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PCL Injury Management: A Review of Current Literature 

Historically, the posterior cruciate ligament (PCL) of the knee has been less extensively 

studied relative to other knee ligaments. In recent years, however, better understanding of the 

biomechanical and anatomical function of the PCL has led to increased controversy over the 

management of injury involving this ligament.1,2 PCL injury, rare in isolation, typically occurs with 

concomitant ligament injury (46% anterior cruciate ligament [ACL], 31% medial collateral 

ligament [MCL], and 62% with posterolateral corner [PLC]).1 In fact, up to 95% of PCL injury 

occurs as part of a multi-ligament injury.2 Traditionally, lower grade PCL injury has been treated 

conservatively due to the intrinsic healing capacity of the ligament, with more severe injury and 

multi-ligament injury treated surgically.1–4 Although positive clinical outcomes are commonly 

achieved through conservative management, with the presence of more recent research that 

implicates PCL-deficiency in knees as contributing to increased joint laxity, increased incidence 

of arthrosis, and less favorable long-term outcomes, further attention and controversy has 

surfaced regarding the recommended treatment for PCL injury.2,3 Recent research has focused 

on determining indications for conservative or surgical management, which surgical technique is 

preferred, and implications for short and long-term outcomes. Therefore, the purpose of this 

research paper is to present recent evidence discussing increased understanding of PCL 

function/structure, evaluation and management of PCL injury, and implications for clinical 

practice, rehabilitation, and post-injury outcomes.  

 

It is appropriate to first review the pertinent anatomy and developments in the 

understanding of the PCL’s biomechanical behavior and functional significance, which have 

increased appreciation of the PCL’s role in knee kinematics and advanced surgical techniques 

discussed later in this paper.1,4 The PCL is the strongest intra-articular ligament of the knee 

joint, located extra-synovial, and is comprised of two distinguishable functional bundles.2 

Synovial lining covers the ligament, with the exception of the posterior aspect, a characteristic 
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thought to possibly improve its ability to heal after intrasubstance or minimally displaced tears.1 

Additionally, the PCL receives blood supply from the middle genicular artery and is innervated 

through branches of the tibial nerve.1 As mentioned, two bundles form the PCL macrostructure: 

the larger anterolateral bundle (ALB) and the smaller posteromedial bundle (PMB).1,2,5 

Generalizing for the purposes of this paper, the femoral attachment of the PCL is located on the 

anterior portion of the medial intercondylar ridge just below the trochlear point, and is much 

more expansive than the distal attachment, which is located just posterolateral to the posterior 

horn of the medial meniscus and extends slightly distal (via the PMB) to the tibial joint line.1 It 

should be noted that this description is a gross oversimplification and that precise anatomic 

distances, landmarks, and attachments for each respective bundle have been reported that 

have important biomechanical and surgical significance.1,2 The detailed measures and anatomy 

can be better appreciated in Figure 1-3 in Appendix A. 

 

The primary function of the PCL is to resist posterior translation of the tibia relative to the 

femur at all flexion angles.2 The two bundles are more distinguishable at their femoral 

attachments and historically the ALB and PMB were thought to function independently in 

resisting posterior tibial translation at different points in knee joint motion.1 More recent research 

has confirmed a more codominant relationship of the bundles such that each plays a significant 

role in resisting posterior translation throughout joint excursion and a secondary role in resisting 

rotation, particularly tibial internal rotation between 90 and 120 degrees of knee flexion.1 While 

the two bundles exhibit a more synergistic functional relationship than previously thought, there 

have been portions of the knee flexion range of motion in which each has been determined to 

be the main restraint. Between 70 and 105 degrees of flexion, the ALB is the main restraint to 

posterior tibial translation, while the PMB functions dominantly at 0 to 15 degrees.2 While this 

resembles previous thoughts that each bundle functions independently and dominantly at 

different flexion angles, the ALB in more flexion and the PMB in more extension, their 
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codominant behavior has been demonstrated with studies that compare changes in tibial 

posterior translation when either bundle is transected versus complete PCL transection. A 

cadaveric study by Kennedy et al. demonstrated through robotic posteriorly-directed tibial forces 

applied throughout knee flexion angles that significantly greater translation was observed 

throughout the full range (0-120 degrees) when the PCL was fully transected compared to either 

bundle alone.6 At 90 degrees flexion, posterior translation was measured at 0.9mm, 2.6mm, and 

