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Abstract

Purpose of Review To provide an overview of the current evidence of the timing of surgery and rehabilitation after multi-
ligamentous knee injuries (MLKIs) and offer insights into the ongoing multi-center randomized controlled study, the ‘STaR
trial’.

Recent Findings Due to the complexity of the MKLIs, they are usually treated surgically with the goal of either repairing
or reconstructing the injured ligaments. Although the current literature on MLKIs is relatively extensive, the consensus on
the timing of surgery or rehabilitation following surgery for MLKIs is still lacking. While current literature mostly suggests
early treatment, there is also evidence preferring delayed treatment. Furthermore, evidence on the timing of postoperative
rehabilitation is limited. Thus, the current multi-center randomized controlled study, the ‘STaR trial’, is expected to respond
to these questions by adding new high-level evidence.

Summary The MLKIs are often associated with knee dislocation and constitute a highly complex entity, including con-
comitant injuries, such as neurovascular, meniscal, and cartilaginous injuries. The treatment of MLKIs usually aims to either
repair or reconstruct the injured ligaments, however, there is no general consensus on the timing of surgery or rehabilitation
following an MLKI surgery. This current review stresses the need for more high-level research to address the paucity of
evidence-based treatment guidelines for the treatment of complex MLKIs.
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Fig. 1 MRI of MLKI involving
ACL, PCL, and PLC. ACL=ante-
rior cruciate ligament; MLKI=mul-
tiligamentous knee injury;

MRI =magnetic resonance imaging;
PCL =posterior cruciate ligament;
PLC=posterolateral corner

Table 1 Anatomic classification of knee dislocation according to
Poploski et al. [5].

MLK 1-AM Complete tear of the ACL with complete tear of
the sMCL and/or PMC

MLK 1-AL Complete tear of the ACL with complete tear of
the LCL and/or PLC

MLK 1-AML Complete tear of the ACL with complete tear of
the sMCL and/or PMC and the LCL and/or PLC

MLK 1-PM Complete tear of the PCL with complete tear of
the sMCL and/or PMC

MLK 1-PL Complete tear of the PCL with complete tear of
the LCL and/or PLC

MLK 1-PML Complete tear of the PCL with complete tear of
the sMCL and/or PMC and the LCL and/or PLC

MLK 2 Complete tears of the ACL and PCL without
injury to the sMCL, PMC, LCL, or PLC

MLK 3-M Complete tears of the ACL and PCL with com-
plete tear of the sMCL and/or PMC

MLK 3-L Complete tears of the ACL and PCL with com-
plete tear of the LCL and/or PLC

MLK 4 Complete tears of the ACL, PCL, sMCL and/

orPMC, and LCL and/or PLC
ACL: Anterior cruciate ligament; LCL:Lateral collateral liga-
ment; MLK: Multiligamentous knee injury, PCL: Posterior cruciate
ligament; PLC: Posterolateral corner; PMC:Posteromedial corner;
sMCL: Superficial medial collateral ligament

Introduction

Multiligamentous knee injuries (MLKIs) are severe, limb-
threatening injuries that can occur either in conjunction
with tibiofemoral dislocation or independently. The defi-
nition of MLKI requires the injury of at least two of the
four knee ligaments, including the anterior cruciate liga-
ment (ACL), posterior cruciate ligament (PCL), medial
collateral ligament (MLC) lateral collateral ligament (LCL)
and posterolateral corner (PLC) (Fig. 1). These injuries are
usually associated with sporting activities, such as skiing
and American football, or high-velocity events like motor
vehicle accidents [1]. In some cases, MLKIs may also be
linked to low-velocity injuries, particularly in patients with
high body mass index [2].

MLKIs have traditionally been classified using the
Schenck classification system, which categorized the injured

ligaments, the number of injured structures, and the eventual
presence of concomitant periarticular fractures, [3] or by the
Moore classification system in cases of fracture-dislocations
[4]. However, a new classification system, focusing on the
pathoanatomy of MLKIs has recently been developed as
a part of a large multi-center randomized controlled study
called ‘the Surgical Timing and Rehabilitation (STaR) trial’
(Table 1) [5]. Due to the complexity of the MKLIs, they
are usually treated surgically with the aim of either repair-
ing or reconstructing the injured ligaments [6, 7]. Although
the current literature on MLKIs is relatively extensive, there
is still no consensus on the timing of surgery or rehabilita-
tion following surgery for MLKIs. Thus, the goal of this
review is to provide an overview of the current evidence
of the timing of surgery and rehabilitation after MLKIs and
offer insights into the ongoing multi-center randomized
controlled study, the ‘STaR trial’.

