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27.1          Principles 

 The purpose of PCL reconstruction is to restore 
normal knee stability, in order to prevent the 
development of osteoarthritic changes in the 
joint [ 118 ]. Although PCL has a greater likeli-
hood of spontaneous healing than the anterior 
cruciate ligament in the subacute or acute stages, 
residual laxity or PCL rupture associated with 
other injuries may necessitate surgical interven-
tion [ 62 ,  76 ,  77 ]. The principles of PCL recon-
struction are to identify and treat all pathology, 
accurately place tunnels to produce anatomic 
graft insertion sites and utilise strong graft 
 material, mechanical graft tensioning, secure 

graft fi xation and an appropriate post-operative 
rehabilitation program [ 26 – 30 ,  33 ,  34 ].  

27.2     Indications 

 The indications for a PCL reconstruction vary 
depending upon whether the injury is isolated or 
combined and whether the injury is acute or chronic 
[ 44 ,  124 ]. The cut-off between acute and chronic 
injuries is defi ned at 3 weeks since the initial injury. 
Isolated PCL tears have shown good outcomes 
with conservative management [ 58 ,  105 ,  119 ]. 

27.2.1     Acute PCL Tears 

 Acute isolated injuries with grade I tibiofemo-
ral step-off and injuries with grade II step-off 
with firm end (type IIA) are amenable of con-
servative treatment. On the contrary, injuries 
with grade II step-off with soft end (type IIB) 
and with grade III step-off are better addressed 
by surgical treatment (Chap.   19    ) [ 30 ,  83 ,  86 , 
 130 ]. Acute multiligament injuries involving 
the PCL, injuries of the PCL in conjunction 
with a knee dislocation or anteroposterior lax-
ity >12 mm and complete PCL tears combined 
with repairable meniscal body or root tears are 
a possible indication for PCL reconstruction 
[ 4 ,  89 ,  110 ,  114 ,  115 ,  119 ,  126 ].  
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27.2.2     Chronic PCL Tears 

 Chronic PCL tears combined with grade IIB or 
III step-off, functional limitations, instability or 
pain directly related to the PCL injury, anteropos-
terior laxity >8 mm and the absence of contrain-
dications to a ligament reconstruction are 
amenable for surgical repair [ 97 ]. 

 To identify all associated pathologies, includ-
ing ligament injuries, meniscal tears, chondral 
defects or degeneration and limb malalignment, is 
of capital importance for a correct surgical plan-
ning. Patients with chronic PCL or PLC (postero-
lateral corner) insuffi ciency may progressively 
develop medial compartment narrowing and genu 
varum. Limb malalignment must be corrected 
through osteotomy, performed in conjunction 
with ligament reconstructions either concurrently 
or in a staged fashion. Biplanar osteotomy can 
optimally control simultaneous correction of cor-
onal malalignment and increase in posterior tibial 
slope for chronic PCL  defi ciency and should 
therefore be preferred [ 30 ,  73 ,  111 ]. 

 Figures  27.1  and  27.2  provide a simple clini-
cal algorithm for the evaluation and treatment of 
acute and chronic PCL tears.

27.3          Conservative Treatment 

 The PCL has intrinsic healing ability after injury, 
although this healing may occur in a lax or atten-
uated position [ 58 ,  105 ,  119 ,  120 ,  125 ]. 
Nonoperative treatment based on splinting and 
rehabilitation only can be used to address iso-
lated acute grade I and IIA PCL injuries. The 
knee should be splinted in extension with a pad to 
counteract gravity pulling the tibia posteriorly for 
the fi rst 4–6 weeks or protected in a brace that 
applies a constant or dynamic anterior force to 
counteract the posterior sag of the tibia [ 58 ,  59 , 
 74 ,  87 ]. 

