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Management of multiligament knee injuries
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B Up to 18% of multiligament knee injuries (MLKI) have an
associated vascular injury.

B All MLKI should be assessed using the ankle brachial pres-
sure index (ABPI) with selective arteriography if ABPlis <0.9.

B An ischaemic limb following knee dislocation must be
taken to the operating theatre immediately for stabiliza-
tion and re-vascularization.

B Partial common peroneal nerve (CPN) injury following
MLKI has better recovery than complete palsy.

B Posterior tibial tendon transfer is offered to patients with
complete CPN palsy if there is no recovery at six months.

B Operative treatment with acute or staged reconstructions
provides the best outcome in MLKI.

B Effective repair can only be performed within three weeks
of injury.

B There is no difference between repair and reconstruction
of medial collateral ligament and posteromedial corner.

B Posterolateral corner reconstruction has a lower failure
rate than repair.

B Early mobilization following MLKI surgery results in fewer
range-of-motion deficits.
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Introduction

Multiligament knee injuries (MLKI) are devastating inju-
ries. They are defined as injuries to at least two of the four
major ligaments in the knee: anterior cruciate ligament,
posterior cruciate ligament, lateral collateral ligament
(and posterolateral corner) and medial collateral ligament
(and posteromedial corner) (Fig. 1).! These injuries are
commonly classified using the Schenck classification sys-
tem (Table 1).2 The incidence of these injuries has been
reported to be around 0.02-0.20% of all orthopaedic

injuries.> However, this is likely to be an underestimation
due to spontaneous knee reduction and missed injuries.

The immediate management of these injuries is crucial
in identifying and treating any vascular and nerve injury.
The literature has shown poor outcome and residual insta-
bility in those who were treated non-operatively.*> How-
ever, the optimal surgical treatment for these injuries is
not known, with differences in opinion amongst treating
clinicians. There are controversies in the timing of surgery
(early versus delayed), single-staged or two-staged proce-
dures and whether the damaged ligaments should be
repaired or reconstructed. This article aims to summarize
the key points in the management of these injuries based
on the best available evidence.

Initial assessment

Knee dislocation or multiligament knee injuries can pre-
sent following low or high-energy trauma. High-energy
injuries are usually associated with other injuries and low-
energy knee dislocations typically occur in obese patients
following a simple mechanical fall (Fig. 2).6

All suspected knee dislocations and multiligament
knee injuries should be assessed thoroughly using the Adult
Trauma Life Support (ATLS) principles. Subsequently, a
detailed neurovascular examination with clear documen-
tation of capillary refill time, distal pulses, function of all
lower limb compartments and common peroneal and
tibial nerve function should be carried out. Clinical exami-
nation of the vascular status for the limb alone is not suf-
ficient or reliable to identify subtle vascular injury such as
intimal tear. Further examination such as using the ankle
brachial pressure index (ABPI) or vascular studies are
required. This is discussed further in the ‘vascular injuries’
section.

A grossly dislocated knee must be reduced immedi-
ately with clear documentation of neurovascular status
pre and post reduction. The knee should then be immobi-
lized with plaster of Paris or extension splint to maintain
reduction, preserve neurovascular function and allow
swelling to improve.
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Source. With permission from Ng JWG, Price K, Deepak S. Knee pain in children. Paediatrics and Child Health 2019;29:521-527.

Table 1. Schenck classification of knee dislocation?

Type 1 Description

KDI Multiligament knee injury with ACL or PCL rupture

KDl Multiligament knee injury with ACL and PCL rupture only

KDIIIM  Multiligament knee injury with ACL, PCL and MCL rupture

KDIIIL Multiligament knee injury with ACL, PCL and LCL + PLC rupture

KDIV Multiligament injury with rupture of all ligaments (ACL, PCL, MCL,
LCL +PLC)

KDV Knee dislocation with an associated fracture

Note. ACL, anterior cruciate ligament; PCL, posterior cruciate ligament; MCL,
medical collateral ligament; LCL, lateral collateral ligament; PLC, posterolateral
corner.

