL guide (Arthrex) is placed
5.5 mm proximal to the champagne-glass drop-off of
the posterior tibia to place the PCL tibial tunnel guide
pin. The entry point of the PCL guide pin is placed 6 cm
distal to the joint line on the anteromedial aspect of the
tibia. Fluoroscopy is used to verify that the tibial pin is
placed in the desired anatomic location (Fig 9). If there
is a meniscal tear present, it is repaired at this time.
With the correct placement, a curette is used to pro-

tect against guide pin protrusion and to retract the
posterior capsule, while a 12-mm acorn reamer



Fig 8. To correctly perform the double-bundle technique
for the reconstruction of the posterior cruciate ligament, an
11-mm-diameter acorn reamer is placed against the cartilage
and after that a 25-mm deep socket tunnel is performed to
recreate the anterolateral bundle. The first tunnel will be used
as a reference for the reconstruction of the posteromedial
bundle tunnel, which will be performed using a 7-mm acorn
reamer, placed approximately 8 to 9 mm posterior to the edge
of the articular cartilage of the medial femoral condyle and
slightly posterior to the anterolateral bundle. These 2 tunnels
are divergent with a 1- to 2-mm bone bridge at the aperture.
(AL, anterolateral; PM, posteromedial.)
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(Arthrex) over-reams the tibial guide pin. A smoother
(Gore Smoother Crucial Tool, Smith & Nephew) is used
to avoid laceration of the graft by bone spicules at the
tibial tunnel aperture, but care must be taken to avoid
an iatrogenic medial meniscal root injury. The closed
loop tip of the smoother is passed out through the
anterolateral arthroscopic portal.
The tibial footprint of ACL is then identified and a

tibial ACL guide (Arthrex) is placed in the center of the
ACL tibial attachment, adjacent to the anterior root of
the lateral meniscus, and a guide pin is passed. A
10-mm acorn reamer (Arthrex) is used to ream the
tibial tunnel over the guide pin. To perform the graft
passage, the passing sutures are used.

Fixation of the PCL and ACL Grafts
The PMB PCL graft is passed through the anterolateral

portal into its femoral tunnel with the aid of a passing
suture and fixed with a 7 � 23 mm bioabsorbable
interference screw (Arthrex) at the posteroinferior
aspect of the femoral tunnel. The ALB PCL graft is then
passed into the femoral tunnel, with the cortical side of
the bone plug placed into the anterior portion of the
tunnel and fixed with a 7 � 20 mm titanium interfer-
ence screw (Arthrex) at the anterosuperior aspect of the
tunnel. Then, the sutures in the end of both grafts are
passed through with the loop tip of the smoother and
pulled distal down the tibial tunnel and cycled several
times, while traction is applied to remove any slack in
the grafts. The ACL graft is passed through the tibia into
the femoral ACL tunnel and then fixed in the femur
with a 7 � 20 mm titanium interference screw
(Arthrex).
Once all cruciate grafts are fixed in their femoral

tunnels and are shuttled down the anterior tibia, the
PCL grafts are secured first. The rationale for this
maneuver is to reduce the knee to an anatomic position
with normal tibial step-off similar to the contralateral
Fig 9. Transoperative fluoro-
scopic lateral (A) and ante-
roposterior (B) views of a left
knee in a setting of multiliga-
ment injury, showing the cor-
rect placement of the posterior
cruciate ligament tibial guide
pin. In the lateral view, the
guide pin must be 5.5 mm
proximal to the champagne-
glass drop-off on the posterior
aspect of the tibia. In the ante-
roposterior view, the correct
position of the guide pinmust be
identified at themedial aspect of
the lateral tibial eminence. Care
must be taken to avoid pin
extrusion and neurovascular
damage to the posterior struc-
tures of the knee.



Fig 10. Multiligament reconstruction in a left knee. After
drilling the intra-articular tunnels, the anterior cruciate
ligament (ACL) graft is the first to be secured in the femur,
followed by the posterior cruciate ligament (PCL) grafts.
Attention is then turned to the PCL grafts fixation in the
tibia, which are secured using screws and a spike washer.
The anterolateral bundle graft is fixed to the tibia with the
knee flexed to 90� and in neutral rotation while applying the
anterior force. Then, the knee is placed in full extension
and the posterior medial bundle graft is fixed, while distal
traction is applied to the graft.

