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      Management of PCL Injuries 
(ICL 1)                     

     Fabrizio     Margheritini      ,     Robert     La     Prade     , 
and     Sven     Scheffl er     

      The posterior cruciate ligament (PCL) is the 
primary stabilizer of the knee joint and is the 
major restraint to posterior tibial translation. 
PCL insuffi ciency after the ligament’s rupture 
modifi es the knee kinematics and may result in 
functional limitations in sports and daily activi-
ties. The management of PCL injuries remains 
a matter of debate, largely due to the lack of 
prospective studies delineating the true natural 
history of the injury and the absence of ran-
domized trials comparing the outcomes of cur-
rent modes of treatment. 

1.1     Anatomy and Biomechanics 
of the Posterior Cruciate 
Ligament 

    Fabrizio     Margheritini       

 Understanding the anatomy and biomechanics of 
the PCL is important to diagnosing and treating 
its injury. This ligament is a complex structure 
that arises from the posterior tibia 1 cm below the 
joint line and extends anteromedially to the lat-
eral surface of the medial femoral condyle. The 
PCL averages in length between 32 and 38 mm 
and has a cross-sectional area of 31.2 mm 2  at its 
midsubstance level, which is 1.5 times that of the 
anterior cruciate ligament (ACL) cross-sectional 
area. Its femoral (Fig.  1.1 ) and tibial insertion 
sites are approximately three times larger than 
the cross-sectional area at the midsubstance level 
of the ligament. The large ligamentous insertion 
sites and the lack of isometry within the fi bers of 
the PCL complicate the task of designing a PCL 
reconstruction technique that adequately recre-
ates the anatomical and biomechanical properties 
of the intact PCL. The ligament consists of two 
functional components referred to as the antero-
lateral (AL) and the posteromedial (PM) bundles. 
The AL bundle is two times larger in cross- 
sectional area than the PM bundle and they 
behave differently depending on the degree of 
knee fl exion. During passive fl exion and exten-
sion of the knee, the anterolateral bundle is more 
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taught in fl exion and lax in extension. Conversely, 
the posteromedial bundle is more taught in exten-
sion and lax in fl exion. Despite the widespread 
acceptance of this anatomical division of the 
PCL, alternate anatomic descriptions of the PCL 
exist, including three- and four-bundle divisions 
as well as a continuum of PCL fi ber orientation. 
In addition to the anterolateral and posteromedial 
bundles, there are two meniscofemoral ligaments 
(MFL) closely associated with the PCL: the liga-
ment of Humphrey (anterior) and the ligament of 
Wrisberg (posterior). They originate from the 
posterior horn of the lateral meniscus, run along-
side of the PCL, and insert anterior and posterior 
to the PCL on the medial femoral condyle. The 
presence of these ligaments is highly variable and 
discrepancies exist in the literature regarding 
their prevalence, but they are believed to be sig-
nifi cant anatomic and biomechanical structures 
that provide stability to the lateral meniscus. 
Biomechanical studies have shown that the PCL 
is one of the major stabilizers of the knee. It has a 
primary function of preventing posterior tibial 
displacement and a secondary role in limiting 
external, varus, and valgus rotations. Initial ten-
sile testing reported the tensile strength of the 
excised PCL to be twice that of the ACL. Studies 
showed the linear stiffness of the anterolateral 
bundle (120 ± 37 N/m) to be 2.1 times that of the 

