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Introduction 

Multiligament knee injury (MLKIs) is a rare condition, 
making up the 0.02% of the orthopedic injuries, but are 
potentially devastating to patients. The management of such 
lesions mandates a clear knowledge of the anatomy on all 
sides of the joint. In addition to the ligamentous injury, the 
surgeon must also be vigilant for vascular or neurological 
damage that can often complicate MLKIs (Figures 1,2). There 
are several strategies for the management of knee dislocation 
which in many cases are controversial (1,2). The nonoperative 
treatment has historically represented the standard of care for 
decades, however, the results in term of range of motion and 
clinical outcomes were reported to be poor (3,4). Therefore, 
surgery is recommended with the aim to repair or reconstruct 
all the structures involved by the injury (5,6). However, even 
after surgery, MLKIs are burdened with high rates of knee 
stiffness and recurrent instability (5-7). Hanley et al. in a 
recent study reported a postoperative stiffness rate up to 20%. 
This complication occurs particularly if the injury involves 
three or more ligaments, because extensive hemarthrosis and 
surrounding soft tissue damage often can lead to secondary 
adhesion and capsulitis (8). Numerous authors advocate the 

use of aggressive rehabilitation protocols to reduce the rate 
of arthrofibrosis despite the risk of increasing the stress on 
immature grafts (9). Therefore, articulated external fixator 
(EF) has been proposed for protecting the grafts during 
intensive postoperative physical therapy. EF has also been 
advocated in the pre-operative period, in case of chronic 
knee dislocations (7,10,11) and periarticular fracture (12)  
(Figures 3,4).

External fixator biomechanics

The original surgically emplaced hinge was developed 
for the use on elbow (Compass Elbow Hinge, Smith and 
Nephew). Since that time different prototypes have been 
developed and used in the clinical setting. In the first 
cadaveric study performed by Simonian et al. in 1998, 
compression-distraction and anteroposterior translation 
of the knee during flexion-extension were evaluated using 
fluoroscopy in two settings: first with intact ligaments 
and then with multiligament disruption. In both settings 
the knee was immobilized using a hinged EF. The results 
were then compared with the contralateral healthy knee in 
order to identify if this type of immobilization was able to 
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reproduce the native knee kinematics. The authors did not 
report differences regarding the compression-distraction 
part of the test, while there was a statistically significant 
posterior tibial translation in the multiligament injured 
setting when the knee reached 60° of flexion (13).

Figure 1 Anteroposterior and lateral radiography of a 33 years 
old man after a motocross accident. The patient has a posterior 
knee dislocation with disruption of ACL, PCL, PLC, MCL and a 
popliteal artery transaction. ACL, anterior cruciate ligament; PCL, 
posterior cruciate ligament; PLC, posterolateral corner; MCL, 
medial collateral ligament.

Figure 2 The same patients after a successful and stable reduction 
obtained after the positioning of an external fixator (EF).

Figure 3 KD-V fracture dislocation in a 28 years old get run over by a 
car before the application of an external fixator. KD, knee dislocation.

Figure 4 The same patients after the application of the external 
fixator (EF).
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Since that time, the biomechanics of the hinged EF has 
substantially improved aiming to reproduce the four-bar 
linkage model of the knee and guide the posterior rollback 
of the femoral condyle during knee flexion. Recently, 
Marcacci et al. performed an in vitro kinematic evaluation of 
the tibial movement respect to the femur with and without 
a hinged EF. This device allows only flexion-extension of 
the knee (between 0–100°) and the posterior rollback of the 
knee while internal-external rotation is fixed. Their results 
show that, if the pins are placed correctly and the EF is 
positioned according to the transepicondylar axis, the device 
is able to reproduce the natural knee motion throughout the 
flexion-extension movement. Therefore, correct alignment 
of the knee flexion-extension axis with the fixator axis is 
crucial to avoid abnormal forces on the grafts (14).

Recently Mercer et al. evaluated the stiffness of knee-
spanning EF in a different configuration. Their results 
show that a hinged fixator provides as much stiffness as the 
unhinged configuration, hence it should not be avoided 
based on concern for instability (15). Similarly, Fitzpatrick 
et al. investigated on a cadaveric model the ability of an 
articulated fixator to reduce stresses on the setting of a 
multiligament injured knee. Their results showed a reduced 
tibiofemoral translation by 49% for Lachman test, by 70% 
for anterior drawer test and 46% for posterior drawer test. 
The authors did not notice differences, in terms of joint 
displacement and ligament protection between mono- and 
bilateral fixator configuration (16).

