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Preface

This book presents a compilation of topics related to primary total knee arthroplasty. The
chapters cover, in a clear and didactic way, the current themes, written by experts from the
area, from different parts of the world. Topics related to the three surgical phases (before
surgery, during surgery, and after surgery) are discussed here. This is very important be‐
cause the surgeon is not a “factory worker.” First of all, it is a medicine doctor who has to
feel and understand the particularities of each patient.

Demographic studies show an aging population. Osteoarthritis and inflammatory diseases
are becoming much more prevalent. In addition, a worldwide epidemic of trauma has led to
the need for arthroplasties much more frequently. Therefore, total knee arthroplasty will be
an increasingly important subject.
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this book who fought hard for it to be completed successfully.
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Abstract

Preoperative planning is routinely recommended prior to total knee arthroplasty (TKA). 
We introduce a methodology for planning TKA based on mechanical alignment. A meth-
odology for planning total knee arthroplasty was discussed among experienced knee 
surgeons. A rational methodology for planning TKA was stablished and it was setted 
to an application for mobile devices. It has proved to be useful and revealed accuracy 
compared to the manual form of preoperative planning. It was able to reduce planning 
time by more than a half and it was still reliable in measuring the anatomical-mechan-
ical femoral angle (MAFÂ). This chapter introduces a TKA planning method based on 
mechanical alignment and GAP balancing principles. Kinematic alignment and strate-
gies for soft-tissue balancing in special situations are cited as well.

Keywords: knee surgery, arthroplasty, knee injuries surgery, mobile applications 
operative time

1. History and introduction

The very first concept of improving knee function was introduced by Verneuil in 1860. He pro-
posed an interposition of soft tissues in order to reconstruct articular surface. Unfortunately, 
it has led to disappointing results. In the same year, Ferguson resected the entire surface of the 
knee, which culminated with a better range of motion but lacked stability. In 1958, MacIntosh 
described a hemiarthroplasty using an acrylic tibial plateau later upgraded by McKeever for 
a prosthesis made of metal, showing better results.

Guston developed a polycentric prosthesis wich arculates metal to a polyethylene base fixed to
the bone by acrylic cement, but the actual concepts used in total knee arthroplasty (TKA) have
been established by Freeman in 1973: minimal bone resection; minimal chance of loosening;

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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minimal debris production; not leaving dead spaces; avoiding long intramedullary stem and 
intramedullary cement; a standard insertion procedure; minimal range of motion (5–90°); resist-
ing rotation; and resisting excessive movements in any direction.

During the early 1970s, a range of prostheses such as unicondylar, bicondylar, and hinged 
were used with respect to the patient’s preoperative condition and deformity. Since then, a 
lot of different kinds of implants have been developed following the tendency of maximizing 
flexion, minimizing wear, and better accommodation of gender and racial anatomic varia-
tion. Nowadays, a resurrection of old strategies such as uncemented fixation and partial knee 
replacement has been noted and minimally invasive approaches are growing respecting the 
patient’s desire of shortening postoperative recovery [1, 2].

This chapter introduces a TKA preoperative planning method based on mechanical alignment 
and the modified GAP balancing principles. Kinematic alignment (KA) principle, anterolat-
eral approach, and strategies for soft tissue balancing in special situations are cited as well.

2. Biomechanics and templating

The most important surgical technique that affects patient satisfaction and functional out-
comes is the correct positioning and alignment of the components. Despite the introduction of 
computer assisted surgery, patient-specific designs, and kinematic knee alignment, the con-
cept of optimal restoration of alignment still has added controversy on the best approach of 
planning TKA [3–5].

Most surgeons still agree, and it is traditionally accepted that the alignment of the lower limb 
should be within 0° ± 3° of the mechanical axis after surgery (measured by the angle formed 
by the center of the femoral head, the center of the knee, and the center of ankle) [6] (Figure 1). 
By positioning the femoral and tibial components perpendicular to its mechanical axis, there 
is a balanced distribution of mediolateral forces, not overloading the bone implant interface 
as well as the bone itself which could lead to loosening of the implant. Furthermore, malalign-
ment causes increased polyethylene wear, leading to osteolysis.

In order to plan a TKA, a preoperative image exam that evidences all reference points is nec-
essary to estimate the anatomical and mechanical axis of the femur and tibia. Since short-leg 
X-rays do not expose the whole lower limb references, they are not suitable for planning TKA 
when it is used alone. Long-leg radiograph (LLR) is traditionally used to estimate alignment 
of the lower limb. It is acquired on weight-bearing films, including the hip, knee, and ankle, 
with the patella facing forwards. The X-ray beam should be parallel to the articular surface 
[7]. Although the LLR acquisition is quite standardized, has long track records and it is fairly 
available, there are concerns about its use, since flexion contractures and rotational malposi-
tion could distort the interpretation of the native anatomy [8].

Besides the fact that LLR is quite standardized, has a long track record, and is fairly available, 
there have been reported concerns about the accuracy when there are flexion contractures and 
when the position of image acquisition is not neutral, since rotation of the limb could distort 
the interpretation of native anatomy.

Primary Total Knee Arthroplasty2

2.1. Manual templating

For this instance, we propose a step-by-step methodology for planning TKA based on mechan-
ical alignment, using LLR. We suggest the use of a parchment paper as it avoids scratching 
the LLR. First, the mechanical axis of the femur (MAF) is defined by connecting a line from the 
center of the femoral head to the femoral intercondylar notch. Then, the anatomical axis of the 
femur (AAF) is estimated by connecting a line from the center of the intramedullary femoral 
canal to the femoral intercondylar notch. The angle formed by the mechanical and anatomical 
axis of the femur (MAFÂ) is measured, using a protractor. This part of planning has particular 
importance for those who intend to use intramedullary distal femoral cut guides. Since the 
femoral stem follows the path of the AAF, the surgeon would know how to accomplish a 

Figure 1. Alignment angle. Measured by the center of the femoral head to center of the knee and center of the ankle. It 
should be within 0° ± 3°.
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perpendicular cut to the MAF, by positioning the distal femoral cut guide in a valgus angle to 
the AAF, referenced by MAFÂ.

After knowing the inclination of the distal femoral cut, the surgeon should evaluate the level 
of bone resection, anticipating the amount of bone resection. Usually, in a primary TKA, the 
level of bone resection corresponds to the femoral component thickness (e.g., 9 mm). This step 
simulates the surgical moment when the surgeon places the distal femoral cut guide onto the 
distal femoral bone. Using a protractor, the surgeon draws a line perpendicular to the MAF 
above the first point of the distal femoral bone contact (e.g., 9 mm), from distal to proximal. 
By doing it, the surgeon could simulate the level and inclination of the distal femoral cut. 
One should notice that the LLR film does not correspond to real size, being reduced to fit on 
the film frame. Typically, the amount of reduction in size is reported on the printed film and 
should be used to make a conversion between film size and actual size.

The same rationality is applied to the tibial bone. The mechanical and anatomical axes are 
coincident on the tibia, so the mechanical axis of the tibia (MAT) can be defined as a line 
drawn from the center of the tibial spines to the center of the talus. Mechanical and anatomical 
axes are usually coincident on the tibia. The mechanical axis of the tibia (MAT) can be defined 
as a line drawn from the center of the tibial spines to the center of the talus. After defining 
MAT, tibial cut is planned perpendicular to the MAT. Usually, surgeons plan to cut 8–10 mm 
below the unworn side of the tibial plateau, but it can be adjusted to best fit the components 
and balance the knee. So, the surgeon places a line from proximal to distal, at the level desired 
below the unworn side of the plateau. Still, conversion between LLR size and real size should 
be adjusted using a mathematical calculation. The whole process of manual templating tech-
nique is illustrated in Figure 2.

The more parallel the bone cut planes, the less ligament release is necessary. The less parallel 
the bone cut planes, the more ligament release is necessary. One must note that there is a limit 
for releasing ligaments. When a great amount of releasing is necessary, the surgeon should 
consider a more constrained implant, since it could get into a situation called “over resection 
looseness,” when the ligament function capacity is exceeded.

The size of the components can be also estimated during the planning of a TKA. To do it so, 
the surgeon must have the specific prosthesis templates and should order a short-leg X-ray in 
an actual size (1:1).

2.2. Digital planning using ATJ® mobile phone application

Despite the fact that manual planning is an affordable method, it lacks portability. The sur-
geon must have manual tools such as a pencil; an eraser; a protractor; and rulers, big enough 
to measure the whole LLR film. Besides, the surgeon needs to make mathematical conversions 
and must comprehend a rational methodology of planning on TKA.

Considering the current computational resources used as tools to support medical practices, 
the paradigm known as mHealth, which consists of the use of mobile computing resources in 
health, stands out. When applied to favor teaching and learning processes, mobile technolo-
gies provide numerous benefits, such as increased resources for student learning, access to 
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textbooks anywhere, anytime, and the provision of resources for the development of innova-
tive teaching methods [9]. By facilitating real-world integration, mobile learning aided by 
mobile computing (Mobile Learning or m-learning) has created opportunities for develop-
ment of new teaching strategies in different areas [10].

An interdisciplinary team, involving health and computer science areas, developed an application 
(ATJ®) that is capable of conducting the surgeon though a step-by-step process (same described 

Figure 2. Manual templating. First, the anatomical and mechanical axis of the femur and tibia are defined. MAFÂ is 
measured by using a protractor. A perpendicular cut is measured from MAF and MAT. To correctly place the bone cut 
lines, the surgeon must mathematically convert printed LLR film size to real size. To do it, the surgeon needs manual 
tools such as pencil, eraser, rulers, protector, and goniometer.
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textbooks anywhere, anytime, and the provision of resources for the development of innova-
tive teaching methods [9]. By facilitating real-world integration, mobile learning aided by 
mobile computing (Mobile Learning or m-learning) has created opportunities for develop-
ment of new teaching strategies in different areas [10].

An interdisciplinary team, involving health and computer science areas, developed an application 
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Figure 2. Manual templating. First, the anatomical and mechanical axis of the femur and tibia are defined. MAFÂ is 
measured by using a protractor. A perpendicular cut is measured from MAF and MAT. To correctly place the bone cut 
lines, the surgeon must mathematically convert printed LLR film size to real size. To do it, the surgeon needs manual 
tools such as pencil, eraser, rulers, protector, and goniometer.
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Figure 3. Fields of the medical register. They are available offline and online, in a cloud host.
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for manual planning) adapted for digital planning. Besides, explanations about rationality of 
the methodology and surgical tips on each step of planning were incorporated to the application. 
It is able to recognize the type of deformity (valgus or varus) and automatically measure MAFÂ. 
It also suggests soft tissue releases, according to the deformity [11].

Figure 4. After choosing between the left or right knee, the surgeon must inform the application in which size scale is 
adopted on LLR. By doing so, the surgeon does not need to make mathematical calculations, since the application is able 
to convert LLR size to real size.
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Figure 5. The LLR should be uploaded from the device’s camera roll or the device’s camera can be used to acquire the 
LLR image (Figure Planning).

Before getting into planning, the surgeon is presented with a video that briefly describes the 
method used in the application. Fields of registration such as name, email, telephone, age, 
gender, medical record number, and date are available. The data are stored on the device and 
in a cloud host. Anytime, wherever the surgeon is, it is possible to access it from any computer 
if desired (Figure 3).

Planning starts by choosing the intended knee to be operated (left or right). After choosing the 
side, the application inquiries on size scale used on LLR, which is usually informed on LLR 
margins. This is an important step since the application needs to know the relation between the 
LLR film size and real size, avoiding the surgeon making mathematical conversions (Figure 4).