11.7mm for PMB, ALB, and complete sectioning of the PCL, respectively.6 It has also been 

shown that the PMB may be most important in deep flexion angles (>90) for resisting posterior 

tibial translation as well as tibial rotation.2,6 In fact, the PCL may play a more important role in 

restraining rotation than previously thought, an important understanding in evaluating clinical 

and functional laxity that may result after injury.1 The results of the Kennedy study may be better 

appreciated graphically in Figure 1 in Appendix B. Overall, these results support the 

codominant nature of the 2 functional bundles of the PCL, and, along with better understanding 

of PCL anatomy, have important implications for surgical procedures, namely graft fixation 

angles during PCL reconstruction (PCLR).2  

 

As mentioned previously, isolated PCL injuries are rare with a reported incidence of 1.8 

per 100,000 persons, while the incidence of PCL injury as involved in acute knee injuries has 

been reported as high as 44%,3 and as high as 79% in a trauma setting.1 Furthermore, the 

severity of PCL injury correlates with the likelihood of concomitant multi-ligament injury, as most 

grade III PCL injuries exist in combination with other knee structure damage.3 That said, lower 

grade I and less severe grade II injuries may go unreported or undiagnosed, especially without 

other structural injury to the joint. An incidence of 2-3% of chronic, asymptomatic PCL-

deficiency has been reported in collegiate football players.3,4 Grading of PCL injury is based on 

observed posterior translation of the tibia and/or the position of the tibial plateau relative to the 

medial femoral condyle with the knee in 90 degrees of flexion. Grade 1 injury is characterized by 
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minimal structural damage with <5mm translation (laxity), grade II with 6-10mm, and grade III 

with >10mm of posterior translation and the tibial plateau reaching a posterior position relative 

to the medial femoral condyle.4 Grade III represents complete disruption of the ligament, 

correlating with the values reached in the Kennedy et al. study discussed above. Table 1 in 

Appendix C depicts this grading system. 

 

Most commonly, PCL injury results from sports or high-energy trauma such as a motor 

vehicle accident.1,3 In fact, traffic accidents have been implicated in up to 57% of PCL tears at a 

trauma center.1 Therefore, the “dashboard” mechanism has been coined to refer to a posteriorly 

directed blow to the proximal anterior tibia while the knee is in a flexed position, causing high 

strain and failure in the PCL.3 In sports, PCL injury also commonly results from a direct blow to 

the anterior tibia or a fall onto a flexed knee with the ankle in plantarflexion.3,4 With the presence 

of rotary forces or forces in the coronal plane, medial and lateral knee structures are at an 

increased risk of concomitant injury.3,4 Although rare, noncontact isolated PCL injury can occur 

with sudden hyperflexion or hyperextension of the knee.2,4 PCL injuries account for 2% of all 

American high school football knee injuries and are reported to be more common in males.1  

 

Diagnosing a PCL injury, either in isolation or with multi-ligament injury, is important to 

guide treatment and ensure long-term knee health.1 This requires a thorough history of patient 

complaints, mechanism of injury, and examination to distinguish PCL injury from other injury.3 In 

cases of significant force trauma such as that incurred during a motor vehicle accident, the 

patient may present with more severe pain and instability, provoking suspicion and evaluation 

for concomitant capsuloligamentous injury and possible effects of transient knee dislocation.3,4 

In sports injuries and isolated PCL injury, more subtle or vague presentations may be common. 

Unlike injury to the ACL, patients with PCL injury seldom report feeling or hearing the 

stereotypical “pop”, and often are able continue activity or play in the sporting event.1,3,4 
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Presentation of acutePCL injury signs and symptoms can be more subtle, with patients 

reporting stiffness, swelling, vague knee pain or pain localized to the posterior knee, discomfort 

and unsteadiness, especially with activities requiring deep knee flexion such as squatting, 

kneeling, and stairs.1,3,4 In more chronic PCL injury cases, patients may report vague anterior 

knee pain, pain with deceleration and descending stairs, or pain with full speed running.1 

 

A physical exam to determine PCL integrity should include an assessment of gait and 

overall limb alignment in weight bearing if tolerated.3,4 The presence of varus alignment, 

external rotation recurvatum, and varus thrust during the stance phase of gait may indicate 

concomitant injury of the PLC.3 The integrity of the PCL is best assessed clinically with the 