Knee immobilization in the pre-operative period

Bracing versus external fixation: indications

Once the knee has been satisfactory reduced, vascular injury 
has been ruled out and physical examination and imaging 
studies have been performed, the surgeon must plan a 
surgical reconstruction. There are two potential approaches 
reported in the literature. Some surgeons prefer to address 
all the torn ligaments in the acute setting (defined as less 
than 2–3 weeks) while others perform surgery after this 
period (17). This delay allows the inflammatory phase to 
subside and to restore range of motion, reducing the risk of 
arthrofibrosis. In this setting, if arthroscopy is performed, 
there is no risk of a damaged capsule can that lead to 
fluid extravasation and compartment syndrome. Other 
authors advocate an early reconstruction, and their choice 
is supported by a systematic review conducted by Levy et 
al. where higher functional outcome, International Knee 

Documentation Comitee (IKDC), and sports activity score 
have been reported in patients treated within 3 weeks. 

Regardless of the surgical timing, in the pre-operative 
period immobilization of the knee can be achieved with a 
knee brace locked in extension or with an EF. Casting or 
splinting are not indicated due to the risk of circumferential 
compression of the limb and the reduced possibility to 
identify vasospasm or vascular intimal flap lesion that can 
cause ischemia even after several hours from the injury. If a 
knee brace is applied, several X-rays should be performed 
in the pre-operative period to confirm that the reduction is 
maintained. If the brace is not able to avoid subluxation of 
the knee, then the application of an EF should be considered.

Indications
The indications for the use of spanning EF are controversial. 
In the literature some authors advocate its use in a subgroup 
of patient:

(I) severe polytrauma;
(II) open dislocation;
(III) patients with an unstable knee even after a successful 

reduction, particularly if the instability is in the 
anteroposterior plane;

(IV) vascular surgery, in order to avoid stress forces on 
the vascular graft;

(V) morbidly obese patients [body mass index (BMI) >35];
(VI) inability to tolerate immobilization in a knee brace 

alone.
It is important to underline that the pins should be 

placed at a certain distance from the future surgical incision 
following AO guidelines and that a spanning EF should 
not be applied for more than 6 weeks, otherwise the risk of 
arthrofibrosis is higher (18).

Knee immobilization in the post-operative period

Bracing versus external fixation: failure, range of motion, 
clinical score

In the last years, several publications have advocated the use 
of hinged EF in the context of MLKIs reconstruction when 
surgery needs to be delayed. Stannard et al. reported a lower 
incidence of ligament failure in the group treated with a 
hinged EF. Their results show a 7% of overall ligament 
failure in the EF group versus 29% in the group treated with 
a knee brace at 24 months of follow-up. Specifically, the 
failure rate of the Posterolateral corner repair was only 13% 
in the EF group versus the 54% in the control group (9). 
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A similar statistically significant (P<0.001) lower rate of 
ligament failure was reported in a prospective randomized 
trial at a follow up of 3.3 years. The failure rate was 21% in 
the knee bracing group (22 of 105), while the percentage 
in the group with external stabilization was 7% (11 of 157). 
Similarly, when the patients experienced a ligament failure, 
they were less likely to have multiple ligament failure if they 
were immobilized with the EF (failure per patient was 1.57 
versus 2.44) (19). 

These data are in contrast with the results of Angelini 
et al. In their prospective study, 33 patients were allocated 
to two groups for immobilization after reconstruction  
(cast vs. EF). At the final follow-up of 26 months, there 
were no difference in ligament stability between groups (20).

The range of  motion in f lexion-extension was 
documented in two different studies by Stannard et al. after 
acute MLKI surgery and aggressive rehabilitation. In both 
studies there were no statistical differences between the two 
types of immobilization (9,19). 

Conversely, Angelini et al. reported better knee flexion 
in patients treated with EF: the flexion deficit was only 5° 
compared with 18° measured in the group immobilized 
with the knee brace. No difference in extension loss 
was reported (20). If we focus on the clinical results, 
other authors did not notice any difference at the final 
examination (9,19). While, in a randomized controlled 
trial, at 14 months of mean follow-up, patients treated 
with an EF showed better Lysholm scores, with the 73% 
of patients with excellent or good clinical score, compared 
with 35% of the patients immobilized with rigid knee 
bracing (20). 

There are several disadvantages to use the articulated EF 
that must be balanced against the improvement in terms of 
stability. The application of this device provides additional 
surgical cost and prolong the surgical time of approximately 
30 minutes. Moreover, superficial infection on the site of 
the fixator pins has been reported (18,19). Furthermore, it 
is difficult to tolerate it, since the femoral pins cause often 
pain when the knee is flexed beyond 60°.

Conclusions

There is still no consensus in many aspects of the 
management of MLKI. Among these it is still unclear 
which type of immobilization is the most appropriate. A 
postoperative brace appears to be appropriate for most 
knee dislocation but, in some cases, may not be sufficient. 
A hinged EF should be considered as an alternative option 

in patients with highly unstable knee, vascular damage, 
morbidly obese or severe polytrauma. Additional studies at 
a longer follow-up could help the surgeon to identify the 
right candidate for a skeletal fixation and help to clarify if 
the disadvantages of such procedure are compensated by 
better clinical outcome.
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