Immediate stabilization (external fixator
vs. cast immobilization)

There is a paucity of evidence in the literature comparing
the use of an external fixator, plaster of Paris or an exten-
sion splint to stabilize the knee after reduction. However,
the use of an external fixator is required when: (1) reduc-
tion is not achievable using a splint or plaster, (2) vascular
injury is present and vascular repair is required, (3) itis an
open injury and (4) there is an associated fracture (KDV),
making the knee very unstable (Table 1). The external
fixator applied should be away from the zone of injury
and notinterfere with any soft tissue or fracture fixation at
a later stage. This is typically 10 cm away from the joint
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Fig. 2 Radiograph of knee dislocation.

Source. Case courtesy of Andrew Murphy, Radiopaedia.org, rID: 48228.
Murphy A. Lateral knee dislocation. Radiology Case. https://radiopaedia.org/
cases/lateral-knee-dislocation-1
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line for soft tissue but varies depending on fracture pat-
tern in KDV injuries.

Plaster of Paris and extension splints can be applied eas-
ily in the emergency department when an external fixator is
not required. An extension splint also allows regular assess-
ment of limb compartments and neurovascular status.

Vascular injuries

The incidence of vascular injury in knee dislocations and
MLKI is reported to be around 18%.7 As discussed above,
further vascular assessment in addition to physical exami-
nation is required to identify any subtle vascular injury
which can be catastrophic if missed. A meta-analysis by
Barnes et al showed that absent pedal pulse only has a
sensitivity of 0.79 and specificity of 0.91.8 In a case series
by McDonough Jr and Woijtys,® they reported 12 popliteal
artery injuries in 72 knee dislocations. Only four popliteal
artery injuries were identified by physical examination
pre-operatively, five were identified using arteriography

pre-operatively and a further three were not identified by
physical examination or arteriography pre-operatively.
The ABPI was not used in their study.®

Routine arteriography in all knee dislocations is not
practicable, carries risks and is costly. Selective arteriogra-
phy based on ABPI has been shown to be effective in
identifying vascular injuries in knee dislocations. Mills
et al reported in their study that an ABPI score of < 0.9 has
a sensitivity, specificity and positive predictive value of
100% for identifying vascular injuries in knee disloca-
tions.’0 All patients with ABPI < 0.9 must have further
imaging studies such as computed tomography (CT)
angiography if the limb is well perfused. Our algorithm
for managing vascular injuries in knee dislocations is
summarized in Fig. 3.

All patients with acutely ischaemic limbs must be taken
to the operating theatre for stabilization using an external
fixator, on-table angiography and vascular repair. The
sequence of events in the operating theatre is summarized
in Fig. 4.

Knee dislocation

Reduce knee

Ischaemic limb

I
Pulse present

I
ABPI > 0.9
L 24-hour observation L
and serial

examination

Fig. 3 Management flow chart for vascular injuries.

Note. ABPI, ankle brachial pressure index; CT, computed tomography.
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Fig. 4 Sequence of events for management of ischaemic limb following knee dislocation.

Nerve injuries

It is estimated that up to 40% of knee dislocations and
MLKI have common peroneal nerve (CPN) palsy.’14 The
rate of nerve injury is lower in KDI (see Table 1), but higher
in lateral-sided injuries. The prognosis of complete CPN
palsy is significantly worse than partial CPN palsy. The rate
of functional recovery following complete CPN palsy was
reported to be 38% and complete recovery following par-
tial CPN palsy was 87%.13 Treatment options for CPN
palsy following knee dislocation include observation, neu-
rolysis, nerve grafting, motor nerve transfer and posterior
tibial tendon transfer. Exploration and neurolysis of the
CPN is routinely performed as part of the approach during
posterolateral corner repair/reconstruction and helps to
avoid iatrogenic injury.'3 There is no evidence in the litera-
ture to support neurolysis over observation.’3 Kim et al's
have reported good outcomes in nerve grafting for CPN
lesion of < 6 cm with 75% functional recovery. However,
their study included all causes of CPN palsy. Another study
reported that the majority of CPN lesions following knee
dislocations were > 6 cm with 40% of these injuries being
10 cm macroscopic contusions or complete ruptures.’®
None of them had functional recovery. A recent system-
atic review by Woodmass et al'? showed that nerve graft-
ing and motor nerve transfer have poor outcomes in CPN
palsy following knee dislocations and were therefore not
recommended. It was recommended that patients with
complete CPN rupture and those who do not show recov-
ery in their common peroneal function at three months,
should be offered a posterior tibial tendon transfer to
restore functional ankle dorsiflexion.’ In this systematic
review, 16/22 patients'? had their outcomes reported and
all of them regained ankle dorsiflexion against gravity with
a posterior tibial tendon transfer.