 Full extension reduces the tibia, prevents pos-
terior sag and diminishes the effects of gravity 
and hamstring muscle contraction on tibial trans-
lation. Moreover, in this position the anterolateral 

Acute PCL injuries

Isolated

Grade I Grade IIA Grade IIB and III

Combined

Acute PLC repair/reconstruction
PCL reconstruction

PCL/PLC PCL/ACL PCL/ACL/
Medial or
Lateral corner

4–6 weeks of knee
immobilisation in extension
and then physical therapy

Surgical reconstruction

PCL and ACL
reconstruction

Acute PLC repair/reconstruction
PCL and ACL reconstruction
Nonoperative management MCL 

  Fig. 27.1    Algorithm for the evaluation and treatment of acute posterior cruciate ligament tears (Modifi ed from [ 30 ])       
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 component of the PCL is slack, allowing healing 
to occur in a more favourable position from the 
 biomechanical point of view. During this period, 
quadriceps muscle-strengthening exercises are 
encouraged, whereas the use of the hamstring 
muscles is prohibited to minimise posterior tibial 
load. The patient is then started on progressive 
weightbearing, with active, assisted range of 
motion (ROM) exercises and quadriceps 
strengthening. 

 Goals of rehabilitation are allow PCL healing, 
minimise effusion, restore full ROM, strength 
and function allow return to previous activities. 
Rehabilitation principles are cooling and com-
pression with elevation to reduce the effusion; 
exercises to restore full knee extension, fl exion 
and strength; and stationary bicycle or stairclimb-
ing machine to increase endurance. Functional 
activities and sport-specifi c training should pre-
cede the return to play [ 118 ]. 

 In a similar fashion, chronic grade I and IIA 
PCL injuries can be treated nonoperatively with a 

physical therapy protocol, which consists in 
active, assisted ROM exercises and quadriceps 
strengthening.  

27.4     Timing 

 Compromise of vascular structures, compartment 
syndrome or the presence of an open or irreducible 
joint can necessitate an urgent surgical intervention 
consisting of revascularisation, surgical reduction 
or compartment release. In high-energy PCL inju-
ries which do not involve the aforementioned com-
plications and in low-energy PCL injuries, to delay 
ligament reconstruction for a few weeks in an 
attempt to decrease swelling of the soft tissue enve-
lope is preferred by most surgeons. Better out-
comes have been associated to defi nitive ligament 
repairs and/or reconstructions performed within 
2–3 weeks from the time of injury, while pericap-
sular stretching is seen at a higher incidence in 
chronic PCL tears [ 29 ,  35 ,  48 ,  77 ,  78 ,  129 ].  

Chronic PCL injuries

Isolated

Grade I Grade IIA

Evaluate limb alignment. May need to add corrective osteotomy to reconstruction.

Grade IIB and III

Combined

PCL/PLC PCL/ACL PCL/ACL/
Medial or
Lateral corner

Surgical reconstruction
If symptomatic instability
and or pain

PCL reconstruction
± PLC reconstruction
± ACL reconstruction
± MCL reconstruction

Physical therapy
Quadriceps strengthening

  Fig. 27.2    Algorithm for the evaluation and treatment of chronic posterior cruciate ligament tears (Modifi ed from [ 30 ])       
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27.5     Procedures 

27.5.1     Graft Choice 

 The grafts commonly used to reconstruct the 
PCL can be classifi ed as indicated in Fig.  27.3 . 
Each type of graft has advantages and disadvan-
tages and can have a signifi cant impact on the 
clinical management and outcomes.

27.5.1.1       Autografts 
 When compared to allografts, all autograft tis-
sues exhibit faster incorporation with adjacent 
tissues and have no risk of immune-mediated tis-
sue rejection or infectious disease transmission. 
Additionally, autograft tissues are not exposed to 
sterilisation or other processes, which could neg-
atively impact on both the biomechanical and 
biological properties of the graft. 

 Donor-site morbidity represents a distinct dis-
advantage associated with autograft harvest [ 77 ]. 