The LLR can be acquired by two modes: uploading an image from device’s camera roll or 
using the device’s camera to photograph the LLR on a negatoscope (Figure 5). The  application 
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then takes the surgeon through the whole process of planning by inquiring the surgeon to 
point references (center of the femoral head, center of the medullary femoral canal, center 
of the intercondylar notch, center of the tibial spines, and center of the talus). After setting 
points, the application automatically defines AAF, MAF, MAFÂ, and MAT. It also positions a 

Figure 6. Step-by-step planning process. After defining AAF, MAF, MAFÂ, and MAT, the surgeon should simulate 
the level and inclination of distal femoral and proximal tibial bone cuts. Application ATJ® is capable of automatically 
recognizing the knee-type deformity. It also suggests a sequence for ligament releasing.
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moveable bone cutting line, perpendicular to MAF and MAT. At the end of the methodology 
process, it automatically shows the type of deformity, the MAFÂ, and soft tissue releasing 
sequence (Figure 6). Then, scientific references used to build the application are presented.

The application ATJ® has proved to be useful in the context of planning TKA. It has revealed 
accuracy when measuring the MAFÂ when compared to the manual form of planning. It was 
also capable of reducing the planning time by more than a half [11, 12].

3. Surgery

3.1. Surgical approaches

A straight anterior skin incision allows exposure for medial and lateral structures and it’s 
the standard skin incision for TKA. Arthrotomy may be done from the medial or lateral side. 
Anteromedial arthrotomy is the most used approach on TKA and provides excellent expo-
sure of the knee joint (Figure 7). After eversion or patella lateral subluxation, the knee is 
flexed. One must be aware of avulsing off the patellar tendon from the tibial tubercle, if there 
is too much tension.

Because the most important component of blood supply runs medially, anteromedial 
approach could affect patellar circulation, and some authors have advocated subvastus and 
midvastus approaches (Figure 8). They are less invasive and can be used specially in moder-
ate knee deformity.

For fixed valgus deformities, the lateral parapatellar approach may be considered. A mild 
lateral skin incision is made and extended over the lateral border of the tibial tubercle. In the 
original description, a thin segment of the tubercle is osteotomized with the attached patellar 
tendon. A medial periosteal hinge is maintained along with the infrapatellar fat pad, which 
is used for later closer of the lateral retinacula. Some surgeons suggest not to osteotomize the 
tibial tubercle, turning it into a less invasive approach.

Extended approaches have been described and are very useful in stiff knees and great defor-
mities. Coonse and Adams described a quadriceps turndown. The quadriceps are split down 
the middle, in an inverted “V” fashion, at about 1 cm above the patella, so the patella could be 
turned down, allowing the exposure of the joint. Quadriceps snip was described by Insall by 
an oblique incision at the proximal apex of the quadriceps tendon, at about a 45° angle, directly 
in line with the fibers of the vastus lateralis. It relaxes the extensor mechanism and protects 
the tibial tubercle. Tibial tubercle osteotomy enhances exposure and it could be very useful 
in stiff knees. Tibial crest should be osteotomized 8–10 cm below the tibial tubercle, using the 
oscillating saw and osteotomes. The shape of osteotomy is trapezoidal, 5-m long, 2-cm wide, 
and 1.5-cm wide distally. The entire extensor mechanism is then elevated proximally.

Limited approaches are described and could be useful, especially when planning  
unicompartmental arthroplasties. Limited approaches are part of a traditional extensile 
approach, and the surgeon tends to use it as he becomes familiar with the surgical technique.
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3.2. Surgical theories

3.2.1. Anatomical, mechanical alignment, and gap balance technique

Since the beginning of the implants and instruments, two concepts that guide surgical tech-
niques were established: gap balance and measured resection technique. Universally spread, 
gap balance surged for cruciate substituting prostheses. Measured resection technique was 
favored for those who defended cruciate retention implants.

For gap balance technique, either the femur or tibia may be osteotomized first. The main 
goal is to equalize flexion and extension gaps, most of the time transforming a trapezoidal 
gap into a rectangular gap (Figure 9). For those who favor to start cutting proximal tibial (at 
about 8–10 mm below the less worn tibial plateau surface), it should be perpendicular to the 
MAT, and when posterior cruciate ligament (PCL) is sacrificed, the flexion gap opens up a few 
millimeters more. That situation can implicate in a slightly upper distal femur cut, which can 
elevate the joint line and bring the patella in a lower position. Distal femoral cut is often par-
allel to the tibial cut, following the transepicondylar axis. Rotational alignment of the femur 
is tuned by ligament release or femoral rotation. In a varus knee, when the surgeon opts for 

Figure 7. Anteromedial approach to the knee. After a medial skin incision, a medial parapatellar arthrotomy is made. It 
is suitable for most TKA and allows great exposure of the knee joint.

Figure 8. Subvastus approach does not sacrifice the extensor mechanism (blue line) and it is useful specially for minimal 
invasive approaches. In midvastus approach (red line), the oblique medial vastus is split sharply in line with its fibers, 
at the level of the superior pole of the patella.

Planning Primary Total Knee Arthroplasties
http://dx.doi.org/10.5772/intechopen.72775

11



moveable bone cutting line, perpendicular to MAF and MAT. At the end of the methodology 
process, it automatically shows the type of deformity, the MAFÂ, and soft tissue releasing 
sequence (Figure 6). Then, scientific references used to build the application are presented.

The application ATJ® has proved to be useful in the context of planning TKA. It has revealed 
accuracy when measuring the MAFÂ when compared to the manual form of planning. It was 
also capable of reducing the planning time by more than a half [11, 12].

3. Surgery

3.1. Surgical approaches

A straight anterior skin incision allows exposure for medial and lateral structures and it’s 
the standard skin incision for TKA. Arthrotomy may be done from the medial or lateral side. 
Anteromedial arthrotomy is the most used approach on TKA and provides excellent expo-
sure of the knee joint (Figure 7). After eversion or patella lateral subluxation, the knee is 
flexed. One must be aware of avulsing off the patellar tendon from the tibial tubercle, if there 
is too much tension.

Because the most important component of blood supply runs medially, anteromedial 
approach could affect patellar circulation, and some authors have advocated subvastus and 
midvastus approaches (Figure 8). They are less invasive and can be used specially in moder-
ate knee deformity.

For fixed valgus deformities, the lateral parapatellar approach may be considered. A mild 
lateral skin incision is made and extended over the lateral border of the tibial tubercle. In the 
original description, a thin segment of the tubercle is osteotomized with the attached patellar 
tendon. A medial periosteal hinge is maintained along with the infrapatellar fat pad, which 
is used for later closer of the lateral retinacula. Some surgeons suggest not to osteotomize the 
tibial tubercle, turning it into a less invasive approach.

Extended approaches have been described and are very useful in stiff knees and great defor-
mities. Coonse and Adams described a quadriceps turndown. The quadriceps are split down 
the middle, in an inverted “V” fashion, at about 1 cm above the patella, so the patella could be 
turned down, allowing the exposure of the joint. Quadriceps snip was described by Insall by 
an oblique incision at the proximal apex of the quadriceps tendon, at about a 45° angle, directly 
in line with the fibers of the vastus lateralis. It relaxes the extensor mechanism and protects 
the tibial tubercle. Tibial tubercle osteotomy enhances exposure and it could be very useful 
in stiff knees. Tibial crest should be osteotomized 8–10 cm below the tibial tubercle, using the 
oscillating saw and osteotomes. The shape of osteotomy is trapezoidal, 5-m long, 2-cm wide, 
and 1.5-cm wide distally. The entire extensor mechanism is then elevated proximally.

Limited approaches are described and could be useful, especially when planning  
unicompartmental arthroplasties. Limited approaches are part of a traditional extensile 
approach, and the surgeon tends to use it as he becomes familiar with the surgical technique.

Primary Total Knee Arthroplasty10

3.2. Surgical theories

3.2.1. Anatomical, mechanical alignment, and gap balance technique

Since the beginning of the implants and instruments, two concepts that guide surgical tech-
niques were established: gap balance and measured resection technique. Universally spread, 
gap balance surged for cruciate substituting prostheses. Measured resection technique was 
favored for those who defended cruciate retention implants.

For gap balance technique, either the femur or tibia may be osteotomized first. The main 
goal is to equalize flexion and extension gaps, most of the time transforming a trapezoidal 
gap into a rectangular gap (Figure 9). For those who favor to start cutting proximal tibial (at 
about 8–10 mm below the less worn tibial plateau surface), it should be perpendicular to the 
MAT, and when posterior cruciate ligament (PCL) is sacrificed, the flexion gap opens up a few 
millimeters more. That situation can implicate in a slightly upper distal femur cut, which can 
elevate the joint line and bring the patella in a lower position. Distal femoral cut is often par-
allel to the tibial cut, following the transepicondylar axis. Rotational alignment of the femur 
is tuned by ligament release or femoral rotation. In a varus knee, when the surgeon opts for 

Figure 7. Anteromedial approach to the knee. After a medial skin incision, a medial parapatellar arthrotomy is made. It 
is suitable for most TKA and allows great exposure of the knee joint.

Figure 8. Subvastus approach does not sacrifice the extensor mechanism (blue line) and it is useful specially for minimal 
invasive approaches. In midvastus approach (red line), the oblique medial vastus is split sharply in line with its fibers, 
at the level of the superior pole of the patella.

Planning Primary Total Knee Arthroplasties
http://dx.doi.org/10.5772/intechopen.72775

11



not releasing medial ligaments he usually needs to add external rotation to the femoral cuts. 
Some references help to establish the appropriate rotation: transepicondylar axis, posterior 
femoral condyles, Whitside’s line (trochlear groove axis), tibial shaft axis, and ligament ten-
sion. In some situations, even a small degree of internal rotation could be applied. Before 
implant is settled, the gap must be rectangular and symmetrical (Figure 10).

The measured resection technique aims not to move the joint line position. That situation, 
in theory, preserves knee’s anatomy, sparing the PCL, when possible. Some advocate that 
preserving the PCL has advantages as it is an important varus/valgus stabilizer of the knee; it 
can absorb stress; and it can control the movement of rolling back of the femur onto the tibia 

Figure 10. Rectangular gap. Before the implant is set, there must be a rectangular gap.

Figure 9. Before ligament releasing, there is usually a trapezoidal gap.
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during flexion. When the ligament is left too tight it could increase posterior stress, causing 
a movement described by Insall as “open like a book” and “lift-off” of the tibial tray. When 
the PCL is insufficient, it could cause a paradoxal movement of rolling forward in flexion, 
limiting flexion by posterior impingement. The tibial cut is made preserving its mild varus 
and femur cut is made preserving its natural valgus. Equalization of the gaps is not strictly 
necessary.

During the evolution of the implants some concepts were mixed and the surgeon conquered 
freedom to make bone cuts a little bit off the outliers. Even for situations when the PCL is 
preserved, conformed tibial surfaces could be used. Sometimes, the surgeon can choose not to 
cut the bone perpendicular to the mechanical axis, sparing extensive ligament releases.

3.2.2. Kinematic alignment

The refinement of surgical techniques, implant designs and an individualized tendency of 
surgical treatment have contributed to resurrection of the discussion about restoration of the 
native’s knee anatomy and preservation of the articular line.

Some authors have noticed that neutral mechanical alignment does not restore biomechanics 
in a significant part of the population [13–15].

Kinematic Alignment (KA) aims to restore constitutional alignment, ligament tension, and 
the joint’s line level and orientation [16, 17]. Hungerford, Kenna, and Krakow defended a 
slight varus alignment for the tibia in relation to the MAT. They are considered precursors 
on KA [18].

According to Howell et al., there are three kinematic knee axis: the primary femoral axis, wich 
is a transverse axis of femur around which the tibia flexes and extends; the secondary femoral 
axis, wiich is a traverse axis in the femur around which the patella flexes and extends; and the 
longitudinal tibial axis, around which the tibia internally or externally rotates on the femur [19] 
(Figure 11). Each axis is parallel or perpendicular to the natural joint line between the femur 
and tibia throughout the motion arc.