Posterior Drawer Test, the most sensitive (90%) and specific (99%) of clinical tests for PCL 

disruption, where the patient is supine with the knee flexed to 90 degrees with foot resting on 

table as the examiner applies a posteriorly directed force to the proximal anterior tibia.2,7 In the 

presence of a ruptured PCL, the staring position may exhibit an abnormal contour as the tibia 

sags posteriorly to the femoral condyles, also known as the Sag Sign or Clancy Sign where the 

normal contours of the anteromedial and lateral tibial plateau prominences are lost on visual 

and palpatory examination.1,2 This brings up a crucial clinical point: In an uninjured knee, the 

medial tibial plateau should rest approximately 1cm anterior to the medial femoral condyle, and 

therefore the examiner must take care to reduce the tibia in a PCL-injured knee and perform the 

Posterior Drawer Test from this starting position.3,4 Failure to do so, results in a false positive on 

the Anterior Drawer Test, or a pseudo-Lachman’s, which could lead to incorrect diagnosis of an 

ACL rupture.1–4 Reduced posterior tibial translation when performing the Posterior Drawer Test 

with added tibial internal rotation may indicate an isolated PCL injury as secondary restraints to 

translation, the superficial MCL and posterior oblique ligament (POL), are tightened in this 

rotated position.3 It should be noted that clinical tests for PCL in general are more sensitive for 

grade II and III injuries compared to grade I.4 For example, a review by Feltham and Albright 
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reports that the sensitivity of the Posterior Drawer Test decreases to only 70% for detecting 

grade I PCL injury.7 Posterior translation should be interpreted as compared to the uninjured 

knee as increased posterior translation, or side-to-side difference.4 Nature of the end-feel should 

also be noted. The Quadriceps Activation Test is also a useful test that relies on the patient’s 

active force imposed by the quadriceps muscle on the tibia.2–4,7 The starting position is the 

same, and the patient is asked to attempt to extend the knee while the examiner resists, 

producing an isometric quadriceps contraction. A positive result occurs when a quadriceps 

contraction results in anterior shift of the tibia from a posteriorly subluxed position, with some 

sources stating this indicates complete PCL rupture and others reporting that 2mm of 

(increased) anterior shift indicates PCL injury.1–4 Again, this anterior shift should always be 

quantified and compared to the non-injured knee.7 The Godfrey Test is performed with the 

examiner supporting the patient’s lower leg with the hip and knee both flexed to 90 degrees and 

then followed by resisted knee extension to observe for reduction of the tibia anteriorly.7 The 

posterior sag of the tibia may be more notable in this position secondary to gravity assistance. 

From this 90-90 position, the examiner may passively extend the patient’s knee to perform the 

Dynamic Posterior Shift Test (also referred to as the reverse pivot-shift test), a positive result 

noted with an palpable and/or audible clunk as the tibia reduces with extension.4,7 Aside from 

the Posterior Drawer test (psychometrics previously mentioned), no other clinical test has 

shown sensitivity over 80%, but specificity ranges from 89% to 100%.7 Finally, the Dial Test can 

be used to screen for combined PCL and PLC injury.3 This test is performed with the subject in 

prone while an external rotation force is applied to the tibia with the knee flexed at 30 and at 90 

degrees. An increase of 10 or more degrees of rotation (side-to-side difference) at only 30 

degrees indicates isolated PLC injury, while an abnormal increase at both flexion angles 

indicates a combined PLC and PCL injury (recall the PCL’s biomechanical function to resist 

rotation at deeper flexion angles).3 Additionally, as the PCL is most commonly part of multi-

ligament injury, other tests and measures in the physical exam should address screening for 
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concomitant intraarticular injury such as valgus/varus stress and external rotation recurvatum 

tests for MCL/LCL and ACL/PLC injury, respectively.1,3 These additional tests are outside the 

focus of this paper, but the PCL-insufficiency tests specifically discussed are depicted in 

Figures 1-6 in Appendix C. Imaging techniques should also be used to confirm and quantify 