Fig 11. An arthroscopic view of a left knee using a 30�

arthroscope inserted in the anterolateral portal. After the
fixation of the anterior cruciate ligament (ACL) and the pos-
terior cruciate ligament (PCL) in the tibia and with the lack of
saline solution in the joint, an arthroscopic visualization of the
reconstruction is performed. The ACL and the double-bundle
PCL reconstruction on the left knee can be visualized,
showing the anatomic position of the anterolateral and post-
eromedial bundle of the PCL as well as the ACL graft. (LFC,
lateral femoral condyle; MFC, medial femoral condyle.)
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side before restoring rotational and valgus stability.
With the knee flexed to 90� and in neutral rotation, the
joint line is palped to ensure the correct position and
the normal tibiofemoral step-off is verified while
applying an anterior reduction force, and the PCL ALB
graft is secured to the tibia with a fully threaded
bicortical 6.5-mm cannulated cancellous screw
(Arthrex) and an 18-mm spiked washer (Arthrex).
Then, the knee is placed in full extension and the PCL
PMB graft is secured to the tibia with a similar screw
and washer that were used for the other bundle, while
distal traction applied to the graft (Fig 10). The excess
portions of the grafts are removed. Distal traction is
then applied to the ACL graft, and the knee is cycled
several times. The tibial ACL graft fixation is performed
with a 9 � 20 mm titanium interference screw
(Arthrex) with the knee in full extension.

Fixation of the sMCL Grafts
After fixation of the central ligaments (Fig 11), which

restores the normal anatomic position of the tibiofe-
moral joint, attention is turned back to the medial side
of the knee through the prior open incision. The sem-
itendinosus and gracilis grafts are pulled into the
femoral tunnel using the previously placed shuttle
suture. The knee is positioned at 20� of flexion in
neutral rotation, a gentle varus force reduction is
applied, and the grafts are fixed with a 7 � 23 mm
bioabsorbable screw (Arthrex). A spinal needle is used
to define the joint line and the last double-loaded
suture anchor (Mitek) is inserted 12 mm distal to the
joint line and the sutures are tied to the grafts with the
knee positioned at 20� of knee flexion and in neutral
rotation to reconstitute the sMCL proximal tibial
attachment. The “safe zone” range of motion is deter-
mined to guide the postoperative rehabilitation. The
skin and subcutaneous tissues are closed and the pro-
cedure is complete. The pearls and pitfalls of this pro-
cedure are summarized in Table 2.

Postoperative Rehabilitation
Postoperative recovery after a multiligament recon-

struction procedure typically requires 9 to 12 months of
rehabilitation before returning to full activities. This
allows proper time for the grafts to incorporate and to
heal to prevent reconstruction graft failure. Further-
more, a thorough rehabilitation protocol helps allay
fatigue and endurance issues that can cause reinjury to
the operative knee or the contralateral side.
A well-guided rehabilitation protocol after a multi-

ligament reconstruction should focus on graft protec-
tion and functional outcomes including regaining
motion, strength, and function. Full range of motion is
especially vital to long-term outcomes, and patients
should aim to obtain 0� to 90� of knee flexion within
the first 2 weeks after surgery. Further range of motion
should be achieved between weeks 2 and 6. Further
goals of the first 6 weeks include limiting joint effusion
and improving patellar mobility.
After week 6, the patients may initiate partial weight

bearing. Physical therapy should focus on achieving



Table 2. Pearls and Pitfalls of Multiligament Reconstruction

Pearls Pitfalls

These lesions should be
treated in the acute
setting whenever
possible.

To avoid the increased risk of failure
the MCL graft tibial insertion
should be posteriorized to better
resemble the anatomy of the
sMCL.

A comprehensive physical
examination, stress
radiographs, and MRI
are key to fully diagnose
associated lesions.

Nonanatomic placement of the
tunnels can jeopardize the
reconstruction; thus only ream the
tunnels after verifying that the
guide pins are in the correct place.
Medial-sided tunnels should be
created aiming anteriorly and
proximally in the femur.

Leaving passing sutures
after drilling each tunnel
facilitates later graft
passage.

Not using a screw protector during
screw placement on the femur for
cruciate ligament grafts can lead to
graft damage.

If feasible, address all the
pathology during a
single surgery.

If the tunnels are not properly cleared
of all soft tissue, passage of the
grafts can be difficult.

In chronic cases, assess the
limb alignment so it can
be addressed before or
concurrent with the
reconstruction.

Too long of a graft for the sMCL can
result in a lax graft because the
graft fills the tunnel prematurely.

MCL, medial colateral ligament; MRI, magnetic resonance imaging.

Table 3. Advantages and Disadvantages of Multiligament
Reconstruction

Advantages Disadvantages

If acute, assess for range and
motion and delay surgery with
preoperative rehabilitation if
flexion is less than 90�. Prompt
surgery avoids fibrotic tissues
and facilitates visualization.

Limited range of motion before
the surgery can result in
higher rates of arthrofibrosis
and poorer outcomes.