posteromedial bundle and 2.5 times that of the 
MFL, and the ultimate load of the anterolateral 
bundle (1,120 ± 362 N/m) to be 2.7 times that of 
the posteromedial bundle and 3.8 times that of 
the MFL. Several biomechanical cutting studies 
have demonstrated that isolated section of the 
PCL increases posterior tibial translation pro-
gressively as the knee is fl exed from 0 to 90°, 
with maximal increase in translation occurring at 
90° of knee fl exion. Furthermore, results suggest 
that a biomechanical interaction exists between 
the PCL and the posterolateral structures (PLS) 
in providing stability to the knee. Isolated sec-
tioning of the PCL results in posterior tibial 
translation by up to 11.4 ± 1.9 mm, while isolated 
sectioning of the PLS increases posterior transla-
tion between 1.5 and 4 mm. However, after sec-
tioning of both the PCL and PLS, posterior tibial 
translation in response to a posterior load is 
increased by up to 25 mm. Combined PCL and 
PLS section increases posterior tibial translation 
at all degrees of knee fl exion greater than isolated 
PCL section. The PLS is a secondary restraint to 
posterior tibial translation, contributing to poste-
rior stability particularly in the PCL-defi cient 
knee, while it plays a primary role in resisting 
excessive varus and external rotational forces. 
Isolated section of the PLS increases varus and 
external rotations maximally at 30–45° and has 
little effect on these rotations at 90° of knee fl ex-
ion. Combined PCL and PLS section increases 
varus and external rotations at both 30 and 90°. 
These fi ndings, in addition to the results pertain-
ing to posterior tibial translation, suggest a syner-
gistic relationship between the PCL and the PLS 
in providing stability to the knee.

1.2        Evaluation and Indications 
for PCL Surgery 

    Sven     Scheffl er      

1.2.1     Evaluation 

 Evaluation for injuries of the PCL starts with anal-
ysis of patient history. The patient should be asked 

  Fig. 1.1    Arthroscopic view of the femoral insertion of 
the PCL ( continuous black line ) and the anterior menisco-
femoral ligament ( dotted line )       
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about existing knee complaints, whether it is pain 
or instability or a combination of both. In chronic 
cases of PCL injury, patients often complain about 
anterior knee pain due to the posterior subluxation 
of the tibia, especially when a sitting position is 
maintained for a longer period of time. Sensations 
of instability are less frequently reported unless 
combined PCL insuffi ciency exists. In acute cases 
of PCL injury, patients are mainly compromised in 
their knee function due to swelling and pain with 
instability becoming more relevant after the loss of 
effusion. It must be evaluated what type of knee 
trauma occurred. Typical for PCL injuries is a 
direct trauma to the proximal tibia with the knee in 
fl exion. However, hyperextension trauma of the 
knee can also result in PCL rupture. 

 During clinical examination patients should 
lay in supine position. In acute injuries, general 
inspection of the knee joint should check for pre-
tibial signs of injury and hematoma in the back of 
the knee. Typically an effusion can be found, 
which often limits range of motion. With the knee 
in 90° of fl exion and the foot stabilized by the 
examiner, the anterior tibial rim is palpated, which 
should be in front of the femur, which is called the 
 tibial step - off  (Fig.  1.2 ). When the tibia is pushed 
posteriorly, the tibial rim must remain anterior to 
the femur with an intact PCL. If the tibia can be 
pushed under or even posterior to the femoral 
condyles, PCL injury is imminent ( positive poste-
rior drawer sign ). Often PCL injury is mistaken 
for an ACL injury in clinical examination due to a 
posteriorly subluxed tibia at the starting position 

of the anterior-posterior drawer test. Therefore, it 
is important to fi rst pull the tibia anteriorly until 
the tibial step-off is palpable before executing the 
posterior drawer test. Always, clinical test must be 
examined on the injured and intact contralateral 
knee to differentiate insuffi ciency from inherent 
individual laxity.

   In chronic PCL defi ciency, a posterior sag of 
the tibia can be observed at 90° of fl exion com-
pared to the intact contralateral knee. Also, a pos-
terior subluxation of the tibia can be provoked by 
the patient when trying to actively extend the 
knee fl exed at 60° and the food fi xed to the exam-
ination table ( quadriceps pull test ). 

 PCL lesions are often combined with injuries 
to the posterolateral corner, to a lesser extent to 
the medial structures of the knee joint. First the 
lateral collateral ligament (LCL) is examined in 
extension and 30° of fl exion by lateral opening of 
the knee joint ( varus stress test ). Opening only at 
30° is associated with isolated LCL injury, while 
additional opening at extension is suggestive of 
injury to the posterolateral corner (e.g., arcuate 
complex) of the knee joint. Injury to the postero-
lateral structures, such as the popliteus tendon 
and arcuate complex, results into substantially 
increased posterior instability, but especially to 
external rotational instability. This can be evalu-
ated at the 90° fl exed knee by rotating the tibia 
externally while fi xing the foot to the examina-
tion table and repeating the same test on the con-
tralateral knee. The  dial test  is another clinical 
technique to analyze rotational instability, espe-
cially in combined injuries with the PCL. The 
patient lies in prone position and an assistant gen-
tly stabilizes both knee joints, while the examiner 
holds both feet of the patient and rotates them 
externally. The test is performed at 30° and 90° of 
fl exion. If increased external rotation is noticed at 
30° and 90° of fl exion, combined injury to the 
PCL and posterolateral structures is probable. 

