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14.1 Introduction

Acute knee dislocations are infrequent injuries; however, the sequelae may be quite
severe and potentially limb threatening. Furthermore, the incidence of acute knee
dislocations has been rising. The increased incidence may be a by-product of esca-
lated involvement in contact athletics coupled with an increased participation in
nontraditional sporting and recreational activities such as the riding of motorbikes,
snowmobiles, and all-terrain vehicles. Although there is a rise in the incidence of
knee dislocations, there is a lag in high-level-of-evidence studies from which a con-
sensus statement on the treatment of these injuries may be derived. However, from
the available prospective studies and systematic reviews in conjunction with our
senior author’s expert opinion, we have compiled this guide to the treatment of the
acutely dislocated knee.

14.2 Definition

The definition of a knee dislocation is most simply the complete disruption of the
tibiofemoral articulation. Following the acute event, the knee may spontaneously
reduce or it may remain dislocated. The dislocation event is always coupled with a
multiligamentous knee injury of variable degree. The definition of a multiligamen-
tous knee injury is the rupture of two or more of the major ligaments/ligamentous
complexes of the knee: anterior cruciate ligament (ACL), posterior cruciate ligament
(PCL), medial collateral ligament (MCL), posteromedial corner (posterior oblique
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ligament, semimembranosus expansions, oblique popliteal ligament; PMC), lateral
collateral ligament (LCL), or posterolateral corner (LCL, popliteus, and popliteo-
fibular ligament; PLC). Most commonly, an acute dislocation results in rupture of
both cruciates (ACL and PCL) and one additional ligamentous structure [1-5]. Less
frequently, but described in the literature, is the occurrence of an acute knee dislo-
cation with a resultant ligamentous injury that spares the PCL, the so-called PCL-
intact knee dislocation [4, 6, 7].

14.3 Epidemiology and Mechanism

Knee dislocation is a relatively rare injury, constituting 0.02-0.2 % of all orthopedic
injuries [8—11]. However, some authors suggest the incidence of knee dislocation
may be significantly higher because the vast majority of dislocations spontaneously
reduce prior to hospital presentation. The patient demographic tends to be young
males, with a male-to-female ratio of 4 to 1. These injuries are most frequently
(50 %) caused by a high-velocity mechanism such as a motor vehicle accident,
motorcycle collision, or all-terrain vehicle. One of the most typical mechanisms of
dislocation in the high-energy cohort is a posteriorly directed force on the tibia as it
strikes the dashboard or steering wheel during a crash [1, 12]. High-energy knee
dislocations are present as a component of the polytraumatized patient in 14-44 %
of cases. Although the likelihood of bilateral knee dislocations is quite low at 5 %,
the rate of open injury associated with a knee dislocation ranges from 5 to 17 % in
the literature [13].

An additional one-third of knee dislocations are secondary to low-velocity sports
injuries, while one-tenth of all dislocations are due to a fall [14]. Shelbourne pre-
sented a case series of low-velocity knee dislocations secondary to football, wres-
tling, and running injuries [14]. The characteristic mechanism of injury in the
athletic knee dislocation is a contact or collision that forces the knee into hyperex-
tension combined with excessive varus or valgus force. It is important for the team
physician to distinguish this mechanism from that of an isolated ACL rupture,
which is typically sustained via a noncontact injury mechanism. An additional
mechanism of injury, as described in the literature, is the “spontaneous” dislocation
in the morbidly obese patient [15, 16].

14.4 Classification

The original knee dislocation classification system was proposed by Kennedy in
1963 and was purely descriptive in nature based upon the direction of the disloca-
tion [12]. The five categories based on direction were anterior, posterior, medial,
lateral, and rotatory. Based on direction, anterior dislocation is the most common
followed by posterior dislocation. Rotatory dislocation is the least common [12, 17].
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Table 14.1 Knee Anatomic classification of knee dislocation
dislocation anatomic

classification system KD-I Single cruciate torn (ACL or PCL)
KD-II Bicruciate tears (ACL and PCL)
KD-III Bicruciate tears plus MCL or LCL/PLC
KD-IV ACL, PCL, MCL, LCL/PLC tears
KD-V All ligaments with an associated fracture

Adapted from Schenck [18]

ACL anterior cruciate ligament, PCL posterior cruciate ligament, MCL
medial collateral ligament, LCL lateral collateral ligament, PLC pos-
terolateral corner

A limitation of this system was that it could not be used in cases of dislocation fol-
lowed by spontaneous reduction. Schenck proposed a modified classification sys-
tem that accounts for the pattern of injury and is thus anatomically based (Table 14.1)
[18]. The anatomic classification of knee dislocations helps to guide treatment and
provides a “common language” to compare outcomes for different injury patterns
and across different studies in the literature.

