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The literature was reviewed for reports on the pathogenesis, diagnosis and treatment of injuries to the posterior cruciate 
ligament (PCL). PCL is the largest intra-articular ligament in the knee joint and has good tensile mechanical properties. 
Optimal diagnosis and appropriate treatment strategies for PCL injury are discussed. Nonoperative treatment of isolated PCL 
injuries is associated with a significant risk of degeneration of the knee structures and impaired function. A comprehensive 
line of PCL reconstruction options are offered for the surgical approach to PCL reconstruction to restore functional joint 
stability in the knee. Literature data on protective effect of glucosamine, chondroitin sulfate in the prevention of secondary 
knee osteoarthritis caused by PCL ruptures were reviewed.
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INTRODUCTION

Knee injury is a common concern for which 13 % 
of individuals would seek medical assistance [1–3]. 
About 60 % of population present with knee pain 
and disturbed knee function throughout the lifetime 
[2–4]. Traumatic ligament injuries are a common 
cause of morbidity in professional athletes [2, 5, 6]. 
The most common types of sports sprains happen in 
the ankle or in the knee. Although ankle sprains are 
by far more common than knee sprains, many knee 
injuries can be successfully repaired with surgical 
approaches that frequently cause unsatisfactory 
results [5, 6]. Knee injury is more common among 
working-age males and usually results from traumatic 
injury and degenerative joint changes [7–9]. Road 
traffic accident accounts for majority of the cases of 
knee injuries that are equally common in drivers, car 
occupants and pedestrians 

The most common pattern of injury is reported 
to be dashboard injuries in motor vehicle accidents, 
contact sports like soccer [4]. Excessive weight, 
specific occupational habits, previous history of knee 
injury also increase the likelihood of development of 
gonarthrosis [9, 10]. The factors that play a role in the 
development of degenerative changes in the knee are 
ligament deficiency, posttraumatic joint laxity with 
a resultant varus alignment. Signs of pathological 

changes in the articular cartilage and the bone are 
seen in more than 50 % of patients with a disturbed 
knee function [11]. 

Posterior cruciate ligament (PCL) tears comprise 
3 % of knee injuries and 38 % of acute traumatic 
knee hemarthroses [4, 5]. These injuries rarely occur 
in isolation, and up to 95 % of PCL tears occur in 
combination with other ligament ruptures. PCL 
tears are increasingly being recognized as source of 
morbidity and reduced function because of persistent 
instability, pain and development of degenerative 
joint disease [12].

The objective of the article was to review 
literature for reports on the pathogenesis, diagnosis 
and treatment of injuries to the PCL. 

PCL is the largest intra-articular ligament in 
the knee joint and has good tensile mechanical 
properties. The PCL is comprised of two bundles: 
the larger anterolateral bundle (ALB) and smaller 
posteromedial bundle (PMB). The size of the femoral 
attachment of the ALB is nearly twice the size of its 
tibial attachment and has been reported to range from 
112 to 118 mm2 [13, 14]. The center of the femoral 
ALB footprint is located 7.4 mm from the trochlear 
point, 11.0 mm from the medial arch point, and 
7.9 mm from the distal articular cartilage. ALB tibial 
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attachment center is located 6.1 mm posterior to the 
shiny white fibers of the posterior medial meniscus 
root, 4.9 mm from the bundle ridge which separates 
both bundles [14].

The area of the PMB femoral attachment is between 
60 mm2 and 90 mm2 in size and is located between 
the anterior and posterior meniscofemoral ligaments. 
The femoral PMB center is located 11.1 mm from the 
medial arch point and 10.8 mm from the posterior 
point of the articular cartilage margin. The PMB tibial 
attachment center is located 4.4 mm of the posterior 
tibia and 3.1 mm lateral from the medial groove 
of the medial tibial plateau articular surface [14]. 
These measures have biomechanical and surgical 
implications, because an anatomic reconstruction 
of the ALB and PMB better restores native knee 
kinematics and has been reported to improve clinical 
outcomes.

Functionally, the PCL is a primary restraint to 
posterior tibial translation at all flexion angles. It also 
has a role in primary restraint for internal rotation 
beyond 90° and a supplemental restraint to external 
tibial rotation beyond 90° of flexion [13]. Both 
bundles have a synergistic behavior during knee range 
of motion [14–16]. The strength of PCL is added by 
frequently identified 1 or 2 meniscofemoral ligaments 
known as ligaments of Humphry and Wrisberg. The 
ligaments are found to be present in 70-80 % of the 
knee joints. 