 Anterolateral structures are examined in 20° of 
fl exion with increased opening anteriorly 
 compared to the healthy contralateral side. Also, 
increased internal rotation in 20° and 90° of fl ex-
ion might be suggestive of such injury. Medial 
structures are analyzed by valgus opening ( valgus - 
 stress test ) at extension and 30° of fl exion. 

  Fig. 1.2    Posterior drawer test with palpation of the tibial 
step-off       
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Increased opening at 0° and 30° of fl exion is sug-
gestive of injury to the medial collateral ligament 
and the posterior oblique ligament, which in most 
cases requires surgical intervention. Isolated 
opening at 30° of fl exion is caused by injury of the 
superfi cial medial collateral ligament, which can 
heal successfully with conservative treatment. 

 If acute PCL injury is assumed, conventional 
x-rays of the knee joint (AP and lateral) are taken 
to exclude fractures of the tibia and femur. 
Sometimes, a posterior sag of the tibia relative to 
the femur can be observed. If PCL injury is sus-
pected and no substantial swelling is present, the 
patient should be examined under dynamic fl uo-
roscopy on both knee joints for anterior and pos-
terior translation in 90° fl exion. If swelling has 
already occurred, pain will prevent precise exam-
ination with the patient awake. If the patient will 
have to undergo immediate surgery due to related 
injuries, this examination should be performed in 
the operation room prior to surgery. Immediate 
magnetic resonance imaging (MRI) of the knee 
joint should be carried out, which is highly sensi-
tive and specifi c for injury of the PCL and intra- 

and extra-articular peripheral structure periphery. 
This is of importance to differentiate between a 
single-ligament and multiligament injury. 

 Since PCL injury often requires a substantial 
trauma to the knee joint and associated injuries 
are frequent, vascular injuries must be excluded. 
Doppler ultrasound examinations should be per-
formed at the time of injury and repeated at 24 
and 48 h to exclude intima lesions that often pres-
ent with timely delay. 

 Stress x-rays are not indicated in the acute set-
ting. Swelling and pain will stop patients from 
relaxing the hamstrings, which prevents valid mea-
surements of true anterior-posterior translation. 

 In chronic PCL insuffi ciency, it is detrimental 
to quantify the extent of posterior instability, 
especially when differentiating isolated from 
combined chronic injuries. Objective quantifi ca-
tion and comparison of posterior translation of 
the tibia relative to the femur between both knee 
joints are of crucial importance. Conventional 
stress x-rays allow such analysis on exact lateral 
views with different imaging methods being 
described, such as Telos (Fig.  1.3 ) or kneeling 

  Fig. 1.3    Telos stress x-ray for quantifi cation of posterior translation       
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technique. It has been shown that side-to-side dif-
ferences (SSD) of 12 mm or more between the 
injured and intact knee are highly suggestive of 
combined PCL injuries, while differences of less 
than 10 mm are an indicator for isolated chronic 
PCL insuffi ciency [ 1 ]. Another important phe-
nomenon is the so-called fi xed posterior sublux-
ation [ 2 ]. It results from permanent posterior 
tibial subluxation without the possibility of fully 
restoring anterior-posterior translation in patients 
with chronic PCL insuffi ciency. It is of utter 
importance to exclude such fi xed posterior sub-
luxation prior to PCL surgery by conducting 
stress x-rays in anterior and posterior drawer 
position on both knee joints. A difference in SSD 
of 3 mm or more in reduced anterior translation 
of the PCL-defi cient knee is indicative of fi xed 
posterior subluxation on anterior stress x-rays. 
Such quantifi cation has only been shown until 
now using Telos technique [ 2 ]. If a fi xed posterior 
subluxation is found on anterior stress x-rays, full 
restoration of anterior-posterior translation must 
be achieved prior to PCL surgery.