Associated Injuries

MLKIs are commonly associated with other concomitant
injuries, such as neurovascular, meniscal, and cartilaginous
injuries, as well as intra-articular fractures. While peroneal
nerve injuries have been reported to occur in approximately
19% of MLKI cases, vascular injuries have been shown to
present in 18% of MLKI injuries, depending on the nature
of the injury [8]. Neurovascular injuries have shown to
occur most commonly along with MLKI injuries involving
structures such as PCL, LCL, and/or PLC [5]. Concomitant
meniscal injuries have been shown to exist in approximately
56% of MLKI injuries, most commonly occurring along
with MLKIs involving ACL [5]. Cartilaginous injuries have
been associated with approximately 28% of MLKI cases [8],
with an incidence of 40% in combined ACL and PCL recon-
struction cases [9]. Finally, the incidence of intra-articular
fractures, involving the femoral condyle or tibial plateau, is
not fully understood as many current studies have excluded
concomitant fractures [10—12]. Nevertheless, a recent study,
aiming to report characteristics of MLKIs using a patho-
anatomic MLKI classification system, demonstrated the
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incidence of intra-articular fractures in combination with
MLKIs varying between 2% and 25% [5]. Notably, these
intra-articular fractures were most commonly observed in
knees with injuries to the MCL and/or PMC, coupled with
injuries to the LCL and/or PLC, in combination with either
ACL or PCL injury.

Treatment
Immediate Management

Early management principles of MLKI are relatively well
established. Generally, Adult Trauma Life Support (ATLS)
principles should be applied for all high-energy MLKIs
when presenting in the acute setting. A thorough neuro-
vascular examination has to be performed, including distal
pulses and sensitivity, capillary refill time, motor function
of all limb compartments and further examination such as
the ankle brachial pressure index (ABPI). Any pathologi-
cal finding mandates immediate exploration by a vascular
surgeon. In the presence of a knee dislocation, primary
management is the immediate reduction of the knee joint
(Fig. 2). Restoring anatomical alignment is supposed to
prevent further damage to intra- and extraarticular tissues
and neurovascular structures. To ensure adequately main-
tained reduction, the knee joint should be immobilized in a
splint and radiographs should be obtained. If surgical inter-
vention is required for a vascular injury, an external fixator
can be applied concomitantly. This may also be indicated
in the presence of fractures, open injuries or in cases where
concentric alignment of the knee joint cannot be achieved
or maintained by closed reduction and splinting [13]. Gen-
erally, all acute MLKI should be considered and treated
as a knee dislocation whether witnessed or not, consider-
ing potential spontaneous or pre-hospital reduction [14].

Fig. 2 X-ray of Posterior Tibiofemoral Dislocation and Reduced Tib-
iofemoral Joint

@ Springer

Accurate and vigilant treatment is required to avoid over-
sights or misdiagnoses, which might endanger limb pres-
ervation and might cause devastating short- and long-term
outcomes [15].

Surgical vs. Non-Surgical Treatment

Due to a paucity of high-level evidence on which to base
treatment decisions, controversy regarding optimal man-
agement remains, as there is currently no comprehensive
consensus approach to the treatment of MLKI [16]. The
heterogeneous nature of these injuries and advances in
surgical techniques must be considered when compar-
ing operative versus non-operative approaches of MLKI.
However, the vast majority of current literature suggests
that operative treatment is superior in improving functional
and clinical outcomes [11, 12, 17-20], as well as associ-
ated with higher rates of return to work and activity [17,
19-21] when compared to nonoperative management.
Non-operative treatment may be considered in exceptional
cases, i.e. comorbidities, concomitant traumatic injuries, or
immobility contraindicate knee surgery. In summary, surgi-
cal stabilization can be considered the current standard for
management in medically appropriate patients with MLKI.