Historically, the ALB and PMB were believed 
to function independently in a reciprocal nature, 
with the ALB primarily functioning in deep flexion 
and the PMB in extension [15]. However, recent 
biomechanical studies have demonstrated that both the 
ALB and PMB assume a significant role in resisting 
posterior tibial translation at all flexion angles. This 
suggests a codominant relationship between both 
bundles and, therefore, both assume a significant role 
in knee stability [17].

The ALB is the main resistant to posterior tibial 
translation between 70° and 105°, while the PMB 
is the main resistant between 0° and 15°. This 
distribution of forces between the two bundles has 
surgical implications at the time of graft fixation 
during anatomic double-bundle PCL reconstructions. 
Kennedy et al. (2013) reported in a biomechanical 
study that when both bundles were sectioned, 
11.7 mm of posterior tibial translation at 90º was 
observed. This suggests that to have a grade III PCL 
injury, both bundles need to be torn. 

The PCL has recently been reported to have a more 
important role for rotational stability than previously 

thought. It restricts internal rotation at all flexion 
angles, and the PMB was reported to be the most 
important bundle for controlling rotation beyond 90º 
of flexion [18]. The combination of symptoms, history 
with the focus on mechanism of injury and clinical 
examination tests, with the addition of noninvasive 
imaging, invasive procedures including intraoperative 
repair is vital to make an accurate diagnosis of PCL 
deficiency. However, the diagnosis can be difficult 
due to a late presentation of athletic injury.

Knee extension deficit is indicative of a knee 
injury, ligament or meniscus tear as well as combined 
injuries to the articular structures [18]. Joint 
instability is another substantial sign of impaired 
ligamentous apparatus of the knee. Clinically 
significant laxity is noted in an injury to at least two 
ligaments. The posterior drawer test is used to assess 
for PCL tears [19]. Hemarthrosis is not indicative 
of a collateral ligament sprain and not detected in 
40 % of arthroscopic findings with nonoperative 
treatment to follow. Acute hemarthrosis of the knee 
is diagnosed with a PCL injury in one third of the 
cases [20]. Arthroscopy is considered to be the most 
accurate diagnostic tool available for the evaluation 
of ligament injuries [20]. Endoscopic evaluation of 
posterolateral complex is difficult in PCL injuries.

PCL tears are typically produced by external trauma 
such as the classic “dashboard injury” resulting from 
a posteriorly directed force on the anterior aspect of 
the proximal tibia with the knee flexed. In athletics, 
the typical mechanism of isolated PCL tears is a direct 
blow to the anterior tibia or a fall onto the knee with 
the foot in a plantar flexed position. Football, rugby 
and skiing are among the sports with highest incidence 
of PCL tears [21]. Non-contact mechanisms, such as 
hyperflexion or hyperextension, are less common 
[22]. Symptoms depend upon the injury mechanism 
(high- or low-energy) as well as chronicity. Stiffness, 
swelling and pain on the posterior aspect of the knee 
are typical symptoms, while anterior knee pain and 
instability when descending stairs are more often 
associated with chronic isolated tears [23, 24].

Physical examination for acute conditions of the 
knee can be difficult due to pain and guarding. The 
findings of clinical examination, mechanism of injury 
and symptom presentation are important for making 
an accurate diagnosis of PCL deficiency. It is critical 
to examine the contralateral knee first and compare 
it to the injured knee. The posterior drawer test is 
performed at 90º of flexion, and has a sensitivity of 
90 % and a specificity of 99 % [25]. A false-positive 
pseudo-Lachman test for the ACL is not uncommon. 
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An important indication of PCL deficiency is a 
positive Clancy sign, which is a loss of the normal 
anteromedial and lateral prominences of the tibial 
plateau beneath the femoral condyles, as determined 
by palpation with the knee at 90º of flexion and 
neutral rotation. The Godfrey test is performed with 
the hip and knee flexed to 90º while the examiner 
supports the leg. If the PCL is torn, an abnormal 
contour may be evident at the proximal anterior tibia 
viewed from a lateral position. The quadriceps active 
test is performed with the patient supine and the knee 
90º flexed while the examiner stabilizes the foot. A 
positive test is observed when the patient performs an 
isometric quadriceps contraction. 

In a study by Moulton et al. (2015) side-to-side 
differences in internal rotation were assessed under 
anesthesia by measuring anterior tibial tubercle 
excursion. The supine internal rotation test performed 
between 60º and 120º resulted in 95.5 % sensitive 
and 97.1 % specific in diagnosing a grade III PCL 
tear [26]. Additional tests are utilized to evaluate for 
possible combined ligament and concomitant intra-
articular injury. In a systematic review, Kopkow et al. 
(2013) reported that the quadriceps active test is the 
most specific test for detecting PCL deficiency [27].