The preoperative plan of a kinematic TKA can be done by using MRI exams in order to esti-
mate chondral and bone erosion [20–22]. These parameters are used to compensate implant’s 
position that should be parallel to the primary and secondary kinematic femoral axis. A 
patient-specific implant or a conventional implant can be used.

The KA principle is a promising alternative for the execution of TKA. In the centers where it 
was adopted, the results in the short and medium term were favorable [22], with the prem-
ise of restoration of the biomechanics of the knee, which may point to a new paradigm. 
Nevertheless, studies on durability and long-term function are needed before universal adop-
tion of this new methodology.

Its applicability in patients with a higher degree of bone erosion should also be evaluated cau-
tiously because of the increased risk of malalignment, which may be caused by the difficulty 
in identifying the references that guide the positioning of the bone cutting guides.
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4. Management of deformities

4.1. Varus deformity

During the arthritic course, there are expected modifications in native alignment and liga-
ment function. Loss of cartilage can create an asymmetrical compartment balance, leading 
to contracture of soft tissues on the concave side and contralateral loosening on the convex 
side. As the deformity progresses, these modifications tend to establish into fixed deformi-
ties. In varus knees, contraction of medial side involves medial collateral ligament and the 
whole medial periosteal sleeve, including hamstrings, posteromedial capsule, and PCL. As 
the deformity progresses, the lateral compartment becomes insufficient, causing abnormal 
lateral opening and instability.

Instability of the arthritic knee may be viewed as symmetrical or asymmetrical. Symmetrical 
instability is seen during early arthritis, when there is erosion of cartilage or bone without 
associated adaptive soft tissue changes. During physical examination, the deformity can be 
corrected under active reciprocal stress on physical examination. This kind of instability is 
easily corrected during surgery without needing extensive ligament releasing.

As the deformity progresses it tends to turn into an asymmetrical instability, which is not 
corrected by active reciprocal stress during physical examination. This kind of fixed defor-
mity occurs when cartilage and bone loss lead to adaptive ligamentous changes. In order to 
correct this kind of deformity, ligamentous release is mandatory, turning a trapezoidal gap 
into a rectangular gap. In asymmetrical instabilities, the bone cuts alone are not sufficient to 
accomplish articular balance.

Instead of only releasing ligaments from the contracted concave side someone could advocate 
to advance ligament complexes on the convex side, especially when the opposing ligaments are 
stretched to the point of being incompetent. These authors do not favor ligament advances or 
reconstructions on the convex side since the functional outcomes have not been acceptable in most 
series. In such cases, the authors advise considering a more constrained knee design (Figure 12).

Figure 11. Kinematics axis of the knee (from Howell’s studies with authorization).
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4.2. Valgus deformity

In the valgus knee, the lateral structures contract, while the medial soft tissues stretch. 
Differing from varus knees, where the bone erosion occurs more in the tibial bone, in valgus 
knees most of the bone deformity comes from the femoral side (Figure 13). As the deformity 
progresses it tends to involve the tibial bone and cartilage as well.

Lateral soft tissue structures, including the lateral collateral ligament (LCL), iliotibial band 
(ITB), and the lateral capsule, contract, while the medial soft tissues stretch. When this 

Figure 12. In advanced deformities, when there is great medial bone loss, the surgeon must consider using metal 
augmentation and more constrained implants.

Figure 13. Most part of the bone wear occurs on lateral femoral condyle, although it could involve tibial bone as well.
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imbalance becomes permanent it may result in medial thrust during gait. In both varus and 
valgus deformities, it could be associated with flexion contractures (Figure 14).

Krackow has classified valgus deformities into three stages: type I involves lateral femoral 
bone loss, lateral soft tissue contracture, and intact medial soft tissues; type II adds medial 
lengthened soft tissues; and type III represents alteration of the proximal tibial joint line, that 
usually happens as a result of a high tibial osteotomy. As the ITB gets contracted, external 
rotation is often observed.

Insall and colleagues traditionally recommended releasing lateral capsule, LCL, arcuate liga-
ment, popliteus tendon, lateral femoral periosteum, distal ITB, and the adjacent lateral inter-
muscular septum from their bone attachments. Some degree of lateral laxity after an extensive 
lateral release was typically well tolerated. Although extensive release generally corrects the 
deformity, posterolateral flexion instability may still occur postoperatively. These authors 
do not favor extensive releasing from bone attachments. Instead, the authors recommend 
progressively intra-articular liberations ahead of the popliteus tendon, using the pie-crusting 
technique.

4.3. Flexion contracture

As the degenerative disease progresses, it involves posterior capsule, PCL, and musculoten-
dinous at the posterior aspect of the knee. Bone erosion of posterior femoral condyles and 
osteophytes may contribute to flexion contracture on arthritis. Despite the fact that some 
authors understand that postoperative residual flexion contractures are well tolerated, these 
authors do not favor residual flexion contractures, since residual deformities tend to worsen 
with time.

Figure 14. Valgus deformity. Contraction of the lateral compartment causes bone erosion and an imbalance of natural 
kinematics.
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After bone cuts, posterior capsule can be released. For those who agree with principles of KA, 
the preservation of PCL is desirable. That could hamper flexion contracture correction but 
changing the slope orientation could in part correct that kind of deformity.

Small contractures can be reduced by removal of posterior osteophytes, but posterior capsu-
lotomy is necessary for moderate and severe flexion contractures. These authors advise the 
resection of PCL when the mechanical alignment theory is chosen.

4.4. Extension contracture

Stiff knees are a challenging situation even for the most experienced knee surgeons. Typically, 
the techniques described for difficult exposures are necessary. Sometimes, everting the patella 
is not possible, leading the surgeon only to subluxate it laterally. The soft tissue releases 
applied for varus and valgus techniques are used and extensive soft tissue release is usually 
necessary.

4.5. Genu recurvatum

Recurvatum is usually mild and it’s treated with under-resection of the distal femoral and 
proximal tibia. However, in patients with neuromuscular diseases, such as poliomyelitis and 
Ehler-Danlos, even under-resection and use of thicker components are insufficient to correct 
recurvatum. For these extreme conditions, the authors recommend the use of constrained 
prosthesis or hinged implants.

5. Management of bone defects

As osteoarthritis advances, bone defects can distort the natural anatomy of the knee and cause 
to difficult alignment and implant set.

Figure 15. Peripheral medial bone defect on medial tibial plateau. One must avoid over-resection of the medial tibial 
plateau as it could fracture proximal fibula. Cancellous bone is insufficient to support the tibial implant.
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Contained defects occur from a cyst or a cavity and are treated by filling off the defect or bone 
cut. One must remember that there is a limit for moving the bone cut level. Augmentation 
with cement, bone, or metal wedges or blocks should be considered in these cases.

Peripheral defects typically occur in varus knees in the posteromedial plateau and in val-
gus knees in the distal lateral femur. These kinds of defects are also managed with cement, 
bone graft, and metal augments. When they occur in tibia, the translation of the tibial tray 
away from the location of the defect could be sufficient. If not deeper than 10 mm, the defect 
can be eliminated by resecting the tibia at a lower level until, at a maximum of, 20 mm, but 
these authors recommend using metal augmentation and intramedullary stems to protect the 
implant from interface shear forces (Figure 15).

6. Choice of implant

There are theoretical concerns when choosing the right implant. For those who choose ana-
tomical and kinematic alignment, the implant tends to reproduce the knee’s anatomy and 
the surgeon should preserve at the most ligaments and the natural inclination of the native’s 
articular line. In such cases, the PCL should be preserved whenever it’s possible, since it is a 
varus/valgus stabilizer, and it can absorb stress.

Anterior cruciate ligament (ACL) plays a role with PCL during knee flexion and extension. 
As the knee flexes, the femur slides back in tibia (rollback) until a point where the ACL is 
completely strengthened. As the knee extends, the femur slides forward until a point that 
the PCL resists this movement. For arthrosis of one compartment, when ALC and PCL are 
intact, a meniscal-bearing design could be used (e.g., Oxford® unicompartmental prosthesis). 
As arthrosis progresses, ACL becomes insufficient. When PCL is not sacrificed, the movement 
of rollback occurs and theoretically, the tibial baseplate should be flat. When PCL is sacrificed, 
the tibial baseplate should be concave, containing forward and backward motion. However, 
some of the newer implants now allow PCL sacrifice or retention, regardless the shape of 
tibial baseplate.

Mobile-bearing designs have increased the sagittal plane conformity which helps to control 
anteroposterior translation. The increased coronal plane conformity typically presented in 
mobile-bearing TKA also increases the contact area and lessens contact stresses. These advan-
tages tend to reduce the rate of polyethylene wear. Polyethylene is self-aligned with the femo-
ral component. It reduces the cross-shear stresses and facilitates central patellar tracking. In 
a fixed-bearing TKA, if the tibial component is left in internal rotation, it moves tibial tuber-
osity laterally, enhancing the risk of patellar subluxation. Besides, mobile-bearing designs 
also contribute to diminish the incidence of lateral releasing. Clinically, the fixed-bearing and 
mobile-bearing TKA systems have performed similarly in outcome studies. These authors 
favor the use of mobile-bearing designs, especially for younger and higher-demand patients 
with longer life expectancies.

Primary Total Knee Arthroplasty18

7. Emerging technologies

Patient-specific instruments could be made from preoperative imaging (MRI or CT scans of 
specific sequences). It could allow the production of manufactured specific cutting guides. 
These guides are made in respect of the individual anatomy, including osteophytes and bone 
defects in the correct orientation. It would direct the bone resection before the preplanned 
knee, avoiding using standard intraoperative cutting guides. Specific guides should require 
fewer trays of kit, leading to greater operative efficiency, and are expected to reduce operative 
time and produce more accurate bone cuts. At this point, there are a lot of studies that suggest 
the use of specific guides with good functional outcomes. Nevertheless, cost-effectiveness still 
needs to be proven.

Robotic surgery combines navigation with a robot that performs the bony resection, con-
trolled by the surgeon. A preoperative CT scan is used to template the knee. It has a 
theoretical advantage of not deviating from the defined cutting plane or axes of resection. 
Despite the appeal that it would reproduce better mechanical axis, additional studies are 
necessary to justify its use outside the experimental environment before it gets univer-
sally used.

8. Conclusion

The restoration of adequate mechanical axes is critical for implant survival. Preoperative 
planning anticipates surgical difficulties and gives a chance for creating resolutive 
strategies.

The ATJ® application for mobile phones has proven useful and comes to optimize the surgi-
cal planning in TKAs. As it establishes a rational step-by-step process, based on literature, it 
directs the user to a possible reliable form of surgical planning.
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Abstract

The debate over the relative merits of substituting or retaining the posterior cruciate 
ligament (PCL) in total knee arthroplasty is still ongoing. The potential advantages of 
PCL preservation are a more natural femoral rollback, the presence of a structure criti-
cal for the proprioception, the maintenance of a native central stabilizer of the joint, and 
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is the main goal of the developers of these devices; cruciate-retaining total knee replacement 
(CR-TKR) was introduced to try to achieve these results.

The many reasons for retaining the posterior cruciate ligament (PCL) during total knee 
replacement (TKR) include improved stability, reduced shear stresses at the fixation inter-
face, improved proprioception, and more efficient gait patterns during level walking and 
stair climbing; moreover, one of the most commonly cited motives for retaining the PCL 
is to preserve femoral rollback, which improves extensor efficiency by lengthening the 
moment arm and improves the range of flexion by minimizing the potential for impinge-
ment of the femur on the tibial component, reducing loosening and excessive polyethyl-
ene wear.

2. Indications

The classic indications for a PCL retaining total knee arthroplasty (TKA) are fixed flexion of 
less than 30°, varus less than 20°, and valgus less than 25°; joint subluxation of no more than 1 
cm; structurally intact PCL (Figures 1 and 2); and technical ability of the surgeon [1].