Meniscal and chondral injuries

Meniscal and chondral injuries are very common in MLKI.
Up to 55% of all patients with MLKI have meniscal injury
and up to 48% have chondral injury.'7-° Chondral injury
and combined medical and lateral meniscal tears have
been shown to be associated with inferior outcomes in
MLKI.2° These injuries must be identified and treated con-
currently during surgical reconstruction/repair.

Operative vs. non-operative treatment

Current literature has shown significantly better func-
tional outcomes with operative treatment of MLKI com-
pared with non-operative treatment.>2'-23 A recent
systematic review by Levy et al demonstrated higher mean
Lysholm scores, Tegner scores, better International Knee
Documentation Committee (IKDC) scores and higher
rates of return to work and pre-injury sports activities with
no difference in mean knee range of motion.2!

Non-operative treatment is only reserved for patients
who are unfit for surgery, frail or sedentary. They are
treated with a short period of immobilization and non-
weight-bearing followed by mobilization in a hinged knee
brace (Table 2).

Timing of surgery

Although there is general consensus on surgical treatment
providing better outcomes, there is ongoing debate and
controversy on the timing of surgery. There are three
approaches to the timing of surgery for MLKI: acute,
staged or delayed.3:21,24

Acute reconstruction/repair is defined as surgery per-
formed within three weeks of injury. Although this time

Table 2. Studies comparing operative with non-operative treatment in multiligament knee injuries

Author Study type Level of evidence  Year of publication No. of patients Lysholm score IKDC (% excellent/good)
Op Non-op Op Non-op Op Non-op

Wong et al?3 Retrospective IV 2004 15 11 NA NA 73 54

Rios et al2 Retrospective IV 2003 21 5 77 40 76 0

Ritcher et al™? Retrospective IV 2002 59 18 78 65 24 6

Dedmond etal® Meta-analysis IV 2001 132 73 85 67 NA NA

Note. IKDC, International Knee Documentation Committee.
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Table 3. Studies comparing timing of surgery for MLKI

Author Study type Level of Subjective outcomes
evidence  No. of patients (% excellent/good) Mean Lysholm score
Acute Staged Delayed  Acute Staged Delayed  Acute Staged Delayed
Jiang et al?* Systematic v 77 43 33 58.4 79.1 45.5 NR NR NR
review
Mook et al26 Systematic 1 244 106 46 51.5 78.7 37.3 83.1 85.0 85.4
review
Levy et al”! Systematic v 80 NR 50 47.0 NR 31.0 90.0 NR 82.0
review
Hohmannetal?’  Meta-analysis IV 149 NR 111 31.0 NR 15.0 Pooled estimates showed

significantly better scores in acute
surgery (SMD -0.669, 95% Cl:
0.379 to 0.959, p = 0.0001, 12 = 0%)

Note. NR, not reported; SMD, standardised mean difference.

frame is arbitrary, this is considered to be the critical time
frame within which soft tissue planes are still definable
without significant scarring. The damaged ligaments can
also be repaired as they are identifiable and not signifi-
cantly retracted. Authors who advocate acute surgery
argue that by repairing/reconstructing all the damaged
ligaments acutely, normal knee kinematics are more likely
to be restored. In addition, the risk of further meniscal or
chondral damage is lower. However, acute surgery carries
the risk of arthrofibrosis and knee stiffness.321.24 If arthro-
scopic repair/reconstruction is undertaken acutely, a delay
of 1-2 weeks to allow capsular healing is recommended
to prevent fluid extravasation.