PCL injury and posterior tibial translation. The use of MRI is the most accurate method to 

confirm the presence of acute PCL injury, with sensitivity approaching 100%.4 Additionally, PCL 

stress radiographs offer a technique to objectively quantify the amount of posterior tibial 

translation.1,2,4 The use of a stress device (i.e. Telos) or kneeling stress radiographs are among 

the most reliable methods, with kneeling radiographs offering a simple, more cost-effective 

method, and faster approach.1 An example of a PCL tear observed with kneeling radiographs as 

compared to the uninjured knee can be appreciated in Figure 7 in Appendix C. The amount of 

observed posterior tibial translation corresponds to injury type and severity such that it has been 

reported that <8mm represents a partial PCL tear, 8-12mm an isolated complete tear, 

and >12mm represents a combined complete PCL tear (usually with a PLC injury).1,2 

 

Isolated PCL injuries have historically been treated conservatively with bracing an 

rehabilitation, resulting in satisfactory clinical outcomes, reflecting the intrinsic healing capacity 

of the PCL and suggesting that individuals may be able to compensate functionally for a PCL-

deficient knee.3 In general, most literature supports the nonoperative management of partial 

isolated PCL injury (grade I and II), while surgery is indicated for complete PCL tears and for 

combined ligamentous injury in the presence of acute or chronic PCL injury.1–3,5 An example of 

an evidence-based rehabilitation program after PCL injury treated conservatively can be found 

in Wang et al.3 Another example by Pierce et al. has been included in the Appendix (Figure 1, 

Appendix D).8 In general, rehab consists of four phases: protective, transitional, functional, and 

return to play.3 Progression and time frames are generalized and depend on the patient and 

injury severity.3 In the protective phase, the knee is typically immobilized for 2-4 weeks to 
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prevent hyperextension and tibial posterior subluxation which would stress the compromised 

ligament and result in healing in a lax position.3 There has been increasing evidence for the 

benefits of using a functional dynamic force brace (i.e. Jack brace), designed specifically to 

apply varying levels of anterior force to the tibia through knee flexion range of motion.1–3 This 

effectively places the ligament in a reduced position that has been shown to encourage better 

healing with less residual ligamentous laxity while also allowing motion at the knee joint.3 Jacobi 

et al. used such a brace for 4 months after isolated PCL injury and found that posterior 

translation decreased from 7.1mm at the time of injury to 2.3mm at 12 months and 3.2 at 24 

months.9 The remaining phases of rehab generally focus on increased strength (particularly 

quadriceps), proprioception, and finally functional and sport-specific training, while protecting 

the PCL from undue stress from hamstring activation initially and then progressing magnitude, 

duration, and frequency to meet functional demands. Overall, evidence has supported 

conservative management of isolated partial PCL injury with positive clinical and subjective 

outcomes, especially in the short term. Agolley et al. reported on the short and medium-term 

outcomes of 46 athletes treated nonoperatively after isolated grade II or grade III PCL injury.10 

All patients underwent initial bracing followed by a rehabilitation program. The mean time to 

return to full competitive sports was just 16.4 weeks, with 91.3% of patients returning to the 

same or higher level at 2 years.10 At 5 years, 69.5% were at that same or higher level of play.10 

In an older study by Shelbourne et al, 133 athletic patients were treated nonoperatively after 

isolated grade I and II PCL tears.10 Interestingly, this study found that there was no correlation 

between the amount of residual laxity observed and subjectively reported knee function.11 At a 

mean follow-up of 5.4 years, half of the patients had returned to the same or higher level of play, 

regardless of residual laxity.11 This indicates that positive subjective and clinical outcomes may 

be achieved with conservative management of lower grade PCL injury, despite poor objective 

outcomes of laxity. This also highlights that the PCL may tend to heal in an attenuated or lax 

position, commonly the case, leading to ongoing residual laxity and altered knee kinematics.1 A 
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study of 25 athletes by Parolie and Bergfield also found high levels of satisfaction, return to 

sport, and performance after isolated PCL injury.12 In particular, this study found that 

satisfactory subjective scores were not related to residual laxity, but rather quadriceps 

function.12 Of note, most studies that assess outcomes of conservative management include 

lower grade PCL injury, while management of isolated grade III injury continues to be 

controversial. 

 

Indications for PCL reconstruction (PCLR) are still variable and hard to define. 