   MRI analysis of chronic PCL insuffi ciency 
has limited use, since the PCL can recover nor-
mal signal intensity during healing independently 
from its true functional recover. Therefore, MRI 
imaging has its main use to visualize concomi-
tant injuries, especially to the cartilage of the 
patellofemoral and medial joint compartment, 
which are often associated with long-lasting PCL 
defi ciency.  

1.2.2     Indications for PCL Surgery 

 Acute isolated injury of the PCL can be treated 
successfully with conservative therapy by immo-
bilization of the injured knee in a tibial reposi-
tioning knee brace for a time period of 6 weeks. 
With chronic isolated PCL insuffi ciency, it is 
essential to confi rm that no combined instability 
of the peripheral structures of the knee joint 
exists. If patients complain about clinical symp-
toms, such as patellofemoral pain and/or subjec-
tive instability and clinical examination and 
radiographic analysis with stress x-rays verify 
isolated injury of the PCL, a brace test with a 

tibial repositioning brace should be executed for 
3–6 weeks. If clinical symptoms subside, isolated 
PCL reconstruction should be recommended [ 3 ]. 

 Acute combined injuries of the PCL and the 
medial/lateral periphery of the knee joint often 
result in permanent knee instability [ 4 ]. 
Therefore, reconstruction of the PCL and its 
comorbidities is recommended [ 4 ]. Most often, 
PCL rupture is associated with injuries of the 
posterolateral structures, such as the arcuate 
complex, the popliteus tendon, and the lateral 
collateral ligament. The excess of posterolateral 
injury must be assessed during clinical examina-
tion, while MRI will confi rm the full extent of 
injury as long as it is conducted shortly after 
trauma. It is recommended to reconstruct all 
impaired structures in a single-time procedure. 
This avoids overloading of the PCL reconstruc-
tion and premature failure due to non-addressed 
peripheral instability [ 5 ]. Less often, PCL rupture 
is combined with injuries of the medial structures 
of the knee joint. Identical approach should be 
taken to restore medial side knee stability at the 
same time when performing PCL reconstruction 
[ 6 ]. In multiligament injuries of the ACL, PCL, 
and the periphery, ideally, single-staged recon-
struction of all ligaments should be undertaken. It 
has been shown that suturing of the impaired 
structures, even in the acute setting, results in 
increased rates of insuffi ciency compared to aug-
mentation/reconstruction [ 7 ]. If the general con-
dition of the knee joint will not allow for 
prolonged surgical time, staged reconstruction 
can be opted for. First, reconstruction of the cen-
tral ligaments (ACL, PCL) should be performed, 
while addressing all peripheral structures as soon 
as the overall knee condition permits further sur-
gical intervention. 

 In combined chronic PCL insuffi ciency, 
reconstruction of all impaired structures is 
required. It is of fundamental importance to 
exclude a fi xed posterior dislocation of the tibia 
prior to PCL reconstruction [ 2 ] to avoid stabiliza-
tion of the knee joint in a subluxed position. 
Surgical reconstruction of all structures should 
be carried out in a single-staged procedure to pre-
vent excessive loading of the respective struc-
tures due to persisting, even partial, instability.   
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1.3     Surgical Treatment: 
Arthroscopic vs Inlay 

    Fabrizio     Margheritini       

 PCL reconstruction techniques can be catego-
rized as arthroscopic (transtibial) or open (inlay). 
Furthermore, the type of PCL reconstruction can 
be described as a single- or double-bundle tech-
nique, according to the graft construct that is cho-
sen for the reconstruction. 

1.3.1     Transtibial Tunnel Technique 

 The transtibial technique has been popularized 
by Clancy et al. in 1983 [ 8 ]. It is based on the use 
of a single tibial tunnel that is drilled from the 
anteromedial aspect of the proximal tibia to the 
posterior aspect of the proximal tibia at the site of 
PCL insertion. Even though it was originally 
described as an open procedure, the technique is 
now routinely performed arthroscopically. 