Timing of Surgery (Acute vs. Delayed)

Although there is now general consensus on operative treat-
ment providing better outcomes for most patients, there is
ongoing debate on the optimal timing of surgery for MLKI.

Supporters of early surgery argue for operating within
the acute phase after injury, within which identification of
injured structures and neurovascular anatomy is not sig-
nificantly impaired by scar formation. Avoiding substan-
tial scarring or degeneration of damaged tissue in an early
approach is particularly important in the case of bony avul-
sions and when considering ligament repair techniques [22].
Furthermore, many authors advocate for early surgery to
enable the earlier beginning of rehabilitation with restored
joint mechanics, ultimately yielding better functional out-
comes [7, 10, 11, 23] and reduced risk of subsequent chon-
dral or meniscal damage. However, there is currently no
consensus on the critical time frame for early surgery, with
many authors suggesting two or three weeks within injury.
[10, 11, 14, 24]

Other authors have reported favorable outcomes of a
staged approach [25]. Delayed operative management has
been associated with advantages, such as reduced swell-
ing, improved preoperative range of motion, and initiation
of rehabilitation before surgery. Early surgery in the pres-
ence of capsular injury may lead to fluid extravasation and
increased risk of compartment syndrome [13]. Delaying
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surgery may further avoid unnecessary operative treatment
by enabling the healing of structures with intrinsic healing
potential, such as the MCL before then surgically targeting
those structures that have not healed. Supporters of delayed
surgery further argue that acute surgical management of
cruciate ligaments has been associated with a higher inci-
dence of arthrofibrosis [26].

Beyond these arguments it is important to note, that sur-
gical timing may be dictated by external factors. Early, non-
ligamentous surgical intervention may be necessary under
certain circumstances including neurovascular injury and
open or non-reducible knee dislocation. Likewise, concom-
itant life-threatening injuries may preclude early ligament
reconstruction. Studies investigating optimal surgical time
management are complicated by a large number of con-
founding factors. Most of the currently available knowledge
is based on retrospective studies and randomized controlled
trials are scarce.

One-Stage vs. Two-Stage

In addition to deciding whether to pursue acute or delayed
treatment of a MLKI, these procedures can also be done in a
staged fashion. While less common, a recent analysis of the
treatment of patients with MLKI reported that staged proce-
dures were used for 5.8% of cases, particularly in injuries
that involved both medial and lateral-sided injuries. Most
commonly, surgical treatment of the peripheral structures
was performed during the initial surgery followed by the
central structures later [5]. This is often seen in patients with
acute bony injuries in which treatment of the medial or lat-
eral-sided injury is performed acutely to ensure the ability
to repair fracture fragments or in the setting of acute menis-
cal injuries that require reduction. Furthermore, this two-
stage technique may be chosen in patients who may not be
stable or medially cleared to undergo an MLKI reconstruc-
tion procedure. A recent study compared matched patients
who underwent one-stage and two-stage surgical procedure
in the treatment of MLKI involving the posterolateral cor-
ner found no difference in patient reported outcome scores
(Lysholm or the International Knee Documentation Com-
mittee (IKDC)). However, there was an increase in patients
who developed stiffness requiring manipulation under anes-
thesia in the group of patients that had a one-stage proce-
dure [27]. Given that staging can occur for multiple reasons
including injury characteristics such as concomitant injuries
or severity of injury, it is difficult to generalize these find-
ings to all patients with MLKIs.