In our experience, we also use this type of implant even in the revision of a unicompart-
mental knee replacement caused by an aseptic loosening of the tibial component: with the 
use of a tibial stem, associated if necessary with an augment, we spare the PCL avoiding the 

Figure 1. Anteroposterior view of full-length lower extremity radiographs of a patient suitable for a CR-TKR.
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intercondylar notch cut: the aim to preserve more bone as possible taking into account that 
in the vast majorities of cases, these are young patients that will have the risk to require a 
further revision in the future.

3. Clinical outcomes

Numerous retrospective studies of CR TKAs have demonstrated consistently good clinical 
results and excellent intermediate and long-term survival [2–5].

While first studies about old generation of CR systems showed systemically a survivorship of 
90% at 10 years, new type of implant demonstrated an improved longevity to 96–100% after 
10 years. National joint registries are very useful instrument to understand this phenomenon: 
14th Annual report of National Joint Registry for England, Wales, Northern Ireland and the Isle 
of Man updated to December 31, 2016 recounts that from 2003 “More than half of all operations 
(56.6%) were total knee replacements which were all cemented, unconstrained and fixed, fol-
lowed by 20.7% which were all cemented, posterior stabilised and fixed… Two-thirds (66.6%) of 
cemented implants are unconstrained (cruciate-retaining) and have a fixed bearing… The main 
decline in the type of primary knee surgery carried out has been in the use of all uncemented 
and hybrid total knee replacements over time…” (less than a third of those figures reported for 
the year 2003). Analyzing the risk of revisions after primary knee surgery by fixation method 
and constraint, it reveals how “…Cemented unconstrained, fixed bearing total knee replace-
ment results in lower chances of revision overall compared to other combinations of constraint 

Figure 2. Lateral view of knee radiographs of a patient suitable for a CR-TKR.
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and bearing used in a cemented fixation of the joint with modular tibial components” and 
“… Uncemented/hybrid total knee replacements with posterior stabilised constraint and fixed 
bearings fare worse than their unconstrained bearing equivalents” [6]. Similar results were 
carried out by the Australian Orthopaedic Association National Joint Replacement Registry 
(AOANJRR) 2017 Annual Report: it describes as “…the use of minimally stabilised prostheses 
has remained relatively constant over the last 10 years. In 2016, these accounted for 67.4% of 
the three prosthesis types. The use of posterior stabilised prostheses has declined from 32.9% in 
2008 to 25.6% in 2016.” It also reports that “…Posterior stabilised and medial pivot prostheses 
have a higher rate of revision compared to minimally stabilised” stating that “…Posterior sta-
bilised prostheses have a higher cumulative incidence of infection…” and “also have a higher 
cumulative incidence of loosening compared to minimally stabilised prostheses” [7].

Focusing on the differences in clinical outcomes between TKRs with retention versus sacri-
fice of the PCL, a Cochrane Review published in 2013 by Verra et al. found 17 randomized 
controlled trials that lead to following conclusion: “… With respect to range of motion, pain, 
clinical, and radiological outcomes, no clinically relevant differences were found between 
total knee arthroplasty with retention or sacrifice of the posterior cruciate ligament. Two sta-
tistically significant differences were found; range of motion was 2.4° higher in the posterior 
cruciate ligament sacrificing group, however results were heterogeneous; and the mean func-
tional Knee Society Score was 2.3 points higher in the posterior cruciate ligament sacrificing 
group…” but “…These differences are clinically not relevant” [8].

More recent meta-analysis obtained the same clinical conclusion [9, 10].

4. Kinematic

Numerous prostheses have been developed to improve the durability and function of TKR 
and kinematic principles that have been the focus of current implant designs, have been to 
replicate the native knee’s femoral rollback during flexion and the external rotation of the 
femoral component relative to the tibial component.

In the normal knee, a rolling motion predominates for the first 20° of flexion, which produces a 
posterior translation of the femoral contact position on the tibia. After 30° flexion, sliding becomes 
predominant but the net motion remains in the posterior direction [11] and the PCL performs 
several functions: It guides the rollback of the femoral condyles on the tibial plates during flex-
ion, thus allowing the back portion of the condyles to clear the posterior surface of the tibia at 
high bending degrees and improving the mechanical efficiency of extensor apparatus; from the 
point of view of stability, it prevents the posterior subluxation of the tibia on the femur during 
flexion, with a critical secondary role in stability in varus and valgus with knee flexion [12].

Several studies about CR-TKR evaluated in the past the kinematic of this type of implant: 
Stiehl et al. in a fluoroscopic analysis showed that CR-TKR “…did not reproduce normal knee 
Kinematics in any case, but showed a starting point posterior to the tibial midline which trans-
lated anteriorly with flexion…” and “…Physiological roll-back has not been demonstrated 
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and its absence is likely to reflect anterior cruciate deficiency, alteration of the normal joint 
line, or other subtle changes which modify kinematics…” [11]. Similar results were obtained 
by Dennis et al. in 1998: they found that “…a lack of customary posterior femoral rollback 
in posterior cruciate-retaining designs, and conversely showing an average anterior femoral 
translation with knee flexion. Posterior femoral rollback, less than in normal knees, routinely 
was observed in posterior cruciate substituting total knee arthroplasty, attributed to engage-
ment of the femoral component cam with the tibial post” [13]. However, the same author 
in a study of 2002, using a standardized technique and a specific new generation implant, 
found that “the subjects…experienced consistent posterior femoral rollback of the posterior 
cruciate-retaining total knee arthroplasty” and concluded that “having asymmetric femoral 
condyles may lead to PFR with increasing knee flexion” [14].

A more recent study by Banks et al. also demonstrated that “…greater axial rotations were 
associated with complete preservation of the PCL insertion.” Definitely, in this study, it was 
shown a normal axial rotation and a normal condylar translation in CR group, while “cruci-
ate-substituting or post/cam substitution of PCL… exhibited lower ranges of axial rotation 
and condylar translation than the implant was designed to accommodate.”

The key point is that the joint surfaces should be designed to be compatible with normal 
femoral rollback. Components with different curvature radius of the two condyles allow the 
femoral component to roll back much more laterally than medially, as on the normal knee. On 
the tibial side, a slightly flattened design in the sagittal plane makes the best use of the PCL 
preservation, allowing the femur to roll backward and rotate in a relatively normal way. At 
the same time, a significant congruity in the frontal plane helps to minimize stress on polyeth-
ylene, thus reducing long-term wear [12].

5. Posterior tibial slope

As widely explained by Sierra and Berry when performing a CR-TKR, modest posterior 
slope (matching patient’s native slope between 3 and 7°) may help reduce tension on the 
PCL and facilitate knee flexion [15]. Posterior tibial slope (PTS) opens the flexion space, and 
this helps to obtain flexion without PCL recession. However, excessive slope may lead to 
compromise the insertion point of the PCL into the tibia, which can lead to flexion instabil-
ity and to reduced or paradoxical femoral rollback reported more frequently in CR than in 
PS TKR.

One of the last biomechanical discoveries showed as an “increased PTS was associated 
with biomechanical effects leading to reductions in quadriceps force, contact stress on PF 
joint, and force on PCL. However, excessive PTS should be avoided to prevent progressive 
loosening of the TF joint gap due to the reduction of collateral ligament tension during 
flexion” [16].

A reduced slope can generally lead to lift-off positive test in flexion whose treatment will be 
extensively described in the technique paragraph.

Cruciate-Retaining Total Knee Arthroplasty
http://dx.doi.org/10.5772/intechopen.74024

27



and bearing used in a cemented fixation of the joint with modular tibial components” and 
“… Uncemented/hybrid total knee replacements with posterior stabilised constraint and fixed 
bearings fare worse than their unconstrained bearing equivalents” [6]. Similar results were 
carried out by the Australian Orthopaedic Association National Joint Replacement Registry 
(AOANJRR) 2017 Annual Report: it describes as “…the use of minimally stabilised prostheses 
has remained relatively constant over the last 10 years. In 2016, these accounted for 67.4% of 
the three prosthesis types. The use of posterior stabilised prostheses has declined from 32.9% in 
2008 to 25.6% in 2016.” It also reports that “…Posterior stabilised and medial pivot prostheses 
have a higher rate of revision compared to minimally stabilised” stating that “…Posterior sta-
bilised prostheses have a higher cumulative incidence of infection…” and “also have a higher 
cumulative incidence of loosening compared to minimally stabilised prostheses” [7].

Focusing on the differences in clinical outcomes between TKRs with retention versus sacri-
fice of the PCL, a Cochrane Review published in 2013 by Verra et al. found 17 randomized 
controlled trials that lead to following conclusion: “… With respect to range of motion, pain, 
clinical, and radiological outcomes, no clinically relevant differences were found between 
total knee arthroplasty with retention or sacrifice of the posterior cruciate ligament. Two sta-
tistically significant differences were found; range of motion was 2.4° higher in the posterior 
cruciate ligament sacrificing group, however results were heterogeneous; and the mean func-
tional Knee Society Score was 2.3 points higher in the posterior cruciate ligament sacrificing 
group…” but “…These differences are clinically not relevant” [8].

More recent meta-analysis obtained the same clinical conclusion [9, 10].

4. Kinematic

Numerous prostheses have been developed to improve the durability and function of TKR 
and kinematic principles that have been the focus of current implant designs, have been to 
replicate the native knee’s femoral rollback during flexion and the external rotation of the 
femoral component relative to the tibial component.

In the normal knee, a rolling motion predominates for the first 20° of flexion, which produces a 
posterior translation of the femoral contact position on the tibia. After 30° flexion, sliding becomes 
predominant but the net motion remains in the posterior direction [11] and the PCL performs 
several functions: It guides the rollback of the femoral condyles on the tibial plates during flex-
ion, thus allowing the back portion of the condyles to clear the posterior surface of the tibia at 
high bending degrees and improving the mechanical efficiency of extensor apparatus; from the 
point of view of stability, it prevents the posterior subluxation of the tibia on the femur during 
flexion, with a critical secondary role in stability in varus and valgus with knee flexion [12].

Several studies about CR-TKR evaluated in the past the kinematic of this type of implant: 
Stiehl et al. in a fluoroscopic analysis showed that CR-TKR “…did not reproduce normal knee 
Kinematics in any case, but showed a starting point posterior to the tibial midline which trans-
lated anteriorly with flexion…” and “…Physiological roll-back has not been demonstrated 

Primary Total Knee Arthroplasty26

and its absence is likely to reflect anterior cruciate deficiency, alteration of the normal joint 
line, or other subtle changes which modify kinematics…” [11]. Similar results were obtained 
by Dennis et al. in 1998: they found that “…a lack of customary posterior femoral rollback 
in posterior cruciate-retaining designs, and conversely showing an average anterior femoral 
translation with knee flexion. Posterior femoral rollback, less than in normal knees, routinely 
was observed in posterior cruciate substituting total knee arthroplasty, attributed to engage-
ment of the femoral component cam with the tibial post” [13]. However, the same author 
in a study of 2002, using a standardized technique and a specific new generation implant, 
found that “the subjects…experienced consistent posterior femoral rollback of the posterior 
cruciate-retaining total knee arthroplasty” and concluded that “having asymmetric femoral 
condyles may lead to PFR with increasing knee flexion” [14].

A more recent study by Banks et al. also demonstrated that “…greater axial rotations were 
associated with complete preservation of the PCL insertion.” Definitely, in this study, it was 
shown a normal axial rotation and a normal condylar translation in CR group, while “cruci-
ate-substituting or post/cam substitution of PCL… exhibited lower ranges of axial rotation 
and condylar translation than the implant was designed to accommodate.”

The key point is that the joint surfaces should be designed to be compatible with normal 
femoral rollback. Components with different curvature radius of the two condyles allow the 
femoral component to roll back much more laterally than medially, as on the normal knee. On 
the tibial side, a slightly flattened design in the sagittal plane makes the best use of the PCL 
preservation, allowing the femur to roll backward and rotate in a relatively normal way. At 
the same time, a significant congruity in the frontal plane helps to minimize stress on polyeth-
ylene, thus reducing long-term wear [12].