 Several autograft tissue options are available 
(Fig.  27.4 ) for harvest either in the ipsilateral or 
contralateral extremity, including bone–patellar 
tendon–bone (BPTB), hamstring (semitendino-
sus and/or gracilis) and quadriceps tendon–patel-
lar bone (QTB). Each graft has its own strengths 
and weaknesses with regard to biomechanical 
properties, ease of harvest, morbidity, biology of 
healing and fi xation [ 77 ]. Hamstring tendon 
appears to be the preferred among autografts, 
being used in 72 % of patients, followed by BPTB 
in 16 % and QTB in 12 % [ 53 ].

     BPTB 
 In BPTB the patellar block is approximately 
8 × 20 mm, the tibial block is 10 × 30 mm, and the 
main length of the tendon is 40–60 mm [ 18 ,  20 ]. 

AUTOGRAFTS

ALLOGRAFTS

ARTIFICIAL GRAFTS

Grafts with 2 bone blocks: BPTB
Grafts with 1 bone block and a part of free tendon: QTB
Free tendons: hamstrings

Grafts with 2 bone blocks: BPTB
Grafts with 1 bone block and a part of free tendon: QTB, Achilles tendon
Free tendons: hamstrings, anterior and posterior tibial tendons

  Fig. 27.3    Types of 
PCL grafts available       

a

b

c

  Fig. 27.4    Autografts available for PCL reconstruction, 
after preparation: BPTB ( a ), QTB ( b ), hamstrings ( c )       
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 BPTB allows stable and simple fi xation, and 
the bone-bone healing promotes quick integra-
tion. Possible disadvantages are the arousal 
of anterior knee pain and worsening of patello-
femoral osteoarthritis, patellar fractures, bone 
block fractures in case of diffi cult passage of the 
graft through the tibial tunnel or during fi xation 
of the inlay and herniation of the infra-patellar fat 
pad through the tendon scar. In rare cases the 
patellar tendon can be too short to adequately 
reconstruct the PCL (especially with trans-tibial 
technique). For this reason the use of BPTB is to 
be avoided in patients with too short patellar ten-
don and after patellar fractures. 

 Moreover, the small section of the tendon 
might not permit to perform a double-bundle 
repair [ 51 ,  77 ].  

   QTB 
 QTB presents a tendon portion approximately 
8–10 cm long, a bone block of 2.5–3 cm and a large 
cross-sectional area (12 × 8 mm) [ 16 ,  39 ]. QTB is a 
versatile graft: its bone block can be fi xed either in 
the femoral or in the tibial tunnel, and its free ten-
don portion can be splinted to perform a femoral 
double-bundle surgical technique. QTB is there-
fore suitable for trans-tibial and tibial inlay tech-
niques and for revision surgeries [ 51 ,  100 ,  140 ]. 

 QTB is less popular than other graft options for 
the more demanding surgical technique, the pos-
sible arousal of anterior knee pain and worsening 
of patellofemoral osteoarthritis and the theoretical 
concern of weakening the quadriceps and the 
extensor mechanism in its harvesting [ 22 ,  136 ].  

   Hamstrings 
 Hamstrings are versatile graft: their harvest is 
low demanding, quick and does not damage the 
patellofemoral complex, and it’s possible to per-
form all surgical techniques with easy passage of 
the graft through every type of bone tunnel. 
Disadvantages of the hamstrings are possible ten-
don rupture during harvest, hematoma of the soft 
tissues (more frequent if harvesting is performed 
“aggressively”) and some diffi culty in the tendon 
preparation. Worsening of the medial instability 
is a concern when using hamstrings; for this rea-
son autograft hamstrings are contraindicated in 

sports, in which the medial structures are under 
tension (e.g. dancing) and in patients with a 
medial collateral ligament tear [ 51 ,  77 ]. 