Staged repair/reconstruction involves acute repair/
reconstruction of the extra-articular structures (medial
and lateral structures) with a delayed reconstruction of
the cruciate ligaments at a later date, once full range of
movement is restored.3:21,24

Delayed reconstruction is undertaken more than three
weeks after injury. Reconstruction is typically performed
as scarring and retraction of damaged structures would
prevent satisfactory repair. However, delayed reconstruc-
tion offers the advantage of better range of movement of
the knee and avoiding unnecessary repair/reconstruction
of structures which may heal with sufficient stability with-
out surgery.3.21,24

Due to the complexity of the injury and patient char-
acteristics, the literature on timing of surgery for multi-
ligament knee injury is unclear and conflicting. Early
literature suggested that delayed reconstruction yielded
better outcomes. This was due to the post-operative
rehabilitation and especially the length of time of immo-
bilization of the knee post-operatively, which tends to
cause arthrofibrosis in patients who undergo early sur-
gery. However, more recent literature has favoured
staged and acute surgery with improved surgical tech-
nique and aggressive rehabilitation.321,24

Systematic reviews by Jiang et al?®> and Mook et al?®
showed that staged reconstruction resulted in the best
overall outcomes in patients with Schenck classification KD
[l multiligament knee injuries. However, Mook et al dem-
onstrated a higher rate of anterior instability and further
treatment for knee stiffness post-operatively in patients
who underwent acute surgery. In other systematic reviews
conducted by Levy et al?’ and Hohmann et al,?” patients
who underwent early surgery were found to have better
clinical outcomes. However, both the studies included
patients with Schenck KD II, Il and IV injuries.

Our preferred strategy in managing these injuries is to
undertake staged reconstruction: we repair/reconstruct
extra-articular structures (i.e. medial and lateral structures
first) and undertake cruciate reconstruction at a later
stage, usually 6-8 weeks following the first procedure
(Table 3).

Graft choice

Graft selection can be challenging in multiligament knee
reconstruction. Surgeons have the option of using auto-
graft, allograft or synthetic graft. Each of these options has
its advantages and disadvantages (Table 4).28 The deci-
sion on graft choice usually depends on the number of
ligaments requiring reconstruction/augmentation, graft
availability, surgeon preference and the chosen surgical
technique for reconstruction (certain techniques require
longer grafts).?®

Autograft options include hamstring (gracilis and sem-
itendinosus) tendon, BPTB (bone-patella tendon-bone)
and quadriceps tendon (with or without a distal bone
block).?® These grafts can be harvested from the injured
knee or from the contralateral knee. Some surgeons prefer
to harvest the graft from the uninjured contralateral knee
to reduce further insult to the injured knee. Common allo-
grafts used in multiligament knee reconstruction include
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Table 4. Graft choices

Graft type

Uses

Advantages

Disadvantages

Hamstring tendon (gracilis
and semitendinosus)

BPTB autograft

Quadriceps tendon (QT)
autograft

Achilles tendon allograft

ACL, PCL, PLC, PMC,
sMCL

ACL, PCL

ACL, PCL

ACL, PCL, PLC

Length of graft

Can be quadrupled to increase diameter
Easy to harvest

Low donor site morbidity

Bone-to-bone fixation on both ends of
graft

Thick and strong graft

Bone-to-bone fixation on one end of graft
Thick and strong graft
Low donor site morbidity

Length and width of graft

Bone-to-bone fixation on one end of graft
No donor site morbidity

Less operating time

Soft tissue fixation
Some patients have small hamstring tendons
Graft harvesting increases operating duration

Anterior knee pain

Patella fracture (rare)

Patella tendon rupture (rare)

Cannot be used if quadriceps tendon (QT) graft
harvested from same knee

Graft harvesting increases operating duration
Patella fracture (rare)

Quadriceps rupture (rare)

Cannot be used if BPTB graft harvested from
same knee

Graft harvesting increases operating duration
Possible disease transmission

Expensive

May not be readily available

Tibialis anterior allograft ACL, PCL, PLC Good length

No donor site morbidity
Less operating time

Soft tissue fixation

Possible disease transmission
Expensive

May not be readily available
Possible disease transmission
Expensive

May not be readily available
Possible reactive synovitis

BPTB allograft ACL, PCL Same as BPTB autograft
No donor site morbidity
Less operating time
LARS ACL, PCL, PLC, PMC, No donor site morbidity
sMCL Less operating time

Readily available, inexpensive

Note. ACL, anterior cruciate ligament; PCL, posterior cruciate ligament; PLC, posterolateral corner; PMC, posteromedial corner; sSMCL, superficial medial collateral
ligament; BPTB, bone-patella tendon-bone; LARS, Ligament Augmentation and Reconstruction System.