5. Posterior tibial slope

As widely explained by Sierra and Berry when performing a CR-TKR, modest posterior 
slope (matching patient’s native slope between 3 and 7°) may help reduce tension on the 
PCL and facilitate knee flexion [15]. Posterior tibial slope (PTS) opens the flexion space, and 
this helps to obtain flexion without PCL recession. However, excessive slope may lead to 
compromise the insertion point of the PCL into the tibia, which can lead to flexion instabil-
ity and to reduced or paradoxical femoral rollback reported more frequently in CR than in 
PS TKR.

One of the last biomechanical discoveries showed as an “increased PTS was associated 
with biomechanical effects leading to reductions in quadriceps force, contact stress on PF 
joint, and force on PCL. However, excessive PTS should be avoided to prevent progressive 
loosening of the TF joint gap due to the reduction of collateral ligament tension during 
flexion” [16].

A reduced slope can generally lead to lift-off positive test in flexion whose treatment will be 
extensively described in the technique paragraph.

Cruciate-Retaining Total Knee Arthroplasty
http://dx.doi.org/10.5772/intechopen.74024

27



In conclusion, evaluating the tibial slope is a crucial phase in CR-TKR, since as recently 
explained by Dae Kyung Bae et al. the steepness of the PTS is one of the main factors that 
requires the conversion to PS from a CR-type prosthesis [17].

6. Midflexion stability

For a successful TKR, the wide range of movement is not the only objective to achieve, but 
also joint stability plays a crucial role. During most activities of daily living, the knee is loaded 
not only in full extension but also in midflexion, and therefore, stability throughout flexion 
should be considered an important outcome measure. As the PCL is thought to serve as a 
secondary stabilizer of the knee during varus and valgus stresses, it is likely that the presence 
of this ligament has some effects on midflexion stability.

In a cadaveric study of 1999, Mihalko observed “…that a major result of posterior cruciate 
ligament sacrifice is the creation of a larger flexion gap. This result provides insight into rela-
tive joint line changes that can occur after posterior cruciate ligament sacrifice…,” suggest-
ing… “the need for greater attention to flexion stability when sacrificing the posterior cruciate 
ligament” [18]. In a 2008 study, Tsuneizumi et al. similarly concluded that “…the PCL kept 
the knee stable against distal traction force in the flexion position, and sacrifice of this liga-
ment caused joint laxity in different ranges. The increases in the flexion gap after resection of 
the PCL varied among individuals” [19].

In 2013, Hino et al. focused on stability through the range of movement pinpointing the exact 
degrees that make differences between CR and PS TKRs stability: “Specifically, CR knees had 
significantly less laxity in the flexion range of 10 to 30° than PS knees…” demonstrating “…a 
significant decrease in joint laxity at 120° of flexion for CR-TKRs and in contrast PS TKRs had 
an increase in joint laxity between 10 and 20° of flexion post-operatively. Overall, CR knees 
demonstrated less joint laxity than PS knees throughout the whole range of movement.” They 
concluded that “CR knees have less post-operative laxity, especially in deep flexion…” and 
“...this may be associated with the lower flexion range that could be seen in CR knees” [20].

7. Joint line position

Since restoration of joint line can be difficult in severe osteoarthritic knee with coronal and 
sagittal plane deformities, many surgeons prefer the use of a PS TKR, which is less sensi-
tive to changes in joint line position: in fact, the level of the reconstructed joint line is one 
of the main factors that affects the tension of the retained PCL [21]. As reported by Emodi 
et al. in a cadaveric study “As the joint line was elevated, PCL strain increased at all mea-
sured flexion angles above 30°…” and “…the centre of tibio-femoral contact did not change 
at the flexion angles of 15 and 30°…” but “…at 60, 90 and 105° the tibio-femoral contact 
centre moved posteriorly with each successive elevation of the joint line.” This author also 
confirmed what already reported in literature that “…Significant decreases in flexion were 
observed with as little as 2 mm of elevation. Flexion was limited further as the joint line 
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was elevated 4 and 6 mm, and was partially restored following cruciate excision…” and “…
The effect of joint line elevation on normalized quadriceps load and patella-femoral contact 
pressures was observed only at higher flexion angles…” [22].

8. Authors’ preferred surgical technique

A standard midline longitudinal approach is performed with medial parapatellar arthrot-
omy and lateral patellar dislocation; the knee joint is exposed and the Whiteside line and 
the transepicondylar axis are marked (they are used as femoral rotational landmarks); the 
intramedullary femoral guide is drilled into the femur; a 9-mm distal femoral bone resection 
is performed with a valgus angle preoperatively planned (Figure 3).

For the tibial side, Hohmann retractors are employed to protect lateral and medial soft tissues 
(critical structures for a correct balancing); the tibial spine is removed using a surgical saw.

Then through the use of an osteotome, a bone island really closer to the distal insertion of 
PCL is circumscribed (Figures 4 and 5). A pin is placed in front of the PCL defining the ante-
rior side of the island (Figure 6); we make use of the extramedullary tibial resection guide 
to align the tibial mechanical axis; an amount of resection equal to the thickness of the tibial 
arthroplasty component is measured on the less osteoarthritic plateau and tibial resection 
is performed bewaring not to get across the lateral and medial sides of marked bone island. 
The employment of the osteotome is an essential step: it allows to incise the posterior cortex 
avoiding during the tibial plateau excision the risk of avulsion and subsequent detachment 
of the PCL.

With these precautions, the tibial plateau is removed (Figures 7–9) and the bone island can be 
carefully shaped through a nibbler to permit the placement of the posterior side of the tibial 
component (Figures 10 and 11).

Figure 3. Distal femur cut: with the angel wing, you can appreciate the minimal resection in order to maintain the level 
of the joint line position.
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intramedullary femoral guide is drilled into the femur; a 9-mm distal femoral bone resection 
is performed with a valgus angle preoperatively planned (Figure 3).
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arthroplasty component is measured on the less osteoarthritic plateau and tibial resection 
is performed bewaring not to get across the lateral and medial sides of marked bone island. 
The employment of the osteotome is an essential step: it allows to incise the posterior cortex 
avoiding during the tibial plateau excision the risk of avulsion and subsequent detachment 
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component (Figures 10 and 11).

Figure 3. Distal femur cut: with the angel wing, you can appreciate the minimal resection in order to maintain the level 
of the joint line position.
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Figure 4. Through the use of an osteotome, a bone island is circumscribed.

Figure 5. The incision of the posterior cortex necessary to avoid a posterior avulsion.
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Figure 6. A pin is placed in front of the PCL defining the anterior side of the island.

Figure 7. The tibial plateau is detached.

Figure 8. The tibial plateau is removed.
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The following step, with knee flexed at 90°, is defining the size and the position of the femoral 
component; we utilize an asymmetric spacer (flexion spacer by Biomet) (Figure 12) to perform 
a posterior condylar femoral resection perpendicular to the Whiteside line and in order to 
obtain equal medial and lateral gaps and to achieve the same space both in flexion and exten-
sion. By posterior referencing, 4-in-1 cutting block (set for the measured implant size and 
the rotational alignment previously evaluated) is placed and the anterior, posterior, anterior 
chamfer, and posterior chamfer cuts are performed.

Figure 9. Superior view of the removed plateau.

Figure 10. The aspect of the tibial side after the cut with the preservation of the PCL.
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Through the use of a gap spacer, the alignment and varus or valgus ligamentous bal-
ance are always tested both in extension and in flexion. The space between the femoral 
and the tibial cut surfaces should be within 1–2 mm of each other both in flexion and 
extension [23].

Figure 11. The bone island can be shaped through a nibbler or a Luer.

Figure 12. Balancing the space in flexion through the flexion spacer by Biomet.
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When the desired balancing and gaps are achieved, the femoral, tibial, and insert trial compo-
nents of the correct size are inserted; we check the maximum extension and flexion and then 
stability and the patellar tracking in the full range of movement; usually, we do not perform 
patellar resurfacing [24] but just remove osteophytes.

Once the tibial stem hole is created and the preparation procedure is completed, we perform a 
wash of the joint and then insert definitive cemented components and the polyethylene bear-
ing of the previously evaluated size.

9. Consideration about surgical technique

We think that to improve an already successful procedure, as TKR was well demonstrated to 
be, we need to look at small details.

In the debate between PS versus CR-TKR, the main reason in favor of PCL sacrifice is that 
balancing a joint with an intact PCL could be very difficult, especially in case of drastic defor-
mities as severe fixed flexion, varus or valgus angulations more than 20° or considerable joint 
subluxation: but in these cases, we think that probably PS implant is not the solution since 
should be preferable the use of a more constrained implant.

We think that the ability of the surgeon is critical to obtain a good CR replacement; technical 
difficulties lead to a longer learning curve, but using some tips and having cleared all basic 
science considerations explored in the previous paragraphs, you can achieve good results 
even in the most difficult cases.

Taking these points into account, the first element to consider is that the goal of the procedure 
is both to place the TKA in neutral mechanical alignment and to obtain a knee stable in all 
range of movement. In CR-TKR, the main criticism of the process is the preservation of the 
PCL and consequent balance of the spaces.

Performing a CR-TKR, the main criticism of the surgical technique is that the distal attach-
ment of the PCL is vulnerable to injury during the tibial resection; the distal attachment of 
the PCL is located posterior and distal to the tibial plateau, so the application of a protective 
device on the front is really useful to safeguard it; however, excessive bone resection from the 
proximal tibia (i.e., greater than 1 cm) or a large posteriorly sloped cut may anyway jeopar-
dize the tibial attachment of the PCL and it has been demonstrated that a pin of minimum 
1.7 mm of length ensures a larger margin of safety [25]. In addition, the creation of a bone 
island with the incision of the posterior cortex is really useful to avoid the avulsion of the liga-
ment during the removal of the plateau.

The second element is that in order to accurately balance the joint, the surgeon can remove 
less bone from the distal femur (typically matching the thickness of the femoral implant 
which should be chosen to reproduce the A-P size of the back of native femoral condyles) in 
comparison to what would be done for a PS TKR (Figure 7); due to the retention of the PCL 
in a CR-TKR, the flexion gap will remain smaller (in a range of 1.8–4.8 mm) than what would 
be created for a PS implant; therefore, the goal is to keep the extension gap small as well [15].

Primary Total Knee Arthroplasty34

The third element is about the slope of the tibial cut: posterior slope opens the flexion space 
and this helps to obtain flexion without PCL recession. Therefore, a modest posterior slope 
(typically matching the patient’s native slope within the range of 3–7°) may help to reduce 
tension on the PCL and this may facilitate knee flexion. If the extension gap is asymmetrical, 
it is necessary to perform a ligamentous release in order to obtain a symmetric space, and the 
gap size finally should be verified with a spacer block. Reflecting on the solution to achieve 
a symmetrical space in the flexion gap, it is really important to consider what type of instru-
ment we are using: if we get the restoration of a neutral mechanical alignment in extension 
through the use of an intramedullary device for the femur and an external guide for the tibia, 
in our experience, the best instrument that helps us to get the correct rotation of femur in flex-
ion is the flexion spacer by Biomet; in fact, it is always referred to the tibial osteotomy (that 
regardless of surgeon accuracy should be 1° or 2° in valgus or varus deviation) and allows us 
to reach a parallel cut even in case of a severe lateral condyle hypoplasia thanks to its multiple 
choice in asymmetrical components (1°, 3°, 4°, 5°, 6°, 8°). Once rotation is obtained, the follow-
ing step is to determine the depth of the flexion gap. Not only does the flexion gap need to be 
rectangular (indication of rotation), but it also needs to obtain the same size of the extension 
gap. Through the use of the flexion spacer, the normal posterior condyle offset is recreated. 
Then, the depth of the anterior cut is not measured directly but rather determined by the size 
of the 4-in-1 cutting jig; it may be too shallow (this will cause overstuffing of the patellofemo-
ral joint) or it may be too deep (this will cause notching) [26].