 Good short- and long-term results have been 
reported for PCL reconstruction with QTB [ 16 , 
 140 ], hamstring [ 14 ,  15 ,  52 ,  81 ,  116 ,  139 ,  144 , 
 146 ] and BPTB autografts [ 63 ,  81 ,  116 ], with no 
signifi cant difference found in direct compari-
sons of QTB with hamstrings or BPTB with ham-
string grafts [ 16 ,  63 ,  81 ].   

27.5.1.2     Allografts 
 Overall advantages of allografts compared to auto-
grafts are the broader choice of size and shape 
options, the elimination of any donor-site morbid-
ity and any additional risk-associated tissue har-
vest and the reduction of total operative and 
tourniquet time. Distinct disadvantages are a small 
risk of infectious disease transmission, slower 
incorporation of graft tissue, potential for immu-
nologic rejection and increased costs [ 3 ,  5 – 7 ,  38 , 
 44 ,  46 ,  47 ,  49 ,  54 – 56 ,  77 ,  94 ,  99 ,  117 ,  123 ,  133 ]. 

 The Achilles tendon is currently the most fre-
quently used allograft, due to the presence of a 
bone block and thanks to its large size and wide 
sectional area (12 × 8 mm) which permit to easily 
splint it to perform a double-bundle repair 
(Fig.  27.5 ) [ 131 ]. Double-stranded anterior and 
posterior tibial tendons are also commonly used 
allografts. Other allograft options include BPTB, 
hamstrings, and QTB [ 77 ].

   Artifi cial ligaments were also proposed for 
PCL repair [ 13 ,  17 ,  23 ,  36 ,  41 ,  82 ,  98 ,  127 ].   

27.5.2     Surgical Techniques 

 Various techniques have been described to recon-
struct the PCL. The main differences among 

a

b

  Fig. 27.5    Achilles tendon allograft before ( a ) and after 
preparation ( b )       
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them are the tunnel placement technique 
 (trans- tibial and tibial inlay for the tibial one; 
outside- in, inside-out and all-inside techniques 
for the femoral one), the number of femoral tun-
nels drilled (single-bundle and double-bundle) 
and the surgical approach (open or arthroscopic). 

27.5.2.1     Setting, Portals 
and Diagnostic 

 The patient is placed supine. General or epidural 
anaesthesia may be used. Examination under 
anaesthesia is useful to confi rm and classify liga-
mentous injuries (Chap.   19    ). Depending on sur-
geon’s preferences, a leg holder may support the 
ipsilateral or the contralateral leg, and a lateral 
post can be used to control the surgical extremity; 
the use of a tourniquet may facilitate visualisa-
tion. Fluoroscopic imaging is recommended, 
although not routinely used by some authors. A 
70° arthroscope may improve visualisation and 
should be available [ 30 ]. 

 The arthroscopic instruments are inserted with 
the infl ow through the superolateral patellar por-
tal. Instrumentation and visualisation are posi-
tioned through inferomedial and inferolateral 
patellar portals and can be interchanged as neces-
sary. Additional portals are established as 
necessary. 

 If blood clots or loose bodies are present, 
 irrigation and debridement are performed. 
Routine diagnostic arthroscopy is fi rst performed 
 addressing meniscal and chondral pathology as 
 encountered. Capsular or meniscal lesions are 

treated according to surgeon’s preferred tech-
nique. The PCL tear is then documented and the 
insertion sites are debrided [ 28 ].  