Achilles tendon, extensor mechanism apparatus, BPTB or
tibialis anterior tendon. Allograft is expensive and may not
be readily available.?82° Synthetic grafts such as the Liga-
ment Augmentation and Reconstruction System (LARS)
can also be used in multiligament knee reconstruction.
Several studies have shown good outcomes with the use
of LARS ligaments in acute multiligament knee reconstruc-
tion (Table 4).30-32

Repair vs. reconstruction

In general, injured ligaments around the knee can only be
repaired if surgery is performed acutely (i.e. within three
weeks of injury). If surgery is undertaken later than three
weeks, reconstruction of the ligaments is preferred due to
lack of integrity of the soft tissues and poor definition of
soft tissue planes.

Medial structures
Medial collateral ligament (MCL)

Isolated MCL injury can often be treated conservatively
with a period of immobilization in a hinged knee brace.
Surgery is performed if there is ongoing laxity or instability.
However, a damaged MCL in the context of MLKI should
be repaired/reconstructed if it is found to be unstable dur-
ing examination under anaesthesia. A systematic review by
Kovachevich et al showed satisfactory outcomes for both
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MCL repair and reconstruction in the context of MLKI.33 In
addition, location of the tear and quality of tissue also
determines whether it can be repaired or reconstructed.
Mid-substance tears of MCL often cannot be repaired satis-
factorily and will require augmentation.

In combined anterior cruciate ligament (ACL) and MCL
injury, conservative treatment of the MCL with ACL recon-
struction has been shown to provide good outcomes.34:35
Halinen et al3* reported, in their randomized controlled
trial, that non-operative and operative treatment of MCL
injury with early ACL reconstruction yielded similar clini-
cal and functional outcomes. However, the non-operative
group had greater medial opening on valgus stress.34 Bio-
mechanical studies also showed that there is increased
force on the ACL graft in the presence of MCL injury and
there is greater laxity.36-3°

Combined early ACL and MCL reconstruction should
stabilize both structures simultaneously and reduce the
risk of graft loosening and failure, but it has a higher risk of
arthrofibrosis and a reduced range of movement. There-
fore, our preferred approach is to initially manage the
MCL injury in a knee brace with rehabilitation and under-
take a delayed ACL reconstruction six weeks following the
injury with examination of the knee under anaesthesia.
MCL reconstruction is only be performed if there is any
residual laxity with valgus stress at 30 degrees of knee flex-
ion. This approach is also supported by other authors.4°
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Posteromedial corner

The posteromedial corner is a structure located between
the posterior longitudinal fibres of superficial MCL and PCL
on the medial aspect of the knee.#142 The important struc-
tures in this area contributing to the posteromedial corner
include the posterior oblique ligament (POL), expansions
of semimembranosus, the oblique popliteal ligament and
the posterior horn of the medial meniscus.*243

The posterior oblique ligament (POL) is the most com-
monly injured structure of the posteromedial corner.#? It
was reported by Sims et al that the POL was injured in
99% of patients with anteromedial rotatory instability.*3
The POL is a primary stabilizer for internal rotation of the
tibia during knee flexion. It also prevents posterior tibial
translation and valgus stress in full extension.*! The impor-
tance of POL has been demonstrated in biomechanical
studies.#4-46

The POL ligament can be repaired or reconstructed in
the setting of MLKI after MCL repair or reconstruction.*!
Several techniques have been described to repair or
reconstruct the POL but there is no evidence to show
that one technique is superior to the other.4’=>1 In the
acute setting, the tissue quality of the damaged medial
structures is usually robust enough to facilitate a satisfac-
tory repair.#!