14.5 Initial Evaluation and Management

Identification of a knee dislocation is relatively easy if the knee remains dislocated
at the time of presentation; however, a high index of suspicion is necessary in
cases of dislocation followed by spontaneous reduction in the field. The clinician
should be highly suspicious for knee dislocation if there is misalignment of the
affected lower extremity, deformity of the knee, massive soft tissue swelling, or
disproportionate pain (Fig. 14.1a). The absence of a joint effusion may be a mis-
leading and false sense of comfort as high-energy dislocations can result in capsu-
lar damage, which will allow the knee effusion to diffuse into the surrounding soft
tissue.

Patients presenting with knee trauma should be treated like any other traumatized
patient, and the first step should always be implementation of the Advanced Trauma
Life Support (ATLS) protocol [19]. Following ATLS protocol, and assuming the
patient is without more pressing injuries, a dislocated knee should be reduced. In
cases of high-energy knee dislocations, a portable “spot shot” radiograph of the knee
should be taken prior to reduction to confirm the absence of major fractures. If frac-
tures of the distal femur or proximal tibia are present, the clinician may opt to reduce
the knee if the fractures appear relatively stable. In cases of low-energy trauma, such
as knee dislocations sustained on the playing field, immediate reduction should be
attempted prior to imaging studies. Post-reduction radiographs should always be
obtained to confirm a concentric reduction of the tibiofemoral articulation (Fig. 14.1b).
The knee should be initially inspected for any evidence of an open injury that would
necessitate a formal irrigation and debridement in the operating room.
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Fig.14.1 (a) Anteroposterior and (b) lateral radiographs demonstrating an anterior knee disloca-
tion. (¢) Anteroposterior and (d) lateral radiographs demonstrating an adequate reduction of previ-
ous anterior knee dislocation



14 Treatment for Acute Knee Dislocations 147

14.6 Vascular Evaluation and Management

Following confirmed reduction of the knee, a thorough vascular examination should
be completed. The incidence of popliteal artery injury associated with knee disloca-
tion has been reported to range from 4.8 to 65 %, with posterior knee dislocations
having the highest rate of injury [8, 20, 21]. Vascular injuries are not solely associ-
ated with high-energy knee dislocations. Low-energy and spontaneous knee dislo-
cations can cause vascular occlusion or intimal tearing [17, 22]. This examination
should begin with inspection of the color, temperature, and capillary refill of the
affected leg. Distal arterial flow in the dorsalis pedis, posterior tibial, and peroneal
arteries should be interrogated first manually and secondarily with Doppler ultra-
sound if necessary. The clinician should be cognizant that a normal physical exami-
nation and palpable distal pulses do not exclude serious vascular injury, such as an
intimal tear to the popliteal artery [23]. The ankle-brachial index (ABI) should be
calculated using Doppler ultrasound and a blood pressure cuff if there is any con-
cern for the vascular status. The ratio of systolic blood pressure in the affected ankle
is compared to the unaffected upper arm. In a knee dislocation cohort, Mills reported
100 % sensitivity, specificity, and positive predictive value of a significant arterial
injury requiring surgical attention if the ABI is below 0.90 [23]. Absent pulses or
diminished ABIs are indications for involvement of a vascular surgeon. It is impor-
tant to involve vascular surgery colleagues in an expeditious fashion, as warm isch-
emia time of greater than 6-8 h is associated with a higher rate of amputation [17,
24]. Additional studies or interventions that are frequently requested by a vascular
surgeon include computed tomography angiogram (CTA) and formal angiography
(Fig. 14.2). An abnormal CTA will necessitate a formal angiogram with either endo-
vascular or open vascular intervention. At our institution a formal angiogram with
or without intervention is accompanied by external fixation performed by an ortho-
pedic surgeon to stabilize the knee, provide access for additional vascular proce-
dures (the external fixation eliminates the need for a splint), and permit serial
examinations of the affected limb postoperatively.