27.5.2.2     Tibial Graft-Positioning 
Techniques 

   Trans-tibial Technique 
 Any adhesions in the posterior aspect of the knee 
must be removed and the capsule elevated from 
the posterior tibial ridge with curved over-the-top 
PCL. This will allow accurate placement of the 
PCL drill guide and correct placement of the tib-
ial tunnel. The arm of the PCL guide is inserted 
through the inferior medial patellar portal, and 
the tip of the guide is positioned at the inferior 
lateral aspect of the PCL anatomic insertion site. 
Many PCL guides have a graded intra-articular 
arm which enables the surgeon to accurately 
determine the distance from the joint surface, 
which must be 15–20 mm from the articular sur-
face. The bullet portion of the guide is placed 
1–2 cm below the tibial tubercle (7 cm below the 
joint line), after having retracted the pes anseri-
nus tendons. The angle between this guide and 
the transverse plane of the tibial plateau must be 
55–60° (at least 45°, Fig.  27.6 ); a more proximal 
positioning of the guide (which decreases the 
aforementioned angle and produces a horizontal 
tunnel) may cause  diffi culties in introducing the 
graft and increase the risk of injury to the neuro-
vascular structures. Furthermore, a sharp angle 
between the intra-osseous and intra-articular 

  Fig. 27.6    Correct positioning of tibial guide and reamer in the trans-tibial technique       
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 portion of the graft may cause abrasion, attenua-
tion and eventually failure of the graft at this 
“killer turn” [ 10 ,  11 ,  92 ].

   Once the position of the bullet portion of the 
guide is decided, a blunt spade-tipped guide wire 
is drilled from anterior to posterior, and the 
appropriately sized standard cannulated reamer is 
used to create the tibial tunnel. 

 It is recommended, especially for less experi-
enced surgeons, to use an image intensifi er and 
maintain the instruments under constant visual 
control, to ensure the correct position of the guide 
wire and of the tunnel.  

   Tibial Inlay 
 All-arthroscopic tibial inlay technique combines 
the advantages of both the trans-tibial and open 
inlay techniques while obviating the disadvan-
tages of each technique. 

 The tibial socket is created prior to the femo-
ral tunnels at the PCL insertion site, using a 
guide pin and a retrograde drilling system 
(Fig.  27.7 ); the target for insertion of the guide 
pin is within the footprint and 7 mm distal to 
the proximal pole of the tibial footprint. Guide 
pin placement and reaming should be per-
formed with assistance of fl uoroscopy and 
under direct arthroscopic visualisation. Care 
must be taken to avoid plunging into the poste-
rior structures of the knee. A graft with a bone 
block is then inserted arthroscopically from the 
anteromedial portal (which may need to be 
extended 1–2 cm to ease the passage of the 
graft). Arthroscopic passage of the bone block 
and tibial socket docking can be technically 
challenging.

   After proof of the adequate press fi t, the graft 
is secured with suspensory fi xation [ 79 ,  135 ].   

27.5.2.3     Femoral Graft-Positioning 
Techniques 

   Single-Bundle 
 The synovial membrane at the PCL femoral 
insertion must be removed in order to properly 
view the femoral PCL footprint. During this 
manoeuvre, care must be taken in preserving the 
meniscofemoral ligaments of Humphrey and 
Wrisberg, which act as PCL agonists. 

 Nonanatomic “isometric” reconstruction 
(entry point approximately 11 mm from articular 
surface, more proximal than anatomical entry 

a

b

c

  Fig. 27.7    Arthroscopic tibial inlay, creation of the tibial 
socket: the tip of the guide is positioned at the PCL inser-
tion site ( a ); a retrograde drilling system is inserted ( b ) 
and activated ( c )       
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point) has been reported to result in initial joint 
overconstraint and increased laxity over time [ 40 , 
 44 ,  90 ,  91 ,  106 ,  108 ,  110 ,  128 ,  137 ]. Therefore, 
recent efforts have focused on an anatomic 
single- bundle reconstruction using arthroscopic 
and radiographic reference points [ 4 ,  61 ]. 

 The authors prefer an eccentric position of the 
femoral tunnel. The intercondylar roof and the 
articular cartilage profi le of the femoral condyle 
are used as anatomical landmarks, to place the 
entry point of the femoral tunnel at 11 o’clock 
position (right knee) and 8 mm distant from the 
articular cartilage. Eccentric placement of the 
tunnel allows reduction of tensile forces in hyper-
extension and similar force distribution to native 
PCL [ 47 ,  84 ,  90 ,  102 ]. 