Lateral structures

Posterolateral corner (PLC)

Multiple techniques to repair or reconstruct the PLC of the
knee have been described in the literature. However,
recent studies have shown a significantly higher failure
rate of PLC repair as compared to reconstruction.>?=4 A
systematic review by Geeslin et al reported a 38% failure
rate in acute PLC repair with delayed cruciate ligament
reconstruction and a 9% failure rate in PLC reconstruction
with concurrent cruciate ligament reconstruction. There
are non-anatomical and anatomical reconstructions of the
PLC.>3:5> Non-anatomical reconstructions are either fibular
based (e.g. Larson’s reconstruction) or tibial based two-
tailed reconstructions.’33> More recently, with better
understanding of the anatomy and biomechanics of the
PLC, some authors have advocated that anatomical recon-
struction of the PLC restores the normal load sharing and
anatomical relationship of the PLC structures, thereby
reducing the risk of graft failure.>6-60

Although different techniques have been described to
reconstruct the PLC, there is a paucity of high-level evi-
dence to recommend the best reconstructive method.33:61
Avulsion of the lateral collateral ligament (LCL) from femo-
ral and fibular attachment can be repaired acutely but mid-
substance tears have to be reconstructed (Figs 5, 6 & 7).>¢

Fig. 5 Fibular sling reconstruction with one femoral tunnel
(Larson).
Source. With permission from Geeslin AG, Moulton SG, LaPrade RF. A sys-

tematic review of the outcomes of posterolateral corner knee injuries, part 1:
Surgical treatment of acute injuries. Am | Sports Med 2016;44:1336-1342.53

A B

Capsular Shift

Fig. 6 Fibular sling reconstruction with two femoral
tunnels (non-anatomic).

Source. With permission from Geeslin AG, Moulton SG, LaPrade RF. A sys-
tematic review of the outcomes of posterolateral corner knee injuries, part 1:
Surgical treatment of acute injuries. Am | Sports Med 2016;44:1336-1342.53
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Fig. 7 Anatomic posterolateral corner reconstruction as described by LaPrade.

Source. With permission from Geeslin AG, Moulton SG, LaPrade RF. A systematic review of the outcomes of posterolateral corner knee injuries, part 1: Surgical

treatment of acute injuries. Am J Sports Med 2016;44:1336-1342.53

Anterior cruciate ligament (ACL)

It is not within the scope of this review to discuss all the
controversies in ACL reconstructions. Our preferred strategy
to manage ACL rupture in the setting of MLKI is to perform
a staged reconstruction using an anatomical single bundle
reconstruction. We would use semitendinosus and gracilis
autografts from the ipsilateral or contralateral knee. How-
ever, if ACL reconstruction is performed acutely in the set-
ting of MLKI, or if autograft options are not available, the use
of allograft will be required. Some authors advocate double
bundle ACL reconstruction, but studies have shown similar
outcomes with single bundle reconstruction.6263 Recently,
some studies have reported good results in repairing the
ACL if the tissue quality allows. However, these are case
series with small numbers.64-67 A recent multicentre pro-
spective study reported satisfactory results with primary
repair of MLKI with suture augmentation. However, the fol-
low-up period is short with a revision rate for instability of
14.5% and a post-operative manipulation rate of 23.2%.68

Posterior cruciate ligament

Several methods have been described to reconstruct the
PCL. These include transtibial or tibial inlay single bundle
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reconstructions and transtibial or tibial inlay double bun-
dle reconstructions.%79 In recent studies, double bundle
reconstructive techniques have been shown to more
closely restore knee kinematics and to have less residual
posterior translation as compared with single bundle
reconstruction.”’72 However, there was no difference in
clinical outcomes.”"72 Primary repair of PCL has also been
shown to give good outcomes.%*¢7 Bony avulsions should
be repaired if possible.

Levy et al concluded in their systematic review that PCL
reconstructions may yield better clinical outcomes than
surgical repair in MLKI.2" However, the level of evidence is
low and further studies are required.

Rehabilitation

It is difficult to draw definite conclusions from the litera-
ture regarding the best rehabilitation protocol due to the
paucity of high-level evidence and the differences in reha-
bilitation protocols.”> Mook et al showed in the their
systematic review that early mobilization following sur-
gery for acute surgery MLKI resulted in better range of
motion and stability.?6 Most authors would also recommend
an initial period of non-weight-bearing for 4-6 weeks
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followed by active mobilization and progressive weight-
bearing and avoiding passive stretching.”3

Conclusions

In conclusion, multiligament knee injuries are devastating
injuries which require careful clinical assessment. The best
management strategy for these injuries remains unclear
due to the paucity of high-level evidence. Prospective,
randomized studies involving multiple centres are likely
required to produce more definite conclusions.
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