Surgical Technique
Repair vs. Reconstruction

The decision to repair versus reconstruct (or augment with
reconstruction and repair) in the context of MLKI is unique
to the specific injury pattern and often timing between
injury and presentation for evaluation. In general, cruciate
ligament injuries are typically treated with reconstruction
and acute bony avulsions should be repaired acutely if pos-
sible. With respect to medial-sided injuries, MCL and PMC
injuries have shown good outcomes with both repair and
reconstruction with no overwhelming evidence suggest-
ing the superiority of one technique over the other [28]. A
recent review of 24 patients with KDIII-M injuries with a
follow-up of over 6 years found that repair of medial-sided
structures was a negative predictor for IKDC or Lysholm
scores post-operatively [29]. However, other studies have
demonstrated that having an MCL reconstruction compared
to a repair was a significant risk factor for both IKDC and
Lysholm scores being less than or equal to 75 [30]. This
lack of consensus suggests that decision-making should
be individualized for each patient and specific injury. It is
the author’s preference to repair the MCL when able and to
restore the native anatomy. If the remaining tissue is of poor
quality or too encased in scar tissue to repair, then augmen-
tation or reconstruction is performed. If in addition to valgus
instability, the patient has anteromedial rotatory instability,
the MCL in addition to the PMC structures should also be
repaired or reconstructed with several techniques described
[7, 14].

With respect to lateral-sided injuries of the LCL and
PLC, literature has supported reconstruction over repair in
the context of MLKIs. In a consensus statement of inter-
national PLC experts published in 2019, anatomic postero-
lateral corner reconstruction was the preferred technique
with repair of the primary PLC structures (LCL/popliteus
tendon) being recommended in the context of bony avulsion
injuries [31]. In a recent systematic review of 12 studies and
288 patients, an overall failure rate of 12.4% was observed
with surgical failure significantly higher in patients under-
going repair (21.9%) compared to reconstruction (7.1%)
[32]. There are several described reconstruction options for
PLC injuries with the two most common variations being
fibular based reconstruction with a single graft and a two-
tailed reconstruction with one limb recreating the function
of the LCL and the other the popliteus. There is no evidence
of one technique being superior [33, 34].
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Postoperative Rehabilitation

The current evidence on postoperative rehabilitation is
inconclusive, as the literature is divided between early
and delayed rehabilitation without clear recommendations
favoring one over the other. However, the ongoing ‘STaR
trial’ seeks to address this question. The study includes two
arms, with one specifically designed to provide evidence on
the timing of postoperative rehabilitation. The postoperative
rehabilitation includes general brace use, at least during the
first six weeks following the surgery. No hyperextension is
allowed until six weeks postoperatively. Furthermore, no
active hamstring contraction is allowed until eight weeks
postoperatively if either the PCL or posterior capsule is
injured.

Early rehabilitation is initiated after the first postopera-
tive visit, with weight bearing as tolerated and unrestricted
range of motion in a brace. However, it is important to be
aware that this protocol is not an ‘accelerated protocol’ as
no overpressure, end-rage stretching/mobilization, or pain-
ful weight bearing is allowed. During the first postoperative
week, patients are advised to wear a brace locked in exten-
sion with a non-weight bearing gait and crutches. Seven to
ten days postoperative, flexion range of motion and weight
bearing are allowed to tolerance depending on the type of
injury (Table 2.) Toward the four weeks postoperatively,
the knee range of motion is allowed to be between 0 and
45 degrees. If more than ten degrees of flexion contracture
remains at the six-week postoperative mark, patients are
advised to contact their surgeon. In contrast, delayed reha-
bilitation is initiated four weeks after surgery, thus, patients
are advised to wear a brace locked in extension with a

Table 2 Tissue-specific Rehabilitation modifications (STaR trial)

Tissue Rehabilitation Modifications
ACL » No modifications
PCL * Protect posterior translation of the tibia for 6 weeks

* No active hamstring contraction for 8 weeks
PLC * Follow PCL rehab modifications
* Avoid rotation and varus stress for
6 weeks (minimum)
* Avoid passive hyperextension beyond 0 degrees of
extension (8 weeks)

MCL * Perform ROM exercises with foot internally rotated
* Avoid excessive valgus forces (8 weeks)
* Protect hyperextension if the capsule is involved
(8 weeks)
Meniscus « Brace locked in extension for 4 weeks, WBAT
Root/Body  * Avoid WB flexion for 4 weeks
Repair * Limit NWB flexion ROM to 90 degrees for 4 weeks

* No active hamstring contraction for 8 weeks for
meniscus repairs

ACL: Anterior cruciate ligament; MCL: Medial collateral ligament;
PCL: Posterior cruciate ligament; PLC: Posterolateral corner; NWB:
Non-weight bearing; ROM: Range of motion; WB: Weight bearing;
WBAT: Weight bearing as tolerated
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non-weight-bearing gait without any joint motion during the
first four postoperative weeks.