14.7 Neurologic Evaluation and Management

The incidence of nerve injury with acute knee dislocation is approximately 20 %
[12, 25]. The most commonly injured nerve is the common peroneal nerve rather
than the tibial nerve. The explanation for the higher incidence of peroneal nerve
injury is its anatomic course adjacent to the proximal fibula, the decreased compli-
ance compared to the tibial nerve, and the mechanism of knee dislocation. Lateral
and posterolateral dislocations can significantly stretch the peroneal nerve. To iden-
tify these injuries, the clinician should perform an initial tactile exam of the patient’s
sensation in all nerve distributions of the lower extremity. Graded motor strength
with ankle dorsiflexion, ankle plantar flexion, ankle inversion, ankle eversion, and



148 A.E. Weber and J.K. Sekiya
Fig.14.2 Representative = !
angiogram demonstrating ’ ) \
lack of significant distal flow /

beyond the popliteal hiatus ,
(popliteal artery) secondary
to a knee dislocation. Arrow )
indicates significant
obstruction

great toe dorsiflexion should be documented. There is no acute treatment for neuro-
logic deficits following knee dislocation, and the overall prognosis for neurologic
recovery remains low [26]. Chronic neurologic injuries such as foot drop may be
treated with an ankle foot orthosis or a posterior tibial tendon transfer.

14.8 Ligamentous Evaluation

A thorough ligamentous examination should be performed on all patients with a
suspected knee dislocation. The initial examination may be limited due to pain,
hematoma, or associated injuries; however, gross laxity or instability should be
documented to the best of the examiner’s abilities. It is important for the examiner
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to comment on the integrity of the main ligamentous stabilizers, including the ACL,
PCL, MCL, LCL, and PLC. A brief review of the basic ligamentous examination is
presented here.

The anterior drawer and Lachman examinations are performed to evaluate for
laxity in the ACL, the latter of which is considered the more accurate maneuver
[27]. Both examinations grade the magnitude of anterior-posterior (A-P) translation
of the tibia in relation to the femur and the presence or absence of a firm endpoint
of that motion. The presence of an ACL tear is typically apparent due to increased
translation and a lack of a firm endpoint compared to the contralateral knee. A
caveat for these maneuvers in the setting of an acute knee dislocation is that it may
be difficult or impossible to flex the affected knee to 90° to perform the anterior
drawer test secondary to pain, swelling, or fracture. In addition, both examination
maneuvers take advantage of the normal anatomic resting position of the tibia in
relation to the femur as the “starting point” for the examination of the magnitude of
A-P translation. Typically the tibia lies anterior to the femur; however, if the PCL is
disrupted, the tibial “starting point” may be translated posteriorly rendering the
motion appreciated difficult to associate with ACL laxity rather than PCL laxity.

The third ACL examination maneuver is the pivot-shift test. This is the senior
author’s preferred test for grading ACL laxity during an examination under anesthe-
sia; however, it is difficult to perform on the awake patient due to the inability to
control hip and leg position. In addition, the pivot-shift test requires an intact ilio-
tibial band (ITB) for accurate results. In the acute knee dislocation, there may be
tearing or disruption of the ITB. Lastly, pain, swelling, and fracture are additional
reasons this examination maneuver may be difficult to perform in the setting of an
acute knee dislocation.

The PCL may be evaluated by assessing the posterior sag and the posterior
drawer. The posterior sag test, performed with the knee and hip flexed to 90°, evalu-
ates the position of the proximal tibia in relation to the distal femoral condyles. In
the presence of a PCL tear, the proximal tibia will sag (posterior translation) relative
to the distal femoral condyles as compared to the contralateral side. The posterior
drawer test is performed in 90° of flexion by applying a posteriorly directed force
on the proximal tibia with the thumbs on the joint line to quantify the distance of
posterior translation. A grade III injury (greater than 10 mm of posterior translation)
indicates a combined PCL and PLC injury [28].

Collateral ligament testing is performed with valgus (MCL) and varus (LCL)
force on the knee. The testing is performed with the knee in 30° of flexion to isolate
the collateral ligaments. The test is then repeated in full knee extension. Laxity at
both 30° of flexion and full extension suggests disruption of additional structures.
On the lateral side, laxity with varus stress in full extension suggests injury to the
cruciate ligaments and the PLC in addition to the LCL [29]. On the medial side,
laxity with valgus stress in full extension suggests injury to the cruciate ligaments
and medial capsule in addition to the MCL.