 The “outside-in” technique is performed by 
creating an incision on the medial side of the knee 
with dissection through the vastus medialis 
oblique (VMO) muscle. A tunnel is then drilled 
from the medial cortex of the femur to the inter-
condylar notch using an arthroscopically placed 
PCL femoral footprint guide. The guide arm is 
introduced trough the anteromedial portal and the 
tip of the guide is positioned 8 mm from the ante-
rior medial femoral cartilage at 11 o’clock posi-
tion (right knee). A 2–3 cm bone margin is 
considered safe to avoid phenomena of bone 
necrosis of the medial femoral condyle (Fig.  27.8 ).

   The “inside-out” technique is performed by 
creating an accessory inferolateral portal. 
Through this portal, a guide pin is inserted into 
the femoral footprint and then over-reamed 
through the femoral cortex, with the knee fl exed 
to approximately 100° (90–120°). This position 
must not be changed during reaming. This tech-
nique causes less iatrogenic damage to the VMO 
and shows lower risk of subchondral bone frac-
tures in comparison to outside-in technique. 

 The “all-inside” technique is performed using 
a guide pin and a retrograde drilling system to 
create the femoral tunnel with minimal damage 
to the medial cortex. The choice of the guide wire 
position is similar to the outside-in technique. 
The retrograde blade is then activated, and a fem-
oral socket to a depth of 25 mm is drilled in a 
retrograde fashion (Fig.  27.9 ).

   In all three techniques, care must be taken in 
avoiding the “second killer turn” (otherwise 
called the “critical corner” [ 43 ]). Excessive entry 
angle of the femoral tunnel is believed to cause 
graft lengthening and eventually failure [ 8 ,  24 , 
 43 ,  69 ,  113 ].  

   Double-Bundle 
 Anterolateral and posteromedial bundles of the 
PCL act in codominant manner, a peculiar aspect 
which cannot be restored by a single-bundle PCL 
reconstruction [ 1 ,  65 ,  103 ,  137 ]. Anatomic 
double- bundle PCL reconstruction should there-

a

b

  Fig. 27.8    Creation of the femoral tunnel, outside-in 
 technique: the tip of the guide is positioned in the inter-
condylar notch at the PCL insertion site ( a ); a guide pin is 
placed and afterwards an appropriately sized cannulated 
reamer is used to create the tunnel ( b )       
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fore restore native kinematics more closely than 
single-bundle technique. 

 Both tunnels can be performed either with out-
side-in, inside-out and all-inside techniques, 
depending on surgeon’s preference and experi-
ence. A larger tunnel is created for the anterolat-
eral and a smaller one for the posteromedial bundle 
[ 45 ,  95 ,  124 ,  137 ]. The footprint of the PCL is 
exposed fi rst, and some of the fi bres are preserved 
to aid placement of the femoral socket. The femo-
ral entry point of the posteromedial bundle must 
be performed at 9 o’clock position and 8 mm from 
the articular cartilage, and the femoral hole of the 
anterolateral bundle must be performed at 10:30 
position and 13 mm from the articular cartilage 

(right knee). To avoid tunnel collapse, at least 
5 mm of the bone between the two PCL femoral 
tunnels must be preserved (Fig.  27.10 ) [ 79 ].

27.5.2.4         Graft Fixation Techniques 
 The purpose of graft fi xation is to provide a 
mechanical link between the graft and the bone 
during the early post-operative period, until bio-
logical incorporation of the graft is complete. A 
wide variety of techniques for graft fi xation in 
PCL reconstruction can be used [ 51 ]. 

 For the femoral tunnel, interference screw 
within the bone tunnel (metal or bioabsorbable) 
and suspensory fi xation on the cortex of the fem-
oral condyle can be used (Fig.  27.11 ).

a

c

b

d

  Fig. 27.9    Creation of the femoral tunnel, all-inside technique: the tip of the guide is positioned at the PCL insertion 
site ( a ); a retrograde drilling system is inserted ( b ) and activated ( c ); a half-tunnel of appropriate size is created ( d )       
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   Tibial graft fi xation can be achieved by metal or 
bioabsorbable interference screw, suspensory fi xa-
tion, bicortical screw and fl at washer (Fig.  27.12 ).