Nevertheless, problems can occur once that bone cuts are performed and trial components 
are inserted.

A slightly lax PCL is preferable to one that is excessively tight, but an overly lax PCL can 
result in functional disability secondary to flexion instability. Balance of the PCL should be 
assessed after correction of any varus or valgus ligamentous imbalance. An excessively tight 
PCL will result in anterior translation of the tibia from beneath the femur, anterior lift-off of 
the trial polyethylene from the tibia tray in flexion, and/or displacement of the femoral com-
ponent in flexion. A useful test of the relative balance of the PCL is the so-called POLO (for 
PullOut, LiftOff) test introduced by Dr. Richard Scott. In this test, a trial reduction is done 
with a stemless tibial trial and a curved tibial insert. The PullOut portion of the test is done at 
90° of flexion and confirms that the PCL is not too loose if the tibial insert cannot be subluxed 
(pulled out) anteriorly from beneath the femur. The LiftOff portion is done while putting the 
knee through a range of motion up to 120° and ensuring that the tibial insert does not look 
open (lift-off) in flexion, indicating that the PCL is too tight. Scott postulates that if the PCL is 
not too loose and not too tight, then it must be just right [1].

If the PCL is excessively tight, the tension can be decreased by several techniques. Increased 
tibial bone resection is only appropriate if the knee is tight in both flexion and extension. If the 
knee is tight only in flexion, increasing tibial bone resection will leave the knee lax in exten-
sion, resulting in symptomatic instability due to hyperextension or excessive varus-valgus 
play. If the knee is tight only in flexion, the posterior slope of the tibial cut should be assessed. 
The tibia normally has a 3 to 7°degree posterior slope. The amount of posterior slope cut on 
the tibia will be dependent on the prosthetic design. Some implants have an inherent poste-
rior slope in the articular geometry and will require less posterior slope than knees with a flat 
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geometry in the sagittal plane. Increasing posterior slope for the tibial resection will relax the 
PCL. Posterior tibial slope typically should not exceed 10° to avoid risk of injury to the tibial 
attachment of the PCL. Posterior cruciate recession consists of selective release of the anterior 
fibers of the PCL from their tibial attachment. Release of the anterior 10–20% of the PCL can 
often help achieve the correct soft tissue balance. If greater than 75% of the PCL is released, 
some feel a PCL-substituting prosthesis should be considered. The concern in those cases is 
that the remaining 25% of the PCL fibers may rupture later with activity, leading to flexion 
instability. If the PCL is released or absent, the tibial tray should be more conforming because 
rollback does not occur. Hence, the surgeon should match the constraints of the soft tissue 
with the inherent constraints of the knee system being used [1].

A knee that is tighter in flexion requires one or a combination of maneuvers that include PCL 
release, downsloping the tibial resection, downsizing the femoral component, or additional 
tibial resection with distal advancement of the femoral component. A knee that is tighter in 
extension is usually corrected merely by added distal femoral resection [1].

10. Conclusion

The most recent literature and National Joint registries confirm that CR-TKR has good clinical 
results and excellent intermediate and long-term survival.

If in the past many studies argued that CR implant lead to paradoxical kinematic, more recent 
and relevant studies demonstrated that with new design components and well-standardized 
technique, the native femoral rollback is better restored with a CR-TKR than with a PS implant. 
International studies also confirm that the stability in all range of movement can successfully 
be achieved, and care must be paid to joint line position and posterior tibial slope when per-
forming a CR replacement; in fact, they are two of the main factors that affect the tension of 
the retained PCL. Less femoral distal cut as possible should be executed to not compromise 
gap balances between extension and flexion: in fact, the retention of the PCL lead to a smaller 
space in flexion than what obtained with PCL recession, but if more space is needed in flexion 
(caused by a too thigh PCL), creating a more sloped tibial cut may help to reduce tension on 
the PCL-facilitating knee flexion.

The main criticism of the surgical technique is that the distal attachment of the PCL is vulner-
able to injury during the tibial resection and the creation of a bone island through the use of an 
osteotome and a pin in front of the ligament can protect it from a damage that could seriously 
cause difficulties in balancing; balancing a PCL, especially in case of severe deformities, can 
be difficult but many tests and solution have been successfully proposed to understand and 
solve different complex combinations (Figures 13 and 14).

We think that performing a CR-TKR is difficult and requires a long learning curve, but at the 
same time with a standardized technique, it is always possible to prefer this type of implant 
even in those case wherein many surgeon would prefer a PS implant: considering that more 
and more young high-demanding patients are subjected to this procedure you should preserve  
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Figure 13. Anteroposterior view of knee radiographs showing successful case of a CR implant.

Figure 14. Lateral view of knee radiographs showing successful case of a CR implant.
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as much as possible the ligamentous structures for their physiological function and avoid 
bone cuts as much as possible (in the CR designs, the creation of the intercondylar notch resec-
tion is not required) in the perspective of a possible revision in the future.

Finally, for severe deformities associated with ligamentous laxity, the debate about preserve 
or resect the PCL is out of place: in these cases, the solution should be finding in a CR or PS 
TKR but in a more constrained implant.
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Abstract

Postoperative deep-vein thrombosis (DVT), venous thromboembolism (VTE), and pul-
monary embolism are few of the most serious complications following total joint arthro-
plasty. Identification of risk factors and initiation of prophylactic measures are the most 
important measures to prevent the occurrence of DVT. Several protocols and guide-
lines are published for DVT prophylaxis in TKA, leaving the surgeon still perplexed. 
Pharmacological and mechanical prophylaxis methods are used to reduce the risk of 
postoperative symptomatic deep-vein thrombosis and pulmonary embolism. The use 
of pharmacological methods is based on a fine balance between their efficacy and the 
adverse effects associated with them. Each of these agents has their own advantages and 
disadvantages. Several newer agents are getting approved by FDA for the same. Hence, 
the choice should be carefully made based on the patient characteristics and risk stratifi-
cation, and the onset of side effects has to be carefully monitored.

Keywords: DVT, thrombosis, prophylaxis, embolism, postoperative, TKA, joint 
replacement

1. Introduction

The importance of DVT prophylaxis is well understood from the high incidence of DVT in 
patients undergoing total knee arthroplasty (TKA). Studies have shown that without any 
mechanical or pharmacologic prophylaxis, asymptomatic DVT develops in 40–60% of the 
patients undergoing total hip and knee arthroplasties. Hence, there is a general consensus 
that these patients require regular prophylaxis even beyond discharge [1]. Venous thrombo-
sis, including deep-vein thrombosis, occurs at an annual incidence of about 1 per 1000 adults 
and is higher in men than that in women in older age. DVT incidence varies according to 
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the race and ethnicity. Asians have a very low incidence of deep-vein thrombosis due to the 
preferred vegetarian diet, low prevalence of obesity, hyperlipidemia, and Factor V Leiden 
mutation. Several meta-analysis studies have shown similar results of low DVT incidence in 
Asians [2]. Operating surgeon has to minimize the risk of occurrence of this complication and 
its associated morbidity and mortality. Surgeon’s choice of VTE prophylaxis should be based 
on a balance between safety and efficacy of a particular anticoagulant, with risk stratification 
of VTE or bleeding. Virchow’s triad of events—stasis, vascular endothelial injury, and hyper-
coagulability, increases the risk of deep-vein thrombosis (DVT). Patients who fulfill two of 
the three criteria are considered to be high-risk group. Most of the patients undergoing TKA 
are considered to be at high risk for DVT for the high incidence of endothelial injury during 
the surgery and the relative stasis during the postoperative period. Well’s criteria help us to 
stratify risk in these patients (Figure 1).

Figure 1. Well’s criteria for DVT risk stratification.
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Patients without prior clinical suspicion also can develop DVT and fatal pulmonary embo-
lism. Hence, it is therefore important to take appropriate preoperative screening and pre-
ventive measures for all these patients and to determine which of them warrant additional 
prophylaxis. Worldwide accepted guidelines on DVT prophylaxis have been produced 
by the American College of Chest Physicians (ACCP), American Academy of Orthopedic 
Surgeons (AAOS), and the National Institute for Health and Clinical Excellence (NICE). 
But the priority consideration is to diagnose the patients with high risk of developing 
DVT.

2. Risk factors

The risk factors for the development of DVT can be modifiable or nonmodifiable factors.

Modifiable factors include

• Obesity: it is defined as BMI above 30. Obesity leads to a two- to threefold higher risk of 
venous thrombosis in men and women. The obese have a further increase in thrombosis 
risk when they are exposed to other thrombosis risk factors, such as exogenous contracep-
tive or postmenopausal hormones.

• Homocysteine levels: elevated homocysteine has been consistently reported as a risk factor 
for venous thrombosis and levels can be reduced with B vitamin supplementation.

Nonmodifiable risk factors include the genetic factors which cause thrombophilic disorders. 
Protein C, protein S, and antithrombin deficiencies, Factor V Leiden mutation, and increased 
level of factor V, VII, VIII, IX, XI and von Willebrand factor are a few of the conditions that 
add up the risk of DVT.

Triggering factors are incidental situations which put patients into high risk of developing 
DVT, which cannot be avoided but can be tided over.

• Hospitalization—either due to immobility, infection, surgery.

• Surgery/trauma.

• Immobility—due to stasis of blood flow as in cases of plaster casts, bed rest, and paresis of 
legs due to neurological conditions.

• Cancer—increased risk due to cancer cells activating coagulation and tumors compressing 
veins causing hemostasis.

• Travel—duration of any form of travel more than 4 h increases the risk by about twofold 
for several weeks after travel [3].
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3. Evaluation

Apart from the history and the classic clinical symptoms and examination findings of pain, 
tenderness, and swelling of the leg, different techniques are employed to detect even small 
thrombi in the venous system.

Ultrasound Doppler: it is the most common test used for diagnosing deep-vein thrombosis. It is 
quick, noninvasive, cheap and patient-friendly.

D-dimer test: the level of D dimer will be elevated in the presence of a blood thrombus.

Venography: this test is indicated if ultrasound does not provide a clear diagnosis. It is an 
invasive technique whereby a radio-opaque dye is injected into a vein, and then, a radiograph 
is taken of the leg. The entire pathway of the vein can be identified from the X-ray, and any 
obstruction somewhere indicates a thrombus.

Impedance plethysmography: changes in venous filling are produced by inflating and deflating 
the thigh cuff, and electrodes sense the change in blood volume by electrical impedance in 
the calf veins. A delay indicates that an occlusive thrombus is present in the popliteal or more 
proximal veins. But this modality is not useful in detecting more proximal DVTs.

Ventilation–Perfusion Scan (V/Q scan): a lung V/Q scan uses a ventilation (V) scan to measure 
air flow in the lungs and a perfusion (Q) scan to assess the blood flow in the lungs. This will 
detect even an occult event of pulmonary embolism.

Pulmonary CT angiography: currently, the most commonly used first-choice imaging examina-
tion in patients with suspected PE is pulmonary CT angiography [4]. This recommendation 
is based on high sensitivity and specificity for PE and other clinically important conditions 
that mimic PE.

But the point of interest is to prevent the occurrence of DVT rather than its detection. All these 
modalities are used to detect even a minute thrombus occurring in the system. Apart from 
the identification of high-risk patients, it would be better to screen all these patients for DVT 
preoperatively. So many studies have been done in this regard in different population using 
preoperative Doppler screening studies. According to the Scottish Arthroplasty Registry, the 
incidence of clinically significant VTE within 3 months of TKA is 1.79%, whereas that of fatal 
PE is 0.15% [5] and the asymptomatic DVT rates are much higher. Therefore, thrombopro-
phylaxis use has been recommended for all patients undergoing TJA in Western population. 
Many other regional studies have shown that the incidence of DVT in patients undergoing 
TKA is so less to warrant a regular preoperative Doppler screening. However, it is said that a 
better modality to detect thrombi would be venography, which is not an appealing invasive 
procedure.