The PMC is examined with maneuvers that place external rotation stress with the
knee in various degrees of flexion. These tests help define the degree of anteromedial
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rotatory instability. The most common test is performed with the knee in 30° of flex-
ion. A valgus stress is imposed while the foot is externally rotated [30, 31]. If this
test elicits an increase in anteromedial external rotation as compared to the contra-
lateral side, then a PMC injury has been sustained. In addition, if a combined PMC-
PCL injury has been sustained, the magnitude of posterior translation of the tibia in
the posterior drawer test will be exaggerated or unchanged with internal rotation of
the tibia. In a PCL-deficient knee with an intact PMC, the magnitude of posterior
tibial translation with the tibia internally rotated during the posterior drawer will be
diminished [32, 33].

The PLC can be directly assessed with the dial test. The structures interrogated
with this test include the LCL, popliteus tendon, and popliteofibular ligament [34].
With the patient prone, the knees are flexed to 30° and a symmetric, external rota-
tion force is placed on both feet. The thigh-foot angle is measured and the test is
again repeated at 90° of knee flexion. A difference in thigh-foot angle of greater
than 10° side to side is considered a positive test. An increased thigh-foot angle at
30° of knee flexion but not at 90° is consistent with an isolated PLC injury, while
increased thigh-foot angle at both 30 and 90° of knee flexion is consistent with a
combined PCL and PLC injury. An isolated increase in thigh-foot angle at 90° of
knee flexion suggests an injury to the PCL. The examiner should also be aware that
increased thigh-foot angle rotation at 30 and 90° of knee flexion may signify an
injury to the anteromedial aspect of the knee rather than the PLC [35].

14.9 Diagnostic Imaging

Radiographs of the knee in two planes (anteroposterior and lateral) should be per-
formed to characterize the direction of dislocation (Fig. 14.1a, b). Initial radiographs
are also important to assess for associated fractures, either large osseous injuries to
the tibial plateau and distal femur or subtle fractures such as a Segond fracture or
PCL avulsion. As mentioned previously, in low-velocity knee dislocations (sports
injuries), a reduction should be attempted prior to the initial radiographs and ideally
on the field if trained medical personnel are present. This is due to the low likeli-
hood of significant fractures. However, in high-velocity knee dislocations (e.g.,
automobile accidents), the likelihood of significant fractures is much greater and
thus plain radiographs should be performed prior to a reduction attempt. In either
scenario, post-reduction radiographs should be obtained to confirm a concentric
reduction (Fig. 14.1c, d). If there is concern for a PCL injury, stress radiographs of
the bilateral knees may be performed with the knees flexed 80° and weight applied
to the anterior tibia [36]. Stress radiographs may be more appropriate in the preop-
erative planning phase rather than acutely following a knee dislocation.

Once the knee is stabilized and vascular injuries have been ruled out, a computed
tomography (CT) scan may be appropriate if fractures are present, and a magnetic
resonance image (MRI) should be obtained to assess the extent of the ligamentous
injury (Fig. 14.3). The MRI will also assist with preoperative planning in the case of
damage to the chondral surfaces, menisci, and capsule. Bone bruising is common
following acute knee dislocation and present 75 % of the time [37], while 25 % of
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Fig.14.3 (a) Sagittal magnetic resonance image (MRI) with arrow demonstrating complete dis-
ruption of the anterior cruciate ligament. (b) Sagittal MRI with arrow demonstrating complete
disruption of the posterior cruciate ligament. (¢) Coronal MRI with arrow demonstrating disrup-
tion of the lateral collateral ligament and posterolateral corner. (d) Coronal MRI with arrow dem-
onstrating disruption of the medial collateral ligament

knee dislocations have concomitant meniscal injuries [37]. Furthermore, if fractures
accompany the knee dislocation, the timing of MRI is crucial. Obtaining an MRI in
the early phase of treatment, prior to open reduction and internal fixation of frac-
tures, facilitates evaluation of ligamentous integrity without being obscured by the
signal artifact of implanted hardware.

14.10 Initial Treatment

The initial care for a knee dislocation is dictated by a number of factors, including
the open injury status, neurovascular status, fracture status, and ability to reduce
the knee. If the dislocation is reduced, there is no fracture or open injury, and there
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is no concern for neurovascular compromise, then initial treatment may consist of
a long-leg splint in 20° of knee flexion, lower extremity elevation, and serial neu-
rovascular examinations. Twenty degrees of knee flexion is classically taught as
the position for long-leg splinting; however, it is our experience that maintaining
the knee in flexion for more than 3-5 days may compromise the ability to restore
full extension long term. The treating surgeon should be cognizant of this during
the initial management. If the knee dislocation is complicated by significant fem-
oral condyle or tibial plateau fractures, an open injury, or a vascular injury or the
knee is irreducible, then the complicating factor should be addressed in the oper-
ating room. Each of these complicating factors should also prompt the treating
surgeon to consider concomitant application of external fixation rather than a
splint at the conclusion of the operating room session. Stabilization of the dislo-
cated knee with external fixation should also be considered in cases initially
treated in a splint but with post-splinting films that demonstrate persistent tibio-
femoral subluxation. Two important considerations when placing an external fix-
ator following knee dislocation are that the hardware should be MRI compatible
and the knee-spanning pins should be safely outside the knee joint and sufficiently
away from future graft tunnel or fixation hardware sites. This “safe zone” for pin
placement is roughly 10 cm proximal and distal to the knee joint line [38]. Lastly,
if there is any clinical concern for compartment syndrome preoperatively or intra-
operatively, the treating surgeon should have a low threshold for performing
fasciotomies.