27.5.2.5        Post-operative Care 
 Rehabilitation plays a fundamental role in 
 determining patient outcomes [ 25 ,  72 ,  138 ]. 
Osteointegration and revascularisation of the graft, 
control of the residual posterior laxity, preserva-
tion of correct knee biomechanics, development of 
optimal response to functional loads, protection of 
the graft, control of patellofemoral problems and 
avoidance of defi cit in fl exion are some of the key 
points rehabilitation should address. 

 Since PCL graft healing times have been 
reported to be almost double the time of anterior 
cruciate ligament (ACL) graft healing, it has been 
suggested that PCL reconstruction patients 
should be kept nonweightbearing for 6 weeks [ 9 , 
 25 ,  44 ,  72 ]. The authors suggest a brace with pos-
terior support and a pillow during the night. 

 A progressive, goal-oriented, fi ve-phase reha-
bilitation program after PCL reconstruction has 
been proposed to improve stabilisation of poste-
rior tibial translation, varus and external rotation 
stresses [ 101 ,  109 ]. 

 The authors suggest nonweightbearing for the 
fi rst week, partial weightbearing for the second 
and full weightbearing for the third week. 
Progressive ROM exercises are encouraged to 
gain full ROM within 4–6 weeks. Proprioception 
exercises begin at the sixth week, and return to 
sport is allowed, after dedicated training, from 
the ninth month. 

 If combined PCL and posterolateral recon-
struction was performed, the brace is kept for 
3 months (6 weeks full time), and progressive 
ROM exercises should proceed slower.    

27.6     Complications 

 Neurovascular injuries can be a direct complica-
tion of the initial injury: vascular injury incidence 
ranges from 16 to 64 %; severity can vary from an 
intimal tear to a complete transection, requiring 
vascular surgery intervention. Common peroneal 
nerve injury incidence ranges from 10 to 40 %; 
severity can vary from neuropraxia to complete 
transection [ 42 ,  85 ,  107 ,  112 ]. 

 Neurovascular injury is a rare but devastating 
intraoperative complication: injury may occur if 

  Fig. 27.10    At least 5 mm of bone between the two PCL 
femoral tunnels must be preserved to avoid tunnel collapse       

Femoral fixation
interference screw
inside out

Femoral fixation
interference screw
outside in

Femoral fixation
endobutton

Femoral fixation
staple

  Fig. 27.11    Different options for femoral graft fi xation 
(Reprinted from, Copyright © 2003 Springer, Höher et al. 
[ 51 ], with permission of Springer)       
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the tibial guide pin or reamer overpenetrate the 
posterior tibial cortex [ 19 ,  96 ,  143 ]. The popliteal 
artery and tibial nerve lie posterior to the poste-
rior horn of the lateral meniscus, separated from 
the knee joint by only the capsule. The popliteal 
artery passes approximately 7–8 mm posterior to 
the tibial insertion of the PCL [ 21 ,  93 ,  143 ]. To 
increase this distance and therefore lower the risk 
of injury, knee fl exion to 100° and posterior 
 capsular release of the proximal posterior tibia 
are recommended (Fig.  27.13 ) [ 2 ,  93 ]. Careful 
fl uoroscopic control is recommended to monitor 
the position of the guide wire and reamer.

   Other rare, specifi c intraoperative complica-
tions include posterior medial or lateral meniscal 
root avulsions [ 64 ], osteonecrosis of the medial 
femoral condyle [ 8 ] and tibial fractures [ 143 ]. 