Numerous guidelines and recommendations suggest the use of various methods of throm-
boprophylaxis and methods to reduce the risk of development of modifiable factors. 
Pharmacological and mechanical prophylaxis methods are used, either in isolation or in com-
bination, to reduce the risk of postoperative VTE.

Primary Total Knee Arthroplasty44

4. DVT prophylaxis guidelines

ACCP 2012 guidelines recommend thromboprophylaxis for patients undergoing TJA for a 
minimum of 10–14 days. They prefer agents like low molecular weight heparin (LMWH), 
vitamin K antagonist, aspirin, fondaparinux, apixaban, dabigatran, or rivaroxaban. Regular 
Doppler screening during postoperative period is not recommended. But, prophylaxis is 
advocated as it is recognized that asymptomatic DVT can produce a fatal PE [6] (Figure 2).

Figure 2. Highlights of the recent ACCP guidelines for thromboprophylaxis.
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The AAOS 2011 guidelines suggest pharmacologic agents and/or mechanical device for the 
prevention of VTE following joint replacement surgery. They did not recommend any specific 
agent or duration of thromboprophylaxis. Both guidelines support combined methods of che-
moprophylaxis with mechanical device. Also, they discourage the regular Doppler screening 
for DVT postoperatively [7] (Figure 3).

4.1. Methods of thromboprophylaxis

Thromboprophylaxis methods can be broadly divided into three—pharmacological, mechan-
ical, and multimodal measures. Pharmacological measures include early active mobilization, 
intermittent pneumatic compression device (IPCD), compression stockings, and active ankle 
pumps. Anticoagulants often used are unfractionated and low molecular weight heparins, 
vitamin K antagonists, and selective factor Xa inhibitor (e.g., fondaparinux).

4.1.1. Mechanical methods

The most recent amendments to the AAOS, ACCP, and Surgical Care Improvement Project 
(SCIP) clinical practice guidelines for VTE prophylaxis after total joint arthroplasty now include 
mechanical compression devices as modalities for VTE prophylaxis. Mechanical compressive 
devices increase the local blood flow in the lower extremities, decrease the concentration of the 

Figure 3. Highlights of the recent AAOS guidelines for thromboprophylaxis.
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activated coagulation factors, and promote lymphatic drainage in adjacent tissues. It avoids the 
side effects of the anticoagulant drugs such as wound drainage, hematoma, and gastrointesti-
nal and intracranial bleeding and also enhances the effects of anticoagulant.

Early mobilization: it has shown that early mobilization reduces the incidence of DVT in patients 
undergoing TJA [8]. Patients are encouraged to be mobilized as soon as feasible. These act by 
increasing the velocity of venous blood flow and preventing stasis as well as decreasing the 
coagulability of blood by stimulating fibrinolysis. Early mobilization is the simplest, cheap-
est, and easiest method to prevent DVT after any surgery. The more you mobilize the patient 
on the first postoperative day, much lesser is the DVT incidence. The incidence reduces by a 
third in those who mobilize more than 1 m on the first postoperative day, and it reaches zero 
in those who mobilize more than 5 m [9]. Physical methods can be combined with pharmaco-
logical methods also for better control.

Intermittent pneumatic compression device (IPCD): inflatable garments are wrapped around the 
legs, which are intermittently inflated by a pneumatic pump enhancing venous return. Two 
meta-analyses found that rates of DVT after total knee arthroplasty were much lower with 
intermittent pneumatic compression devices or LMWH (17–29%) than with aspirin or warfa-
rin (45–53%) [10].

Foot impulse devices (or foot pumps): it increases venous outflow and reduces stasis in immobi-
lized patients. It artificially compresses the venous plexus around the sole, mimicking normal 
walking and reducing stasis in immobilized patients.

4.1.2. Chemoprophylaxis

Aspirin: it is an inhibitor of the cyclooxygenase enzyme system. It is the most simple and 
commonly used drug for thromboprophylaxis. It is very cheap, patient compliant and with 
least side effects. Aspirin inhibits COX1 more than COX2. COX1is chiefly expressed on plate-
lets, which helps in platelet aggregation. Meta-analysis showed that aspirin was effective in 
reducing the rate of DVT to 30.6% from 48.5% [11]. Conflicting literature exists with regard 
to the efficiency of aspirin in preventing DVT. Aspirin is inferior to warfarin or LMWH in 
terms of preventing symptomatic PE or proximal DVT [8]. Also, the rate of complications 
is very low with the use of aspirin. Pulmonary embolism prevention (PEP) trial [12] which 
concluded that low-dose aspirin, when taken for 35 days, would result in seven times less 
symptomatic DVT cases, but three bleeding cases and two nonfatal myocardial infarction 
per 1000 patients. Studies have shown up to 0.13% developing hematoma and bleeding with 
warfarin in comparison to 0% with aspirin [13]. Studies have been done comparing the inci-
dence of VTE, PE, proximal DVT, and distal DVT in multimodal prophylaxis methods with 
aspirin and warfarin. They have showed lower incidence of all types of thromboses with 
aspirin group [14].

Warfarin: warfarin is a vitamin K antagonist. It has been used extensively for DVT prophylaxis 
since decades. It was the first oral anticoagulant. However, the usage is restricted by the bleeding 
risk, potential drug interaction, and requirement for constant monitoring (INR). Warfarin inhibits 
the maturation of vitamin k-dependent coagulation factors in the coagulation cascade. Multitude 
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of studies has been carried out comparing the efficacy of warfarin and LMWH. Majority of them 
showed LMWH was a more effective agent to prevent DVT formation (P < 0.05), but no differ-
ence to warfarin in preventing symptomatic events including PE [15]. Though regular INR mon-
itoring is needed with warfarin, it significantly reduced the incidence of DVT when compared to 
aspirin but less effective than LMWH [11].

Low molecular weight heparins (LMWHs): another widely used drug is low molecular weight 
heparin (LMWH). LMWHs are fragments of heparin produced by chemical or enzymatic 
depolymerization. LMWH has the highest efficacy in terms of preventing VTE. Few available 
ones are enoxaparin, dalteparin, and tinzaparin. Among these three, only two (enoxaparin 
and dalteparin) are indicated in major orthopedic surgery [16]. The ACCP recommends the 
use of LMWH in preference to other agents [17]. With the use of LMWH, the rate of fatal PE 
is reduced to 0.04% (from 0.16%), but the rate of clinically significant bleeding increased from 
1.67% to 2.22% [18]. Its advantages are predictability, dose-dependent plasma levels, no need 
for regular monitoring, a long half-life and less bleeding for a given antithrombotic effect, low 
risk of immune-mediated thrombocytopenia, and heparin-induced osteoporosis.

Novel oral anticoagulants: since 2000, newer oral anticoagulants were introduced, collectively 
known as novel oral anticoagulants. They inhibit specific steps in the coagulation pathway. 
New oral anticoagulants include two classes of drugs—direct thrombin inhibitors and factor 
Xa inhibitors. Factor Xa inhibitors are mainly rivaroxaban and apixaban. They act by binding 
to the active site of factor Xa, thus inhibiting the interaction with its substrate. Dabigatran is 
the first FDA-approved direct thrombin inhibitor. Another DTI—Ximelagatran—was intro-
duced but had to be withdrawn from market in 2006 as the FDA-denied approval (Figure 4).

The advantages of these agents are rapid onset of action, predictable anticoagulant response, 
no need for monitoring, wider therapeutic index, fewer drug–drug and drug-food interac-
tions, reduced or comparable rates of thrombosis, bleeding, and other adverse events, and 
being orally administered, it is convenient and compliant. Many studies have come up with 
conflicting conclusion regarding these molecules.

Figure 4. The new oral anticoagulants and their mode of action.
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Rivaroxaban: these US FDA-approved drugs were launched after four phase III trials. Studies 
showed that these groups of drugs showed to be more effective than LMWH in reducing 
overall VTE incidence and mortality rate in TKA patients with no additional risk of bleed-
ing [19, 20]. But most of the large-scale studies have shown increased risk of bleeding with 
rivaroxaban when compared to LMWH even though statistically not significant. Apart from 
the drug reactions and risk of bleeding, these have drug interactions with NSAIDs which the 
treating surgeon has to be aware of (Figure 5).

Apixaban: it is another class of DTI with similar mechanism of action as of dabigatran. It exerts 
minimal impact on PT, INR, and aPTT. American College of Cardiology (ACC) and American 
Heart Association (AHA) in 2011 released a focused update recommendation on dabigatran 
vs. warfarin comparison which stressed its use as an alternative to warfarin in patients with 
increased risk of developing deep vein thrombosis.

Dabigatran: it is a direct thrombin inhibitor which cleaves both free and fibrin-bound 
thrombin. FDA investigated the rates of GI bleed and intracranial hemorrhages with dabi-
gatran and warfarin and initially concluded that they both showed similar results. But 
a similar trial in Europe (RE-ALIGN trial) was stopped as the dabigatran users showed 
higher incidence of strokes, heart attacks, and thrombosis on prosthetic heart valves. 
Hence, it is not advised in patients with renal/hepatic impairment or prior history of GI 
bleeds or recent ulcers.

Figure 5. Figure showing the characteristics of rivaroxaban.
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4.1.3. Multimodal methods

Combining mechanical and pharmacological prophylaxis enables greater reduction of the 
risk of DTV. It also reduces the dosage of anticoagulants and thus the risk of bleeding, 
and achieves the same or even better thromboprophylaxis than monotherapy. Classifying 
patients into low or high risk of developing VTE is advocated. Low-risk patients received 
aspirin and intermittent calf compression, whereas high-risk patients received LMWH or 
warfarin and intermittent calf compression. All patients have to be mobilized within 24 h 
of surgery.

Few studies have advocated less potent pharmacological agents for low-risk patients and 
more potent agents for high-risk patients as the results showed negligible incidence of DVT, 
PE, and wound hematoma in both the groups [21]. Few recent studies show superior effects 
for aspirin in multimodal thromboprophylaxis when compared to warfarin [13, 14, 22].

4.1.4. Concerns with thromboprophylaxis

The risks associated with thromboprophylaxis are mainly hemorrhage, wound hematoma, 
persisting wound drainage, failure of wound healing, risk of infection, and blood loss 
requiring transfusion. One of the main drawbacks of initiating thromboprophylaxis is the 
high incidence of major bleeding, reaching up to 4–7.9% [23]. More potent the prophylactic 
agent, more the incidence. Oral agents hence have lower bleeding rates [15]. A study on 290 
patients post-TJA using 10-day course of inj. enoxaparin 30 mg twice daily showed high 
incidence of 3–5% of readmission, re-exploration, and prolonged hospitalization for wound 
drainage and bleeding [24]. There were increased rates of return to the operating room for 
wound complications, wound drainage for more than 7 days, and incidence of symptom-
atic DVT in 3.8% patients and nonfatal PE in 1.3% patients. Parvizi et al. reviewed 78 septic 
failure cases that underwent revision and showed a direct correlation between excessive 
anticoagulation and development of periprosthetic infection [25]. The occurrence of such 
complications after elective TJA due to the use of prophylactic agents is heartbreaking to 
most surgeons.

Also, timing of initiation of the prophylaxis is also debated. Two schools of thought are initia-
tion of LMWH 12 h preoperative and 12 h postoperative. Earlier initiation of prophylaxis has 
shown greater efficacy in preventing DVT but also causes a higher incidence of bleeding. The 
decision about which agent and when to initiate chemoprophylaxis should be based on the 
balanced efficacy-bleeding ratio of the prophylactic agents [26].