14.11 Definitive Treatment Considerations

Historically, the mainstay of knee dislocation definitive treatment was immobiliza-
tion in plaster casts. However, as longitudinal clinical studies emerged, it became
clear that patients sustaining knee dislocations and undergoing nonoperative treat-
ment went on to develop persistent knee instability and had poor long-term func-
tionality [39-42]. Recent studies suggest considerable benefit from surgical
treatment [12, 21, 39, 41-45]. A recent systematic review comparing operative ver-
sus nonoperative treatments for multiligament knee injuries found significantly
higher International Knee Documentation Committee (IKDC) scores, improved
return-to-work rate, and higher rates of return to sport for patients in the cohort that
underwent surgical treatment [44]. Dedmond and Almekinders [39] performed a
meta-analysis of differences between operative and nonoperative treatment of acute
knee dislocations. They evaluated 74 nonoperatively and 132 operatively treated
knee dislocations and found significantly improved Lysholm scores in the surgically
managed cohort as compared to the cohort treated nonoperatively [39]. Several
other studies have corroborated these findings by comparing return to sport follow-
ing acute knee dislocation and demonstrated higher success rates in those undergo-
ing surgical reconstruction [45, 46].
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14.12 Nonoperative Treatment

Despite the emerging clinical evidence that favors operative rather than nonopera-
tive definitive care, there are some instances in which the treating clinician should
opt for nonoperative management. Polytraumatized or significantly injured patients
with multiorgan system injuries should not be indicated for surgery until they are
able to participate in postoperative rehabilitation. Patients with open injuries and
inadequate soft tissue coverage in which there are concerns for wound healing
should not be indicated for surgical reconstruction. The low functional demand and
morbidly obese patient populations will likely have better outcomes with nonopera-
tive rather than operative treatment. Lastly, patients who wish to pursue nonsurgical
treatment should be counseled on the pros and cons of both surgical and nonsur-
gical care and ultimately have their wishes granted if they choose nonoperative
management.

14.13 Surgical Treatment

The objective of definitive surgical management following an acute knee disloca-
tion is to provide a stable joint and ideally return the patient to his or her preopera-
tive activity level. While the objective is clearly defined, there is considerable debate
concerning several surgical factors, including timing of surgery, surgical approach,
ligamentous repair versus reconstruction, and technique of reconstruction.

14.13.1 Timing of Surgery

The timing of surgery can be broadly classified as early (within the first 2-3 weeks
following injury) or delayed (greater than 3 weeks from the time of injury). A third
broad classification is a staged approach in which the medial and lateral structures
are repaired or reconstructed with or without PCL reconstruction in the early win-
dow followed by delayed ACL reconstruction if deemed necessary. Although not
universally implemented, the staged approach is still in practice and has been advo-
cated by a number of authors [11, 47]. Currently, most knee surgeons advocate early
surgical intervention, and this approach is widely supported by the literature [41,
44, 48, 49]. Harner reported on the subjective and objective outcomes of 31 knee
dislocations, 19 of which underwent acute reconstructions [41]. Their cohort of
acutely treated patients reported higher subjective scores and had increased stability
compared to the delayed cohort. Conversely, authors have also reported favorable
outcomes utilizing a delayed approach to ligamentous reconstruction [50-54].
Mook and colleagues performed a systematic review of multiligamentous knee inju-
ries treated with early, late, or staged reconstructions [50]. Their analysis suggested
that delayed reconstruction had the advantage of lower rates of postoperative
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stiffness while performing comparable to early and staged procedures in terms of
knee stability. Ultimately, the decision to proceed with acute or delayed reconstruc-
tion should be based on patient-specific factors and the surgeon’s comfort level with
the various surgical techniques. Lastly, regardless of the decision to operate in the
early or delayed postoperative window, the surgeon should be aware that arthroscopic
reconstruction in the presence of a disrupted capsule may cause fluid extravasation
and result in compartment syndrome. Although this concern is greater in the imme-
diate post-injury phase, all surgeons should be aware of this potential complication
and allow 1-2 weeks of post-injury healing prior to any arthroscopic procedure.