Acutely, >12mm of anteroposterior laxity in PCL stress radiographs or injury involving knee 

dislocation likely indicate combined injury necessitating surgery.1 Slightly less laxity (8mm) in 

complete tears associated with meniscal injury may also be treated surgically. Persistent laxity 

and functional limitations guide treatment in chronic cases. In the case of acute multi-ligament 

injury with concomitant or chronic PCL tear, most sources recommend surgical intervention for 

the PCL.1,13 Generally speaking, surgery is indicated for persons with acute or chronic 

symptomatic grade III PCL injury.4 The overall goals of surgery are to restore normal knee 

biomechanics and allow stable and pain-free knee function.4 However, the effectiveness of 

surgery in reduction of posterior laxity has been far from consistent, a primary focus of 

controversy over surgical indication and which method to use. There have been a number of 

surgical techniques developed for PCL reconstruction (PCLR) that reflect increased 

understanding of the biomechanical and functional nature of the ligament discussed earlier in 

this paper. For the purposes of this paper, these will be discussed as in the review by Bedi et 

al.: single-bundle (SB) vs double-bundle (DB), transtibial vs tibial inlay, and open vs 

arthroscopic tibial inlay.4 The current literature as assessed by Bedi et al. that compares SB and 

DB PCLR, indicates that each procedure produces similar significant improvements in 

subjective and clinical knee outcomes (Tegner and Lysholm knee scores), patient satisfaction, 

and activity levels.4 There is, however, indications that the DB tibial inlay procedure may 
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produce knee kinematic outcomes that most closely resemble native knee biomechanics (i.e. 

posterior tibial translation).4 In a study by Yoon et al., translation was 1.4mm less in the DB 

group compared to the SB group.14 As the SB technique aims to reconstruct only the ALB, it 

follows that it does not reproduce native knee mechanics as well as the DB technique which 

more adequately represents the anatomical and synergistic functional nature of the knee 

described earlier and demonstrated by Kennedy et al. The DB procedure has also been shown 

to restore rotational stability superiorly to the SB, particularly using the anatomical technique 

(Figure 4, Appendix E).2,15 More research is required to determine if this objective stability is 

clinically or functionally important.4 Comparisons of the transtibial and tibial inlay techniques 

have produced similar outcomes in regards to knee functional outcomes, laxity scores, posterior 

translation, and activity levels.4 However, the transtibial technique is reported to have several 

disadvantages including decreased bony healing, the problematic “killer turn” required for graft 

orientation, and graft size.4 Increased graft thinning, fraying, and elongation have been 

observed in cadaveric studies with the transtibial technique, owing to the “killer turn” (Figure 1, 

Appendix E) and thought to contribute to increased graft failure.1,4 A study by Kim et al. 

compares outcomes between SB transtibial, SB arthroscopic inlay, and DB arthroscopic inlay 

procedures for PCLR.16 A significant difference was found in the mean side-to-side difference in 

posterior tibial translation between the DB inlay (3.6+1.43mm) and the SB transtibial 

(5.6+2.00mm) in favor of DB inlay, but not in any other outcomes of knee range of motion or 

function (Lysholm scores) between groups.16 Patients were followed for longer than 2 years and 

the authors concluded that, despite increased procedural complexity, the arthroscopic DB inlay 

PCLR was the preferred method based on improved stability.16 Arthroscopic procedures have 

advanced in recent years and offer advantages over open procedures such as reduced incision 

site morbidity, avoidance of patient positioning in prone or laterally, and decreased procedure 

time.4 It should be noted that more research is needed to properly compare surgical procedures, 

often lacking due to the relative rarity of PCL injury in comparison to ACL injury, and that no 
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procedure has proven to completely restore normal knee stability.4 The authors of the Bedi et al. 

review prefer the SB arthroscopic inlay procedure,4 while Pache et al. advocate for the DB 

arthroscopic inlay procedure,2 each outlined in the respective reviews. Additionally, a cadaveric 

study by Wijdicks et al. found that the anatomic DB technique demonstrated superior kinematic 

results (posterior translation and internal rotation) compared to anatomic SB.15 

 