Standard radiographs are performed to detect the 
presence of fractures, bony avulsions, joint space 
assessment and tibiofemoral joint congruity [28]. 
Stress radiography allows for comparison of the 
magnitude of posterior tibial displacement on the 
femur between the injured and uninjured knees. A 
partial PCL tear is diagnosed with 0–7 mm of side-to-
side difference in posterior displacement, 8–11 mm 
constitutes an isolated complete PCL tear and ≥ 12 
mm of posterior translation constitutes a combined 
PCL and posterolateral corner or posteromedial 
corner knee injury [29].

Magnetic resonance imaging (MRI) is an 
important adjunct to the diagnosis of PCL tears with 
a sensitivity, specificity and accuracy of nearly 100 
% for the diagnosis of acute PCL injuries [11, 30, 
31]. MRI has lower sensitivity in the evaluation of 
chronic PCL tears because the signal and shape of the 
PCL can be deceptively restored through the healing 
process in chronic cases despite residual laxity being 
present. Therefore, stress radiographs are strongly 
advocated to diagnose chronic PCL tears [32].

A recent MRI study by Wilson et al. (2016) 
quantified T2 and T2-weighed PCL properties in 
asymptomatic population of patients. The authors 
reported significant differences in T2 values in distal, 
middle and proximal regions of the PCL providing a 

feasible baseline to compare acute and chronic PCL 
tears. MRI is also important to diagnose concurrent 
meniscal, cartilage, and ligamentous injuries of the 
knee[31].

In addition, it is important to radiographically 
evaluate a sagittal plane tibial slope, especially in 
chronic or revision cases. Patients with isolated PCL 
tears and a decreased posterior tibial slope may be 
candidates for a high tibial osteotomy to increase 
their slope and thereby decrease graft forces and 
reconstruction graft failure rate. Varus and valgus 
stress radiographs are also helpful in objectively 
diagnosing suspected concurrent medial and/or lateral 
sided injuries based on physical exam findings [30-32].

The combination of the clinical tests, radiological 
assessment are used to diagnose PCL tear and 
identify treatment strategy. Nonoperative treatment is 
an option for isolated acute PCL tears with not more 
than 10 mm of posterior tibial translation decreasing 
with internal rotation of the tibia; knee rotation of not 
more than 50; the absence of noticeable knee varus 
or valgus alignment, i.e. grades I and II PCL tears. 
Surgical treatment is indicated in the absence of the 
above characteristics and in the presence of other 
impaired ligamentous or bony structures of the knee.

Approaches to the treatment of complete isolated 
PCL tears remains controversial. Some studies 
have reported good outcomes after conservative 
treatment of partial PCL tears, while others have 
reported poor results at long-term follow-up with 
disabling symptoms and functional limitations. 
Most authors agree that partial isolated PCL tears 
should be treated nonoperatively. However, disturbed 
biomechanics, redistribution of forces in the knee, 
rotational and valgus/varus instability due to PCL 
tear contribute to articular cartilage degeneration 
and resultant secondary osteoarthritis of the injured 
knee. Patellofemoral and medial compartments are 
more vulnerable in PCL-deficient knees. Complete 
PCL tears treated non-operatively have been reported 
to increase the risk of degenerative changes of the 
medial and patellofemoral compartments at a long 
term, and to be associated with poor function [33].

A set of primarily conservative management and 
rehabilitation strategies has been established for 
isolated PCL injuries [34]. In 1980, Trickey E. et 
al. termed the PCL as the central pivot point of the 
knee and recommended early surgical treatment of 
all PCL tears [35]. Dandy J. and Pusey R. (1982) 
reported that 14 of 20 patients with PCL tears treated 
conservatively had generalized pain in the knee at 
a mean follow-up of 7 years [36]. Keller P.M. et al. 
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(1993) evaluated 40 patients with isolated PCL tears 
treated conservatively, 90 % of whom experienced 
pain while 65 % reported limited activity level despite 
good muscle strength at a 6-year follow-up [34]. 
In a study of 25 patients with PCL tears, Parolie J. 
and Bergfeld J. (1986) reported that nearly half of 
the patients reported pain and one third of the cases 
had radiographic evidence of knee osteoarthrosis 
[37]. Fowler P.J. and Messich S.S. (1987) reviewed 
13 PCL injured patients treated conservatively and 
10 were subjectively dissatisfied with the level of 
physical activity [38]. Signs of cartilage degeneration 
were revealed in the medial compartment of the knee 
by Clancy W., Sutherland T. (1994) in 191 patients 
with posterior instability [39]. Therefore, surgical 
treatment is recommended for complete PCL tears 
and combined injuries to regain stability and function.