14.13.2 Surgical Technique

A wide variety of surgical techniques have been described for the treatment of acute
knee dislocations. Successful surgical intervention first requires the treating sur-
geon to accurately and completely identify all injuries, including those to ligaments,
bone, menisci, cartilage, and adjacent soft tissues. Second, regardless of technique,
the primary ligamentous restraints must be repaired or reconstructed in an anatomic
and isometric fashion. A detailed discussion of all the potential techniques for the
surgical care of acute knee dislocations is outside the scope of this chapter; however,
a brief description of our preferred ligament reconstruction surgical techniques will
follow.

Once the patient is in the operating room, the first step to a successful knee
reconstruction is an examination under anesthesia (EUA). A thorough EUA takes
advantage of full muscle relaxation and allows the surgeon to completely delineate
the extent of the ligamentous injury. The previously described ligamentous exami-
nation is repeated, including Lachman, pivot-shift, anterior and posterior drawers,
varus and valgus stress testing, and medial and lateral rotational testing. If there is
any uncertainty regarding the extent of ligamentous injury after the MRI and EUA,
a diagnostic arthroscopy can be performed prior to autologous graft harvest or open
surgical treatment of collateral, PLC, or PMC structures. An initial arthroscopy is
also beneficial for evaluation of the menisci, chondral surfaces, and joint capsule
(Fig. 14.4a).

14.13.3 Cruciate Ligament Reconstruction

Arthroscopic reconstruction of both cruciates, ACL and PCL, requires anatomic
graft placement at the footprints of the native ligaments. Several techniques and
graft types are acceptable, and our preferences are for arthroscopic anteromedial
single-bundle ACL reconstruction and arthroscopic double-bundle tibial inlay PCL
reconstruction [55, 56]. With regard to graft type, for more severe ligamentous inju-
ries that include three or four ligaments and adjacent soft tissue trauma, we prefer
to limit the additional donor-site morbidity from graft harvest associated with auto-
graft ligament reconstruction. In this case, we prefer tibialis anterior allograft for
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Fig. 14.4 (a) Diagnostic arthroscopy image assessing the articular cartilage (femoral condyle
(FC) and tibial plateau (7P)) and menisci (medial meniscus (MM)). (b) Arthroscopic image with
arrow denoting the drilled tibial socket of the posterior cruciate ligament (PCL). (¢) Arthroscopic
image with rwo arrows denoting the double-bundle PCL femoral tunnels. (d) Arthroscopic image
of bicruciate ligament reconstruction with soft tissue grafts in place. The double-bundle PCL
reconstruction is labeled by bundle: anterolateral (AL) and posteromedial (PM). The single-bundle
(SB) anterior cruciate ligament reconstruction is also shown

ACL reconstruction and Achilles tendon allograft for a bifid double-bundle PCL
reconstruction. Hamstring allograft is an acceptable alternative for ACL reconstruc-
tion. The potential drawbacks of allograft usage—disease transmission, increased
cost, and delayed re-ligamentization—are outweighed by the decrease in operative
time, lack of donor-site morbidity, decrease in skin incisions, and reduction in post-
operative pain and stiffness [57, 58]. If the decision is made to utilize autograft,
preference is given to the ACL. In isolated ACL reconstructions, studies suggest
that autograft outperforms allograft in the young, active patient population, and this
philosophy is extrapolated to our multiligament reconstructions [59]. The autograft
of choice is bone-patellar tendon-bone; however, hamstring and quadriceps tendons
are also viable options. If both ACL and PCL are to be reconstructed with autograft,
our preference is to use ipsilateral quadriceps tendon for the double-bundle PCL
graft. However, rarely do we perform autograft bicruciate ligament reconstruction
secondary to the aforementioned drawbacks and potential complications. Bicruciate
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ligament reconstructions require precise tunnel locations, and to increase the likeli-
hood of this occurrence, the tunnels should be drilled in a consistent and reproduc-
ible order. The PCL tibial inlay socket is created first as this is the most technically
challenging (Fig. 14.4b). The ACL femoral tunnel and PCL femoral tunnels are
drilled after the PCL tibial inlay socket. The ACL tibial tunnel is drilled last
(Fig. 14.4c). The grafts are then passed, and the PCL graft is tensioned with the knee
in 90° of flexion. The ACL graft is subsequently tensioned with the knee in full
extension (Fig. 14.4d) [60]. Of note, graft tensioning should not be finalized until
collateral ligament repair or reconstruction is complete.