While postoperative rehabilitation protocols have not been clearly established, most 

generally focus on increased quadriceps strength and normalized range of motion as priorities 

after several weeks of graft protection through bracing, weightbearing precautions, and limited 

hamstring activation.8 Progression in PCL rehabilitation programs typically occurs more 

conservatively than ACL rehabilitation, for both nonoperative and post-operative protocols, due 

to likelihood of persistent laxity and attempts to limit this unfavorable outcome.8 Patients are 

often immobilized in full extension after PCLR for several weeks along with weightbearing 

precautions to protect graft integrity.8 Similar to conservative rehab management, passive ROM 

exercise are initiated early in prone to avoid posterior sag of the tibia due to gravity or hamstring 

activation and limited to 90 degrees of flexion.8 Progression criteria often incorporate pain-free 

ROM and sufficient quadriceps strength, slowly allowing weightbearing, closed kinetic chain 

exercises to 70 degrees of flexion initially, and progressing to full range, open kinetic chain, and 

functional and sport-specific training around 6 months.8 The review by Pierce et al. includes 

examples of protocols reflecting current literature for both conservatively and surgically 

managed PCL injury and have been included in Appendix D (Figure 1 and 2).8 

 

In addition to the controversy over surgical techniques, there has also been increased 

focus on the consequences of PCL-deficient knee mechanics on the long-term health of injured 

knees after conservative management. While it appears that patients may clinically tolerate a 

PCL-deficient knee, this result is not mirrored by improved objective measures of knee joint 
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stability in these cases, and more recent evidence has focused on describing the altered joint 

kinematics and loads observed and possible long-term consequences for joint health.3 

Increased degenerative changes have been observed for complete PCL tears treated 

nonoperatively, particularly in the medial and patellofemoral compartments.2 Post-injury 

kinematics have been observed to be affected such that persistent posterior subluxation of the 

medial tibia likely occurs.17 A study of PCL-deficient knees by Van de Velde et al. reported a 

shift of peak tibiofemoral contact to a more anterior and medial position on the tibial plateau, 

associated with increased cartilage degeneration in the medial knee.18 This pattern has been 

observed to be greater in knee flexion (e.g. with active hamstrings).18,19 Indeed, PCL-deficient 

knees demonstrate a prevalence of arthrosis ranging from 11%-53%, primarily in the medial and 

patellofemoral compartments.3 Studies reporting on long-term outcomes after PCL injury have 

found an increased prevalence of joint arthrosis and degenerative changes, yet prognostic risk 

factors have evaded identification, and the amount of persistent laxity does not seem to 

correlate with decrease in knee function over time.1,5 A large retrospective population study in 

Taiwan (n=4,169) found that individuals with PCL injury were at increased risk for knee 

osteoarthritis (OA), subsequent meniscal injury, and subsequent total knee arthroplasty 

compare to non-injured individuals, and risk was significantly higher if patients did not receive a 

PCLR compared to those with PCLR.20 Furthermore there was a significantly decreased risk if 

surgery occurred within 1 year of injury.20 However, the initial injury severity and presence of 

concomitant cartilaginous injury was not reported or analyzed in the study. A retrospective study 

of 48 individuals with isolated grade III PCL tears found that compared to age-matched healthy 

controls, the PCL-deficient patients were 6 times more likely to develop OA, 2 times more likely 

to suffer subsequent meniscal injury, and 3 times more likely to undergo TKA.21 Only 5 of the 

PCL-injured group underwent surgical management.21 A comparison of conservative and 

surgical management by Ahn et al. found that reconstruction resulted in significantly less side-

to-side difference in posterior tibial translation, but clinical significance could not be 
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determined.22 Gwinner et al. examined 42 knees after PCLR (SB technique) with MRI at least 5 

years post-injury to find increased degenerative changes compared to the contralateral knee, 

predominantly in the medial and patellofemoral compartments, and they occur irrespective of 

posterior stability.23 In this study, concomitant meniscal/cartilage injury and number of previous 

surgeries were noted risk factors for joint degeneration.23 

 

In conclusion, PCL injury has historically received less attention due to its relative rarity, 

especially in isolation. Traditionally, lower grade tears have been treated conservatively with 

positive outcomes despite residual posterior laxity on objective examination. Furthermore, 

surgical management has been inconsistent in treatment of PCL injury as compared to ACL 

reconstruction, and patients commonly report ongoing residual posterior laxity after 

reconstruction.8 This has led to the general consensus that isolated PCL injury may be treated 

conservatively with similar outcomes, and surgery should be reserved for more serious injury 

which often presents as part of multi-ligament trauma. Recently, with increased understanding 

of the biomechanical function of the PCL, advances in surgical techniques, and increased 