 The most commonly reported complica-
tions after PCL reconstructions are residual 
posterior laxity (usually defined as more than 
4 mm of increased posterior translation on 
PCL stress radiographs) and flexion loss due 
to prolonged immobilisation of the knee in 
extension [ 124 ,  145 ]. 

 The rate of ROM defi cits ranges from 7 to 
30 % [ 14 ,  57 ,  60 ,  122 ,  140 ,  144 ,  146 ]. Knee ROM 

Short screw
fixation

Long screw
fixation

Screw/washer

Screw +
staple

Tibial inlay
technique

Screw fixation
+ suture fixation

Short screw
fixation

Interference screw

Interference screw
+ suture over
bone bridge

  Fig. 27.12    Different 
options for tibial graft 
fi xation (Reprinted 
from, Copyright © 
2003 Springer, Höher 
et al. [ 51 ], with 
permission of Springer       
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loss has been found to be related to the presence 
of osteoarthritis after ACL reconstruction [ 119 , 
 121 ], and we would expect that ROM defi cits 
after PCL reconstruction would also be related to 
development of osteoarthritis. 

 Other post-operative complications of PCL 
surgery are anterior knee pain, painful hard-
ware, heterotopic ossifi cation and infection 
[ 85 ,  143 ]. 

27.6.1     Literature Results 

27.6.1.1     Nonoperative Treatment 
 PCL may heal in an attenuated fashion after con-
servative treatment; however, in spite of good 
subjective functional scores and a healed appear-
ance of the PCL on magnetic resonance imaging, 
decreased objective outcomes have been reported 
at short-term follow- up [ 37 ,  125 ]. 

a

c

b

d

c

  Fig. 27.13    Proximity of the posterior cruciate ligament 
insertion to the popliteal artery. Axial image showing dis-
tance relationships between the posterior edge of the tibial 
insertion of the PCL and the anterior margin of the popli-
teal artery ( a ). Knee in extension: the space between the 

black arrowheads represents the sagittal distance ( b ); knee 
fl exed to 90° ( c ) and 100° ( d ): the line represents the path 
of a trans-tibial guide pin placed during PCL reconstruc-
tion (Reprinted from, Copyright © 2005 Elsevier Inc, 
Matthew et al. [ 93 ], with permission from Elsevier)       
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 Incidence of osteoarthritis at long-term follow-
 up ranges from 17 to 53 % after nonoperative 
treatment, as compared with a range of 36–59 % 
with PCL reconstruction [ 12 ,  104 ,  105 ,  118 ,  119 ].  

27.6.1.2     Operative Treatment 
 Signifi cantly higher post-operative functional 
scores as compared with the preoperative ones 
and good rate of normal or nearly normal subjec-
tive function can be achieved by arthroscopic 
single-bundle trans-tibial PCL reconstruction. 
However, normal knee stability does not appear 
fully restored in most of the studies reporting this 
outcome [ 31 ,  32 ,  50 ,  66 ,  70 ,  75 ]. 

 Signifi cantly improved post-operative subjec-
tive scores and signifi cant decrease in post- 
operative side-to-side posterior tibial translation 
have also been reported after isolated or com-
bined trans-tibial double-bundle PCL reconstruc-
tion with follow-ups ranging from 25 to 
45 months [ 66 ,  124 ,  141 ,  142 ]. 

 Although early retrospective studies could not 
indicate differences [ 66 ,  71 ,  132 ], in more recent 
prospective studies, post-operative side-to-side 
posterior translation and objective International 
Knee Documentation Committee (IKDC) scores 
were signifi cantly improved for trans-tibial double- 
bundle compared with single-bundle PCL recon-
structions, suggesting that double-bundle PCL 
reconstruction may be able to more closely and 
objectively restore the knee to native levels than 
trans-tibial single-bundle reconstructions [ 80 ,  141 ]. 

 Arthroscopic tibial inlay has showed promis-
ing results both in comparison to historical con-
trols and to trans-tibial repairs [ 67 ,  68 ,  88 ,  134 ].       
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