14.13.4 Lateral Collateral Ligament and Posterolateral Corner
Reconstruction

If the MRI findings (LCL attenuation) and EUA (varus opening at 30° without rota-
tional instability) are consistent with an isolated LCL injury, then an LCL recon-
struction is indicated. A lateral approach between ITB and biceps femoris is taken
to expose the native LCL from origin to insertion (Fig. 14.5a). Our preferred tech-
nique is to utilize an Achilles tendon allograft. The allograft bone plug is seated in
the proximal fibula and the soft tissue end whipstitched and docked in a femoral
bone tunnel proximally. The reconstruction is tensioned in 30° of knee flexion with
a valgus force applied. The native LCL is then imbricated or oversewn into the
reconstruction.

Injuries to the PLC complex affecting more than the LCL are again addressed
through a lateral approach to the knee (Fig. 14.5a). A select group of PLC injuries,
in which a distal soft tissue or bony avulsion has occurred, may be amenable to
early repair (less than 2 weeks). The repair may be carried out with suture anchors
or a screw and washer to reattach the LCL and biceps femoris to their distal attach-
ment sites (Fig. 14.5b). Outside the 2-week window or if mid-substance attenua-
tion exists, scarring and retraction make repair a less reliable option and we
advocate surgical reconstruction. The main constituents of the PLC (LCL, pop-
liteofibular ligament, and popliteus tendon) can be reconstructed with one Achilles
tendon allograft [61]. The bone plug is secured with an interference screw at the
popliteus tendon insertion. The Achilles tendon is then split into two 6—7-mm
limbs starting 1-2 cm from the bone plug. The first limb is passed through a fibular
bone tunnel (posterosuperior to anteroinferior) and secured with an interference
screw to reconstitute the popliteofibular ligament. The residual graft material of
this limb is then used to create the LCL. This is accomplished by fixing the graft at
the fibular insertion of the LCL with a suture anchor and bringing the graft limb
proximally to be passed through a bone tunnel at the anatomic femoral origin of the
LCL. The second graft limb is used to recreate the popliteus and is thus passed
through a tibial bone tunnel from posterior to anterior at the musculotendinous
junction (Fig. 14.5¢, d). The graft is tensioned in 30° of knee flexion with internal
tibial rotation.
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Fig. 14.5 (a) Photograph of the lateral approach to the knee with iliotibial band split and biceps
femoris and lateral collateral ligament (LCL) exposed (white arrow) and tagged with suture.
(b) Photograph with arrow demonstrating the LCL and posterolateral corner (PLC) elevated in a
sleeve and tagged for acute repair. (¢) Photograph of the drill angle (white arrow) and position of
the anteroposterior tibial tunnel for recreation of the popliteus component of the PLC. (d) PLC
reconstruction with popliteofibular ligament graft (black arrow), popliteus tendon graft, and LCL
graft (white arrow) reconstructions

14.13.5 Maedial Collateral Ligament and Posterior Medial Corner
Repair and Reconstruction

Medial-sided injuries are surgically treated less frequently than lateral-sided inju-
ries. Most cases of MCL and PMC patholaxity in the setting of multiligamentous
knee injuries are treated nonoperatively with bracing and protected weight bearing
followed by delayed cruciate reconstruction [10]. If, at the time of cruciate recon-
struction, there is continued laxity suggestive of a nonhealing grade III injury to
the MCL or combined MCL-PMC injury, then MCL-PMC repair or reconstruc-
tion is undertaken. A standard medial longitudinal incision centered over the pos-
terior third of the medial femoral condyle is utilized to identify the native MCL.
Proximal and distal avulsion injuries are whipstitched and reapproximated to the
native attachment site with either suture anchors or a screw and soft tissue washer
[33]. The knee is placed in 30° of flexion for appropriate MCL tensioning. The
posterior oblique ligament (POL) is reapproximated to the posterior edge of the
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MCL with nonabsorbable suture. In cases of mid-substance MCL tears, the oppos-
ing ends of the MCL are whipstitched and reapproximated. The medial capsule may
also be incorporated into the MCL repair. Likewise, the POL is imbricated into the
MCL in a pants-over-vest pattern [33, 62]. Again, the knee should be placed in 30°
of flexion during this procedure. Rarely will residual laxity be present with valgus
stress testing; however, if valgus patholaxity persists, a soft tissue allograft can be
used to supplement the native MCL. The soft tissue allograft should be secured to
the native MCL origin and insertion sites with interference screws in bone tunnels
or suture anchors.