This technique allows for an
unstaged reconstruction of the
structures that will ultimately
result in a faster recovery.

A skilled surgeon is advocated
to attempt this
reconstruction at one setting
because it might result in a
prolonged operative time
otherwise.

Anatomic reconstructions
facilitate early range of motion
without compromising the
grafts integrity.

A mix of autografts and
allografts are recommended
due to the quantity of
structures to reconstruct.
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control on a single leg stance and normalizing gait. This
can progress to exercises that include step up/down,
squats, and partial lunges. Once the patients have
developed good dynamic neuromuscular control
without any pain, they can progress to their functional
sport-specific exercises.

Discussion
The multiple ligament injured knee remains a com-

plex surgical problem given the increased risk of neu-
rovascular injury, articular cartilage damage, and
meniscus tears when compared with single ligament
injuries.24-26 This Technical Note details our preferred
surgical approach for multiple ligament reconstruction
in the setting of KD-III-M injuries. Table 3 summa-
rizes the advantages and limitations of these anatomic
reconstruction techniques. Although these injuries can
be devastating to patients and surgeons alike, a sys-
tematic and evidence-based approach allows for
improved surgical efficiency and improved patient
outcomes.
Reconstructive techniques using a combination of

autografts and allografts to reconstruct multiligament-
deficient knees have shown good to excellent out-
comes in prior studies.27 However, the decision for
repair or augmentation and/or reconstruction of
medial-sided knee injuries has only recently been
studied. For grade III injuries, reconstruction has shown
improved longer term results,28-30 and King et al.6

reported that MCL repair in the setting of KD-III-M
injuries was inferior to MCL reconstruction. We
therefore recommend reconstruction of both the cen-
tral ligaments and medial-sided injuries when present
in the setting of KD-III-M injuries.
Although several nonanatomic-based knee ligament

reconstructions are used, anatomical reconstructions
are preferred because they restore near native knee
biomechanics and have also been validated to improve
patient outcomes. When several ligaments are injured,
restoration of knee kinematics to near preinjury levels
is paramount.19,31-33 Tunnel orientation to avoid
convergence and tensioning sequence are potential
problems; however, there is a paucity of literature on
techniques to avert such issues. Gelber et al.34

reported in a cadaveric study that an sMCL tunnel
oriented 30� anteriorly and proximally avoided tunnel
convergence between the double-bundle PCL and
sMCL tunnels. However, in their study, the PCL tunnels
were smaller than the ones used in this technique.
Camarda et al.35 reported that proximal orientation of
the sMCL tunnel avoided convergence with the PCL
tunnel in single-bundle PCL reconstruction with con-
current MCL reconstruction.
The PCL is routinely tensioned first to restore tibio-

femoral articulation, and the tibial step-off. The normal
knee is used as a reference for tibial step-off, and
fluoroscopy may be used to aid during the reduction of
the tibia. It is important to restore the tibial step-off
because not doing so will result in the tibia being
fixed posteriorly, thereby overconstraining the knee
when the other grafts are tensioned. This error will lead
to changes in joint biomechanics and loading, poten-
tially causing graft stretching or failure. When the ACL
is tensioned first, the tibia has a tendency to be dis-
placed posteriorly. In a biomechanical study of ACL and
PCL reconstruction tensioning by Markolf et al.,36 the
PCL had to be tensioned first to consistently restore
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normal knee laxities and graft forces. The tensioning
sequence used in this technique has been previously
reported by other authors.2,27,29 Wentorf et al.37

reported that the tibia was externally rotated if the
ACL was tensioned in PLC-deficient knees. Because of
this, both graft tensioning and order of graft fixation
play important roles in surgical planning for the
dislocated knee.
Despite the challenging nature of these cases, good

patient-reported outcomes after multiple ligament knee
reconstructions are reported after surgical treatment.
Several studies reported mean Tegner scores of 4 to 5
and Lysholm scores of 83 to 84.27,38-42 Medium- to
long-term prevalence of knee osteoarthritis is reported
in the range of 23% to 87%. Most studies however had
few patient cohorts, and the patient population was
heterogeneous in regard to ligaments involved.27,38-42

Knee dislocation is a serious injury with significant
potential for associated injury, and as such, a high index
of suspicion combined with appropriate physical and
radiographic examination is of utmost importance in
the diagnosis of these potentially limb-threatening in-
juries. Early and complete surgical intervention leads to
improved outcomes, and should be performed by sur-
geons familiar with these complex cases. Although we
recommend the above technique, future long-term
studies with larger samples are necessary to assess the
efficacy and patient-reported outcome measures after
multiple ligament reconstruction.
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