 Following an exam under anesthesia, the 
patient is positioned using well-padded leg hold-
ers, and the tourniquet is placed on the proximal 
thigh of the injured leg but not infl ated during the 
procedure in order to better control the intraop-
erative bleeding. Anatomic landmarks are delin-
eated on the skin with a marking pen. Standard 
anteromedial and anterolateral portals are estab-
lished on the joint line adjacent to the borders of 
the patellar tendon. Diagnostic arthroscopy is 
performed to assess all intra-articular structures 
and address the torn ligament and associated 
pathology. Author’s preferred method at this 
point establishes a posteromedial and posterolat-
eral accesses and a transeptal approach is pre-
pared. Even if the transeptal portal is not 
mandatory for performing a transtibial recon-
struction, removing the posterior septum allows a 
better visualization of the posterior compartment 
keeping away from the working area the popliteal 
artery (Fig.  1.4 ).

   Tibial tunnel is drilled using a PCL guide set 
between 50 and 55° and introduced through the 
anteromedial portal under direct visualization. 
The scope can be placed either via posteromedial 
or posterolateral access allowing an optimal 

 visualization of the posterior area (Fig.  1.5 ). Care 
is taken in order to position the tibial tunnel exit 
within the area of AL bundle attachment in order 

  Fig. 1.4    Arthroscopic view of the transeptal approach. 
Scope is through posterolateral portal controlling the tib-
ial guide placement. The cannula in the posteromedial 
portal allows using any additional tool to help this step       

  Fig. 1.5    External view of the tibial tunnel preparation by 
using the transeptal approach. The scope is introduced 
through the posterolateral portal, while the tibial guides 
(visible on the screen) through the anteromedial portal       
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to preserve the highest number possible of PM 
fi bers. Then placing the scope through the antero-
lateral access, the PCL femoral stump is debrided 
and the femoral tunnel can be drilled either using 
an outside-in or inside-out technique. Here, great 
care should be used to preserve the posteromedial 
(PM) bundle and the meniscofemoral ligament 
insertion (Fig.  1.6 ). The graft is pulled through 
the tibial tunnel, over the posterior aspect of the 
tibial plateau, and into the femoral tunnel using a 
looped 18-gauge wire or graft passer.

    A blunt trocar introduced through the PM por-
tal can be helpful in assisting the progression of 
the graft. When using a graft with a bone block, it 
is advisable to keep it on the tibial tunnel, where 
the bone density is considerably less than in the 
femoral tunnel, allowing a stronger fi xation and a 
faster healing process. 

 Before fi nal fi xation, the graft should be pre-
conditioned to minimize elongation; this is 
accomplished by passively moving the knee 
through its full range of motion several times 
while applying tension (10 lb) to the unfi xed end 
of the graft. During fi xation of the AL graft (for 
both the single- and double-bundle techniques), 
the knee is held in 70–90° of fl exion, and an ante-
rior drawer force is applied to recover the normal 
step-off between the medial femoral condyle and 
the medial tibial plateau.  

1.3.2     Inlay Technique 

 The inlay technique for PCL reconstruction was 
fi rst described in Europe by Thomann and 
Gaechter in 1994 [ 9 ] and later popularized in the 
USA. This technique originally designed to pro-
vide anatomic reconstruction of the AL can 
reproduce the two ligament bundles of the PCL 
by splitting one tail of the graft. 

 The technique requires an open posterior 
approach to the knee, which allows the direct 
fi xation of a bone plug graft complex (patella ten-
don, Achilles tendon) to a unicortical bone trough 
at the anatomic site of tibial PCL insertion. This 
fi xation, theoretically, should avoid the sharp 
angle of the graft observed at the proximal mar-
gin of tibial tunnel in the more traditional trans-
tibial technique. 