Post-Operative Outcomes

Previous literature has reported a higher percentage of
excellent or good IKDC scores in surgically treated patients
compared to those undergoing nonsurgical treatment (58%
vs. 20%) [7]. Furthermore, higher rates of return to work
and sport have been associated with surgical treatment
[21]. Thus, 72% and 29% of patients undergoing surgical
treatment for their MLKI have been reported to return to
work and sports, respectively, while only 52% and 10% of
patients treated with nonsurgical treatment are able to return
to work and sports, respectively [7]. Similar to nonsurgical
treatment, repair has been associated with inferior postop-
erative outcomes compared to reconstruction, as decreased
stability, range of motion and lower rates of return to play
following repair compared to reconstruction have been
demonstrated (0% vs. 33%) [7]. Furthermore, a higher fail-
ure rate following PLC surgery was reported in those under-
going repair vs. reconstruction (37% vs. 9%).

The concomitant injuries along with MLKIs have also
been shown to correlate with inferior postoperative out-
comes. While overall return to any work rates after surgical
treatment of MLKI vary widely and are patient- and injury-
specific, some research has reported rates as high as 80%.
[21] It is also important to note that while some individu-
als may return to work, they may not reengage in the same
level of functional demand or duty. Finally, 23% of patients
treated for combined ACL, PCL, medial and/or lateral inju-
ries have been demonstrated to sustain generative joint dis-
ease [35] impacting their later knee function and subsequent
quality of life.

Complications

The MLKIs can have limb-threatening complications even
prior to any surgical intervention, such as nerve or vascu-
lar injuries with an incidence of up to 40% [36]. Surgery is
typically indicated for MLKIs, and there are multiple poten-
tial postoperative complications that occur more frequently
after MLKI reconstruction or repair compared to when a
single ligament is fixed. Common postoperative complica-
tions after multiligament knee reconstruction include wound
infection requiring irrigation and debridement, arthrofibro-
sis requiring manipulation under anesthesia and/or lysis of
adhesions, deep vein thrombosis (DVT), need for removal
of hardware, and revision ligament surgery for graft failure
[371].

A retrospective case-control study of 108 patients with
MLKI who underwent reconstruction found that 29.6% of
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patients had at least one postoperative complication. In the
group of patients sustaining complications, the rates for
each complication were: 16.7% for arthrofibrosis, 6.5% for
wound infection, 5.6% for revision ligament surgery, 4.6%
requiring removal of hardware, and 1.8% for DVT [37]. In
contrast, the overall postoperative risk of arthrofibrosis and
wound infection requiring intervention for isolated ACL
reconstruction is reported to be 2% and 1%, respectively
[38, 39]. The authors also found that smoking and planned
staged surgery significantly increased the overall complica-
tion risk, while increased length of time from injury to sur-
gery significantly decreased this risk [37].

A systematic review examining 36 studies with 4,159
patients who underwent MLKI surgery identified a post-
operative stiffness rate of 9.8%. The authors found that the
risk of postoperative stiffness was significantly lower for
patients with 2 injured ligaments compared to >3 ligaments,
and early surgery (<3 weeks) had significantly increased
odds of postoperative stiffness compared to delayed surgery
(=3 weeks) [40]. Regarding the timing of surgery, there are
many confounding factors that may contribute to the inci-
dence of stiffness with early or delayed surgery. To better
answer the question of ideal surgical timing for MLKIs
without retrospective bias, a multicenter randomized clinical
trial is currently underway comparing early versus delayed
surgery and postoperative rehabilitation after MLKI [41].

Conclusion

The MLKIs are often associated with knee dislocation and
constitute a highly complex entity. Common concomitant
neurovascular, meniscal, and cartilaginous injuries neces-
sitate comprehensive and vigilant management. Usual
treatment aims to either repair or reconstruct the injured
ligaments, however, there is no general consensus on the
timing of surgery or rehabilitation following surgery for
MLKIs. Our review stresses the need for more high-level
research to address the paucity of evidence-based treatment
guidelines for these complex injuries to ultimately improve
outcomes for patients.
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