attention on the long-term sequelae of PCL-deficiency, there has been controversy over proper 

management of PCL injury, especially isolated grade III. While evidence from retrospective 

studies highlights the risk of subsequent joint degeneration in conservatively managed isolated 

grade III PCL injury, more high-quality longitudinal studies utilizing systematic comparisons are 

required to definitively guide clinical decision making in this population. While posterior laxity 

may persist after conservative and surgical intervention alike, injury and patient characteristics 

such as concomitant cartilage injury, age, weight, quadriceps strength, and activity level require 

close consideration in treatment decisions and implications for rehabilitation outcomes. At this 

time, no specific surgical technique can be definitively recommended as superior, however 

consideration of DB techniques resulting in more effective laxity reduction and the potential 

benefits for long-term knee health warrants further research. 
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APPENDIX A: Anatomy with Pertinent Landmarks 
Figure 1: “(A) Anterior and (B) posterior views of the native posterior cruciate ligament (PCL). 
Emphasized are the femoral and tibial attachments of the anterolateral bundle (ALB) and posteromedial 
bundle (PMB) of the PCL and the osseous landmarks: the trochlear point, the medial arch point, the 
bundle ridge, and the champagne-glass drop-off. ACL, anterior cruciate ligament; aMFL, anterior 
meniscofemoral ligament (ligament of Humphrey); FCL, fibular collateral ligament; PFL, popliteofibular 
ligament; pMFL, posterior meniscofemoral ligament (ligament of Wrisberg); POL, posterior oblique 
ligament.” Reproduced from Kennedy et al. (2015)6 

 
 

Figure 2: “(A) Arthroscopic view of the femoral attachment of the posterior cruciate ligament (PCL) in a 
right knee, demonstrating pertinent landmarks. (B) Quantitative measurements for the femoral attachment 
of the PCL. The values are reported in millimeters. ALB, anterolateral bundle; aMFL, anterior 
meniscofemoral ligament; PMB, posteromedial bundle; pMFL, posterior meniscofemoral ligament.” 
Reproduced from LaPrade et al. (2015)1 
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Figure 3: “(A) Arthroscopic view of the tibial attachment of the posterior cruciate ligament (PCL) of a 
right knee, demonstrating the pertinent landmarks. (B) Quantitative measurements for the tibial 
attachment of the PCL. The values are reported in millimeters. ALB, anterolateral bundle; PMB, 
posteromedial bundle; m, muscle.” Reproduced from LaPrade et al. (2015)1 
 

 
 
 

 
 

APPENDIX B: BIOMECHANICAL BEHAVIOR 
Figure 1: (Left) Changes in posterior translation of the tibia after sectioning of the ALB, PMB, and 
complete sectioning of the PCL compared graphically. Applied 134-N posterior tibial force 
 (Right) Changes in internal rotation of the tibia with applied 5-N×m internal rotation torque. Appreciate that 
complete sectioning results in significantly more joint motion compared to either bundle alone, especially 
at higher flexion angles. This graphically represents the codominant behavior of the 2 functional bundles. 
Note the increased contribution of the PMB as the knee flexes for posterior translation and throughout 
knee ROM for internal rotation. Reproduced from Kennedy et al. (2013)6 
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APPENDIX C: PCL Injury Evaluation and Diagnosis 
 
Table 1: PCL Injury Classification as determined by results of Posterior Drawer Test. Values 
listed as Side-to-Side Difference. Reproduced from Bedi et al (2016)4 

 
 
Figure 1: Posterior Drawer Test. Patient in supine with knee bent to 90 and foot resting on table. 
Examiner positions tibia in correct starting position (A) if needed. Posteriorly directed force applied with 
observation and quantification of posterior translation and end feel. PCL injury graded by side-to-side 
difference according to measures listed in Table 1. Picture from LaPrade et al. (2015)1 

 
 
Figure 2: 
Sag Sign. Patient in supine with knee bent 
to 90. Positive for Sag Sign below on right 
knee as proximal anterior tibia is noted to 
sag posteriorly. Photo taken from LaPrade 
et al. (2015)1 
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Figure 3: 
Quadriceps Activation Test. Patient in 
supine with knee bent to 90. Examiner 
stabilizes foot on table while instructing 
patient to attempt to extend the knee. 
Positive observed when posteriorly 
positioned tibia reduces anteriorly with 
quadriceps activation.  