 For the inlay technique, the patient is either 
positioned in the lateral decubitus position 
(injured leg up) for the entire procedure or 
requires intraoperative repositioning from a 
supine to a prone position. These two options for 
positioning allow access to the anterior and pos-
terior aspects of the knee. In the lateral decubitus 
position, the hip is abducted and externally 
rotated, and the knee is fl exed to 90° during ante-
rior arthroscopy, graft harvest, and arthroscopic 
drilling of the femoral tunnel. Following anterior 
arthroscopy, the knee must be fully extended and 
slightly abducted to achieve adequate exposure 
for the posterior approach. If anterior arthroscopy 
is performed while the patient is supine, the 
patient must be turned prone intraoperatively to 
achieve adequate exposure for the posterior 
approach to the knee. Femoral tunnel is drilled 
during anterior arthroscopy as described above. 
A looped 18-gauge wire or graft passer, that is 
later used to pass the graft, is then placed through 
the femoral tunnel into the joint. The injured leg 
of the patient is then repositioned in preparation 
for the posterior approach. 

 The posterior approach used in the tibial inlay 
technique involves an oblique incision lateral to 
the medial gastrocnemius muscle as described by 
Burks and Schaffer [ 10 ]. The deep fascia of the 
medial gastrocnemius muscle is incised verti-
cally, parallel to the direction of the muscle fi bers. 
Attention must be paid to the sural nerve, which 

  Fig. 1.6    Arthroscopic fi nal view of the femoral PCL tun-
nel, with graft already fi xed. Note the high position of the 
graft, resembling the Al bundle, with preservation of both 
the Humphrey’s ligament and the PM bundle       
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runs between the medial head of the gastrocne-
mius muscle and the semimembranosus tendon. 

 The head of the medial gastrocnemius muscle 
is incised and retracted laterally along with the 
neurovascular structures of the popliteal region. 
A vertical incision is made in the posterior cap-
sule to expose the site of tibial PCL insertion. 
A unicortical bone block is removed at the tibial 
PCL insertion site to create a trough that will 
accommodate the bone plug of the graft. The 
bone plug of the graft is placed in the trough and 
fi xed with a 6.5-mm cancellous screw and washer. 
Using the Ethibond sutures attached to the tendi-
nous end of the graft and the prepositioned 
looped 18-gauge wire, the graft is passed through 
the femoral tunnel and fi xed. 

 It remains unclear whether the anatomic fi xa-
tion of the PCL graft achieved by the inlay tech-
nique is more effi cacious than the traditional 
transtibial technique in restoring normal knee 
biomechanics. Either biomechanical or clinical 
studies have failed to show signifi cant difference 
in knee stability when comparing the two surgi-
cal techniques. More recently in order to com-
bine the effectiveness of an arthroscopic 
procedure with the advantage of a direct fi xation, 
a full arthroscopic inlay procedure has been 
described addressing both the tibial side and the 
femoral side by Margheritini and Mariani [ 11 , 
 12 ]. This technique involves the fi xation of the 
bone block either on the tibial or femoral side by 
using a full arthroscopic technique. The bone 
block is placed in the desired position after pre-
paring an adequate slot and fi xed by using tran-
sosseous suture on a metallic button placed on 
the medial femoral condyle/anterior tibial border. 
Despite the enthusiastic early reports, mid- and 
long-term clinical studies are lacking, restricting 
the use of this technique to selected cases.   

1.4     Conservative Treatment 
of PCL Injuries 

    Robert     La     Prade     

 The PCL has been reported to have intrinsic heal-
ing ability. As a result, acute, isolated PCL tears 

can often be successfully treated with nonoperative 
management. A biomechanical study by Kennedy 
et al. [ 13 ] demonstrated that isolated PCL inju-
ries that involve a tear to only one of the bundles 
result in minimally increased posterior tibial 
translation (<3 mm) throughout range of motion. 
This may explain why acute partial tears have a 
good prognosis with nonoperative management. 
However, PCL tears that are chronic or involve 
concomitant ligament injuries to the effected 
knee have been reported to have improved out-
comes with operative management. Posterior 
stress radiographs are essential to objectively aid 
in the diagnosis of PCL injury and can be used to 
distinguish between partial, complete, and asso-
ciated multiligament injuries. With the use of a 
standardized posterior force, posterior stress 
radiographs have repeatedly demonstrated reli-
able reproduction and objective assessment of 
posterior tibial translation. Recently, the use of 
a brace that applies a constant or dynamic ante-
rior force to the posterior proximal tibia has 
been advocated for treatment of isolated PCL 
injuries [ 14 ]. 