Often the medial meniscus will need repair, and this can be accomplished with
all-inside, inside-out, or hybrid technique. The meniscal attachments to the deep
MCL and the posteromedial capsule should also be reapproximated to restore
appropriate dissipation of hoop stress through the meniscus [33, 63]. This repair and
reapproximation should be completed prior to addressing the MCL and POL.

14.14 Rehabilitation

The overall objective of rehabilitation is to protect the reconstructed or repaired
knee in the early postoperative period and then gradually increase motion and
strength of the knee over time. There are a number of rehabilitation protocols in the
literature with demonstrated good to excellent results [64—66]. In the early postop-
erative period (33 weeks), the patient is placed in a long-leg splint or hinged knee
brace locked in extension. During this time they should remain non-weight-bearing.
The non-weight-bearing period may be extended to 6 weeks if fracture fixation,
chondroplasty, or meniscal repair is undertaken. Additionally, the non-weight-
bearing period may be lengthened due to patient compliance and muscle function.
During this time period isometric quadriceps exercises are permitted and electrical
muscle stimulation is used to enhance quadriceps recruitment [67]. Early passive
motion is initiated between the third and sixth postoperative weeks with a goal of
full extension and 90° of passive knee flexion at week six. Achievement of early
passive motion goals is often assisted by the use of a continuous passive motion
machine for 1 h a day.

The second phase of rehabilitation begins with partial weight bearing at 25 % of
body weight. This phase characteristically begins at the sixth postoperative week
but again depends on the extent of injury and the patient’s ability to demonstrate
neuromuscular control of the operative extremity. Once partial weight bearing is
initiated, the weight-bearing status is increased by 25 % per week until full weight
bearing is resumed. The weight-bearing exercise has a beneficial effect on rebuild-
ing atrophic muscle while providing mechanical stimulus to encourage tendon-to-
bone healing in the ligament reconstructions. In a similar fashion, knee flexion is
advanced weekly with the goal of 120° of flexion by the 12th postoperative week.
All range-of-motion progress is made while wearing a hinged kneed brace, which
provides varus/valgus stability to the healing knee. The stationary bike is also incor-
porated into this phase of the rehabilitation to promote increases in range of motion
and quadriceps strength.
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From the third to the sixth postoperative month, weight-bearing exercises are
advanced and low-resistance quadriceps exercises are introduced. Resisted ham-
string exercises are introduced after resisted quadriceps exercises due to the strain
hamstring exercises can place on the healing PCL reconstruction. The focus is on
closed-chain exercises, as open-chain exercises should be avoided. Proprioception
and balance exercises are also introduced during this phase of rehabilitation. Once
the quadriceps strength is greater than or equal to 70 % of the contralateral leg,
activities may be gradually increased. Jogging and non-cutting activity can begin
between the 6th and 9th postoperative months. Emphasis is placed on smooth
and slow closed-chain endurance exercise, and jumping rope may be introduced.
Plyometrics and cutting activity (sporting activity) are generally resumed between
the 9th and 12th postoperative months. If pool workouts and swimming are to be
used during the later phases of rehabilitation, it is important to restrict patients
from frog kicking or breaststroke until rehabilitation is complete. We use isokinetic
strength equivalent to 90 % of the contralateral limb and the single-leg hop test
equivalent to 90 % of the contralateral limb as strict criteria prior to returning to
sport. Additionally, the patient must be without pain, swelling, and significant laxity
to be released to all activity.

14.15 Conclusion

Acute knee dislocations are uncommon yet serious injuries with significant poten-
tial for associated neurovascular complications. A high index of suspicion, appro-
priate clinical examination, and proper diagnostic modalities are paramount to the
identification of the complete injury pattern. Vascular and open injuries should be
addressed immediately. Osseous injuries should be addressed with open reduction
and internal fixation prior to ligamentous reconstruction. The decision to proceed
with multiligament reconstruction is multifactorial, and both patient-specific and
surgeon factors should impact when and how the multiligamentous knee is repaired
or reconstructed. The objectives of treatment and rehabilitation of the acute knee
dislocation are to provide a stable, functional knee and ideally to return the patient
to an acceptable activity level.
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