 
Photo source: 
https://www.researchgate.net/profile/Deryk_Jones/publicatio
n/12690277/figure/fig5/AS:667825526030348@1536233421
784/Quadriceps-active-test-Contraction-of-the-quadriceps-
causes-reduction-of-the.ppm 

 
Figure 4: Godfrey’s Test. (Top) starting 
position with patient supine with hip and 
knee in 90-90 position with examiner 
supporting leg at ankle. Lateral view to 
observe for posterior sag of proximal tibia in 
presence of PCL disruption. (Bottom) 
Patient’s attempt to extend knee while 
examiner resists. Positive noted with 
observed posterior sag followed by anterior 
translation of tibia with attempted knee 
extension.  
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Figure 5: 
Dynamic Posterior Shift (aka. Reverse Pivot 
Shift). Starting position with patient supine 
with hip and knee in 90-90 position with 
examiner supporting leg. Examiner 
passively extends patients leg with slight 
valgus force applied to lateral proximal tibia. 
Positive is seen with audible or palpable 
clunk around 30 degrees of knee flexion 
(Iliotibial band changes from a flexion to 
extension vector), denoting reduction of 
tibia. Indicates posterolateral instability due 
to PCL and/or PLC injury. 

 
Photo source: 
http://www.hkmacme.org/course/2009BM0007-01-
00/sp0709_f5.png 

 
Figure 6: 
Dial Test. Patient in supine. External 
rotation force applied at ankle to observe for 
abnormal or increased tibial external 
rotation compared to uninjured side. 
Positive is >10 degrees side-to-side 
difference. Patient tested at 30 and 90 
degrees knee flexion. Positive at 30 
degrees: PLC only. Positive at 30 and 90 
degrees: PCL and PLC injury. 

 
 Photo source:https://musculoskeletalkey.com/wp-

content/uploads/2016/06/9781604065145_c005_f003.jpg 
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Figure 7: Lateral kneeling PCL stress radiographs. Note increased posterior tibial translation on 
image of right knee (right image). This individual has 20.6mm of increased posterior translation 
compared to uninjured side. This would be classified as a grade III injury, likely combined with 
multi-ligament injury (i.e. PLC). Image from LaPrade et al. (2015)1 
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APPENDIX D: Rehabilitation Protocols 
*Both of the following are taken directly from Pierce et al. (2013)CITE  
Figure 1: Rehabilitation protocol for PCL injury managed conservatively 
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Figure 2: PCL reconstruction postoperative rehabilitation protocol (PIERCE) 
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APPENDIX E: PCL Surgical Techniques 
 
Figure 1: Transtibial Technique (Left) compared to the tibial inlay technique (Right). Note the 
“killer turn” that the graft must make around the tibial plateau as it enters the knee joint in the 
transtibial technique. Photo reproduced from Voos et al. (2012)5 

 
 
Figure 2: Tibial Inlay: (A) Posterior view of the single-bundle tibial inlay technique. (B) Posterior 
view of the double-bundle tibial inlay technique. Images from a cadaveric study publication by 
Bergfeld et al. (2005) in which no statistical difference was found between SB and DB grafts. 
However, the DB actually resulted in less posterior translation than intact PCL knees between 
30 and 60 degrees. Knees were not tested beyond 90 degrees of flexion.24 

 
Photo source: https://ai2-s2-public.s3.amazonaws.com/figures/2017-08-08/97601e1ee7a3b0430d40a04f88de127a12d32d69/3-
Figure2-1.png 
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Figure 3: Anatomic Single-Bundle technique. Note that only the ALB is reconstructed in this 
procedure.15 

  
Figure 4: Anatomic Double-Bundle:15 

 
NOTE: Anatomic PCLR images above (Figure 3 and 4) reproduced from Wijdicks et al. 
(2013),15 a cadaveric comparison study demonstrating that anatomic double-bundle PCLR 
(aDB) resulted in significantly less posterior translation than anatomic single-bundle (aSB) 
PCLR at all flexion angles 15 to 120 degrees. The largest difference (5.3mm, p=.017) was 
observed at 105 degrees flexion. The aDB also resulted in significantly less internal rotation at 
all angles of flexion >90 degrees.15 This study was part 2 to the Kennedy et al. study discussed 
in the paper.6 
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