1.4.1     Conservative Treatment 

 Studies have reported a range of outcomes with 
nonoperative management of PCL tears. 
However, a recent review by LaPrade et al. [ 5 ] 
reported a consistent fi nding across studies to be 
that PCL tears with associated ligament injuries 
resulted in worse outcomes when treated nonop-
eratively. Torg et al. [ 15 ] reported that isolated 
PCL tears treated conservatively had favorable 
outcomes at a mean 5.7-year follow-up. The 
same study reported on nonoperative treatment 
of PCL tears with concurrent ligament injury 
and found signifi cantly higher incidences of 
osteoarthritic progression and fair or poor func-
tional outcomes. Other studies on isolated acute 
PCL tears treated conservatively reported a 
healed appearance of the PCL on magnetic reso-
nance imaging (MRI) at 1.7 and 2.6 years after 
the injury; however, subjective outcome scores 
in both studies were less than satisfactory. 
Authors concluded that this discrepancy 
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between imaging and subjective outcomes was 
the result of attenuated healing of the PCL. Patel 
et al. [ 16 ] and Shelbourne et al. [ 17 ] followed 
patients with isolated PCL tears treated conser-
vatively and reported radiographic evidence of 
arthritic changes in 23 % of patients at 7-year 
follow-up and 41 % at 14-year follow-up, 
respectively. Of note, only 11 % of patients in 
the study by Shelbourne et al. had moderate to 
severe OA, and the majority had full range of 
motion, good subjective outcome scores, and 
strength that was nearly equal (97 %) to the 
uninjured leg. 

 Braces that apply an anteriorly directed 
force to the proximal tibia have been proposed 
to support PCL healing be reducing the tibia to 
its anatomical location, thereby minimizing 
PCL elongation. Jacobi et al. [ 18 ] reported on a 
static anterior drawer brace (PCL-Jack brace, 
Albrecht GmbH, Stephanskirchen, Germany) 
used for 4 months in patients with isolated 
acute PCL tears. At 6 months after the injury, 
the investigators reported restoration of PCL 
continuity in 95 % of patients based on MRI 
and signifi cantly reduced posterior tibial sag 
from initial clinic visit (7.1 mm) to follow-up at 
12 and 24 months (2.3 and 3.2 mm, respec-
tively). However, decreases in Lysholm scores 
reported at 12 and 24 months were clinically 
insignifi cant. A study by Janson et al. [ 19 ] on 
PCL bracing recommended that to best support 
the PCL-defi cient knee, braces should apply 
dynamic forces to the knee joint that replicate 
the anatomic forces applied by the native 
PCL. It has been documented that these forces 
are dependent on the degree of knee fl exion, 
and the maximal force and elongation occur-
ring between 90 and 120°, and decreasing with 
extension. As a result, LaPrade et al. [ 14 ] com-
pared the use of a static (PCL-Jack brace, 
Albrecht GmbH, Stephanskirchen, Germany) 
versus a dynamic (Rebound PCL, Össur Inc., 
Foothill Ranch, CA, USA) anterior drawer 
brace for the treatment of isolated acute PCL 
injuries. They reported that the dynamic force 
brace applied signifi cantly larger forces to the 
proximal posterior tibia at higher fl exion angles 
compared to the static force brace.  

1.4.2     Future Treatment Options 

 PCL bracing has recently gained popularity. 
However, further clinical studies are necessary to 
determine long-term outcomes. Specifi cally, 
there is a need for high-quality studies of the 
dynamic force brace to determine whether the 
loading characteristics of this brace, which more 
closely replicated the in situ loading profi le of the 
native PCL, will result in long-term improved 
posterior knee laxity following isolated acute 
PCL injury. 

 Finally we can summarize that the PCL has 
intrinsic healing ability. Conservative treatment 
is best reserved for acute isolated PCL injuries. 
The use of an anterior drawer brace to reduce the 
tibia to its anatomical position may help decrease 
posterior tibial laxity.      
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