Conservative treatment is employed as one of the 
options for isolated acute PCL tears and dynamic PCL 
braces can be useful for this. It has been reported that 
because the PCL has a variable tension throughout 
knee ROM, a properly designed PCL brace should 
apply a force that varies with knee flexion angle [40, 
41]. This led to the design of functional dynamic force 
braces, which provide significantly greater applied 
force at 45º of flexion that increases with knee flexion 
angle [30, 41]. However, further clinical studies 
are necessary to determine whether posterior knee 
laxity is improved long-term following treatment of 
PCL tears with a dynamic brace. Dynamic bracing 
is indicated both for nonoperative treatment and 
postoperative rehabilitation of PCL tears.

If nonoperative treatment fails, operative treatment 
is indicated. The indications for surgical treatment 
of chronic PCL injuries also show controversies on 
the precise indications for ligament reconstruction 
due to the lack of reliable findings and traumatic 
approaches to the PCL attachments to the femur 
and tibia. Cosmetically unacceptable scars are a 
contraindication to open PCL reconstructions. 

Several techniques for PCL reconstruction have 
been offered, depending on tibial graft fixation 
(transtibial tunnel and tibial inlay techniques), the 
bundles addressed (single-bundle or double-bundle), 
and the type of graft used [42, 43]. Arthroscopic PCL 
reconstruction features several benefits including less 
traumatic procedure, slightly impaired proprioceptive 
function, more accurate positioning of bone tunnels 
and good cosmetic effect.

Articular cartilage of the knee has a role of the 
secondary stabilizer with the congruent articular 
surfaces provided, and its trophics and anatomy is 

crucial for patients with ligament deficiency. The 
disturbed biomechanics, re-distribution of forces in the 
knee, rotational and valgus/varus instability due to PCL 
tear contribute to articular cartilage degeneration and 
resultant secondary osteoarthritis of the injured knee. 
Combined use of glucosamine, chondroitin sulfate as 
Symptomatic Slow-Acting Drugs in Osteoarthritis 
(SYSADOAs) may be expected to have a protective 
effect for the condition. As a basic component of 
the cartilage and synovial fluid chondroitin sulfate 
has been shown to have a chondroprotective effect 
through anabolic and anticatabolic processes in the 
cartilaginous metabolism. Sulfates are involved 
in glycosaminoglycans synthesis, and chondroitin 
promotes water retention within joints due to the net 
negative charge providing the resilience and elasticity 
of the tissues. Glucosamine is a building block for 
articular cartilage's matrix and is used to produce 
proteoglycans, glycosaminoglycans, chondroitin and 
hyaluronic acid [44].

In vitro, a combination of glucosamine 
hydrochloride and chondroitin sulfate acted 
synergistically in stimulating glycosaminoglycan 
synthesis (96.6 %). Glucosamine alone increased 
glycosaminoglycan production by 32 % and 
chondroitin by 32 %. A combination of glucosamine 
and chondroitin was shown to result in collagen 
synthesis increased by 69 % in ligament cells, 56 % 
in chondrocytes and 22 % that is important for joint 
stability [45]. Therefore, a combination of glucosamine 
and chondroitin (glucosamine-chondroitin sulfate) 
as a basic therapy for patients with injured knee 
ligaments can be indicated for prevention of cartilage 
destruction increasing strength of ligaments and 
ultimately improving joint biomechanics.

In clinical settings, combined use of chondroitin 
sulfate and glucosamine has been shown to inhibit 
cartilage destruction processes and stimulate 
cartilage regeneration, improving pain, stiffness and 
providing anti-inflammatory effects. Allocation to the 
dietary supplement combination (glucosamine sulfate 
1500 mg, chondroitin sulfate 800 mg) resulted in a 
statistically significant (p = 0.046) reduction of joint 
space narrowing compared to placebo; no significant 
structural effect for the single treatment allocations 
was detected. A therapeutic dose of glucosamine 
sulfate 500 mg and chondroitin sulfate 400 mg 
3 times daily was shown to exert structure-modifying 
effects. Treatment with chondroitin sulfate combined 
with glucosamine for nine months daily resulted 
in significant reduction in knee pain and NSAID 
rejection in one third of the patients with 83 % having 
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