There is still no consensus on the duration of the use of prophylaxis too. The recently released 
new AAOS guidelines do not provide a specific duration for prophylaxis [27]. Earlier ACCP 
guidelines advocated a minimum of 10 days of prophylaxis, with extended prophylaxis up 
to 35 days. AAOS advised different duration for different agents: LMWH/fondaparinux for 
7–12 days and aspirin/warfarin for 6 weeks. Extended prophylaxis with only LMWH was 
effective post THA, but not TKA [28].
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5. Current trend

Ideal DVT prophylaxis method still remains an enigma. The choice is based on patient char-
acteristics and surgeon’s experience. Aspirin is recognized as a primary chemoprophylactic 
agent with the adaptation of the recent ACCP guidelines by the Surgical Care Improvement 
Project (SCIP). They strongly endorse risk stratification for VTE prophylaxis and opined 
that aspirin will become the mainstay of prevention of VTE for the majority of patients after 
TJA. Thus, we could optimize outcomes for our patients, by preventing the feared VTE while 
limiting bleeding complications that can occur with other aggressive anticoagulants [29]. 
Identifying and stratifying the patients at risk for DVT remains a challenge. As a general con-
sensus, it is taken that patients post TJA can receive aspirin as thromboprophylaxis without 
much risk. But, those patients at very high risk may need more potent agents and careful 
monitoring [30].

Further research is needed to identify patients at major risk and probability of VTE and bleed-
ing. The current clinical guidelines provide an orthopedic surgeon with more latitude, and 
choices of VTE prophylaxis without emphasis on aggressive chemical, and often unneeded 
prophylaxis. The key to determining the appropriate chemical prophylaxis for patients is to 
balance safety and efficacy while minimizing bleeding. Modern arthroplasty surgeons advo-
cate early postoperative mobilization and use of mechanical prophylaxis in combination with 
chemoprophylaxis according to the risk stratification, which of course seems to be a reason-
able safer approach.
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Abstract

Proper limb and component alignments as well as soft tissue balance are vital for the 
longevity and optimal long-term outcomes of total knee arthroplasty (TKA). The majority 
of orthopedic surgeons agree that the total arthroplasty procedure in valgus knees with a 
deformity of more than 10° is technically demanding and may prove challenging. At the 
time of operation, the bone and soft tissue abnormalities that should be corrected make 
accurate axis restoration, correct component positioning and joint stability attaining a 
difficult task. Specific pathologic anatomic changes associated with valgus knee should 
be understood preoperatively and estimated so as to select the proper surgical method, 
to enhance component position and to restore soft-tissue balancing. The purpose of this 
chapter is to consider all the valgus knee anatomical variations, to analyze the best pre-
operative planning and to evaluate the type of implant, constrained or not. Lastly, it will 
also be underlying the current main approaches and techniques to be proposed in the 
literature for both bone cuts and soft tissue management of valgus knees and if minimally 
invasive techniques can be performed in severe deformed knees.

Keywords: valgus, knee, arthroplasty, lateral approach, medial approach

1. Introduction

Angular deformities around the knee joint necessitate special consideration to restore nor-
mal alignment during total knee arthroplasty (TKA). In the region of 10–15% of patients 
requiring a primary TKA present with a valgus deformity (VD), the accurate correction 
of which still poses a challenge [1]. Excessive preoperative malalignment predisposes to a 
greater risk of failure compared to well-aligned knees [2]. For this reason, the restoration of 
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the normal mechanical axis of the knee and the balance of the surrounding soft tissues have 
to be observed to be important for the final outcome of knee replacement operations [2–5]. 
Thus, the severely valgus deformed knees are associated with a worse outcome when com-
pared with their varus counterparts [5].

The etiologic parameters of knee VD are different and multifactorial from congenital to second-
ary such as primary osteoarthritis. More specifically, inflammatory arthritis (rheumatic diseases), 
primary osteoarthritis, posttraumatic arthritis (as a result of a tibial malunion, physeal arrest, or 
tibial plateau fracture), or overcorrection from a high tibial osteotomy for a preexisting varus 
deformity are the main etiologies in adults with [2, 6]. However, a significant percentage of adults 
with lateral compartment arthritis and concomitant VD represents unresolved physiologic val-
gus deformed knees. Infrequently, persistence of genu valgus from childhood may exist second-
ary to metabolic disorders, such as rickets and renal osteodystrophy [7]. Overwhelmingly, the 
most common etiology of VD knees is primary osteoarthritis and secondly rheumatoid arthritis 
and posttraumatic arthritis, whereas other inflammatory disorders and osteonecrosis are scarce 
etiologies based on the main clinical series that utilized TKA in the last two decades [1–5, 8–16].

The valgus deformity is sustained by anatomical variations divided into bone remodeling and 
soft tissue contraction/elongation, and usually it is a combination of primary or secondary 
bone and soft-tissue abnormalities. These include contracted lateral capsular and ligamentous 
structures, lax medial structures, and acquired or preexisting bony anatomic deficiencies. This 
constellation of pathology makes attaining soft-tissue balance when the knee is returned to 
physiologic alignment extremely difficult [2, 4, 6]. More specifically, the contracted structures 
are the iliotibial band (ITB), the lateral collateral ligament (LCL), the popliteus tendon, and 
the posterolateral capsule (PLC). Rarely, the lateral head of the gastrocnemius and the long 
head of the biceps femoris are affected. Some authors also further described a posterior cruci-
ate ligament (PCL) alteration in valgus knees, but in the literature its influence in maintaining 
the deformity is not universally accepted [2]. The stabilizing structures on the medial side of 
the knee are attenuated. Unlike its varus counterpart, bone tissue variations consist of lateral 
cartilage erosion, lateral condylar hypoplasia and metaphyseal femur remodeling, while the 
tibial plateau is usually less affected [2, 3, 8–10]. The described deformities can lead to a tibial 
external rotation and to a patellar lateral subluxation tendency [11].

In 2005, Ranawat described three grades of VD [1]. More specifically, in Grade-I (80%), the 
deformity is less than 10° and is passively correctable, whereas it is characterized by an intact 
medial collateral ligament (MCL). In Grade-II (15%), the axis deviation ranges between 10° 
and 20°, whereas the MCL is elongated but functional; and in Grade-III (5%), the axis devia-
tion is more than 20°. All the medial stabilizing elements are typically not functional so a 
constrained implant usually is required [1, 10].

Understanding the specific pathologic anatomic changes associated with the valgus knee is a 
prerequisite so as to select the proper surgical method, to optimize component position and 
restore soft-tissue and gap balance [17]. Over the last 20 years, numerous approaches and 
soft-tissue procedures have been proposed to perform TKA in VD with the purpose to restore 
and maintain the limb’s anatomical axis. In this chapter, we overview the most common 
approaches, we analyze the different techniques of succeeding anatomical axis restoration and 
soft tissue and gap balance, and lastly we present the literature up-to-date long-term results.

Primary Total Knee Arthroplasty56

2. Clinical examination and preoperating planning

Total knee arthroplasty (TKA) with valgus release is indicated when both mechanical 
and pharmacological nonoperative treatment modalities for end-stage degenerative joint 
disease have failed to relieve pain. The major contraindication to TKA is infection, and 
relative contraindications include young age, high activity level, and obesity [18]. Clinical 
evaluation and radiological assessment are extremely important as part of the TKA preop-
erating planning.

2.1. Knee physical examination

Patients with end-stage degenerative joint disease and valgus knee deformity have significant 
pain, limitation of daily living activities, increasing angular deformity, and increasing instability. 
In mild to severe VD, there is important ROM limitation, and in many cases night pain awakes 
the patient.

During standard physical examination for end-stage degenerative knee disease, the orthopedic 
physician should assess the patient’s overall alignment both in the supine and weight-bearing 
positions, and the gait should be observed, in order to identify other dynamic instabilities 
(Figure 1). Both sagittal deformity (as fixed flexion contracture or recurvatum) and rotational 
deformity must be attended. Furthermore, the knee range of motion should be measured; the 

Figure 1. Valgus left knee in standing position.
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extensor mechanism status and the patellofemoral joint should be evaluated and measured 
[2, 6, 11].

In addition, preoperative clinical examination plays a major role for the orthopedic surgeon to 
determine whether the deformity is fixed, correctable or unstable. The knee should be further 
evaluated for anteroposterior laxity, coronal and sagittal deformity, and mediolateral instabil-
ity [3]. It is very crucial to assess if VD is fixed (Ranawat Grade III) or still reducible (Ranawate 
Grade II or I). In fixed deformity, the lateral structures are tight and in contrast the medial 
ligaments are partially continent. As a consequence, in these deformities, when the lateral soft 
tissue release is fulfilled, the remaining laxity requires the usage of constrained prosthesis. In 
contrast, in a reducible deformity, soft tissue release is less invasive, and a standard uncon-
strained prosthesis could be used. The orthopedic surgeon would lastly perform a neurovas-
cular examination to differentiate a possible lumbosacral or vascular disease [2, 9–11].

2.2. Radiographic evaluation

After the clinical assessment, the mandatory preoperative planning radiographs of three classic 
views of the affected knee are: standing anteroposterior, lateral (profile), and sunrise (Figure 2). 
The limb axis deviation measurement with long film standing views or CT-scan with anterior 

Figure 2. Anteroposterior X-ray in standing position for measuring valgus deviation.
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orientation of the patella is very useful and important [3]. It has been mentioned that rotation 
up to 20° has little effect on the measurement of the femorotibial axis deviation [19].

Based on our experience, in cases of serious bone stock deficiency, a knee computer tomog-
raphy will be helpful. Attention should be paid to lateral distal femoral hypoplasia, posterior 
femoral condyle erosion and metaphyseal remodeling both of the femur and tibia, which can 
lead to malalignment or malrotation of the femoral component and which could be better 
measured with CT. The patellofemoral joint may also be partially dislocated.

The anteroposterior and lateral X-ray views would further aid to evaluate the amount of osse-
ous resection needed to correct deformities without leading to knee instability. A precise knee 
profile view is helpful for assessing the tibial slope, and the height of the patella (alta or baja) 
based on the Insall-Salvati ratio. In addition, the 30° flexion patellofemoral view will help to 
evaluate if patella is centered in troxilia (centered, subluxation, luxation) [2, 11, 20].

In order to measure the VD level and plan the amount of surgical correction (templating), a 
weight-bearing long leg X-ray view is fundamental so as to evaluate the lower limb alignment 
(mechanical and anatomical axis) (Figure 3). Stress radiographs or fluoroscopic examination 
may be used to determine the amount of medial instability [2]. A baseline electromyogram 
should be made for patients presenting with symptoms such as hypoesthesia, dysesthesia, 
and paresthesia that may be attributed to lumbosacral disease [2, 11].

2.3. Templating

In the radiographic weight-bearing anteroposterior view of the knee, a template of bone 
cuts should be performed in consideration with the prosthesis type and design that will be 
implanted in the candidate for TKA. Two lines are drawn: one line on the tibial anatomical 
axis and afterward a perpendicular one at the level of the lateral tibial plateau. In that way, 
the surgeon will have an indication for the tibial resection [2, 4]. Firstly, the femoral anatomi-
cal axis is drawn and secondly the line with the desired amount of remaining valgus (usually 
3°) at the level of the intercondylar notch [4]. The orthopedic surgeon should also observe the 

Figure 3. Anteroposterior X-rays in standing position of Valgus knees in different grades.
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Figure 2. Anteroposterior X-ray in standing position for measuring valgus deviation.
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orientation of the patella is very useful and important [3]. It has been mentioned that rotation 
up to 20° has little effect on the measurement of the femorotibial axis deviation [19].
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Figure 3. Anteroposterior X-rays in standing position of Valgus knees in different grades.
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posterior capsule’s presence of osteophytes, on the knee X-ray lateral view. Lastly, the lateral 
view can be further used for sizing the femoral component and for locating the entry point of 
the femoral canal [1, 11, 17].

2.4. Component selection

During preoperating planning, the orthopedic surgeon selects the implant. The selection should 
be carried out based on the clinical evaluation and the radiological measurements, but the final 
decision should be taken during the operation and after the knee bone cuts and soft-tissue bal-
ancing. That is why valgus knee surgeons always have plane A and plane B in the prosthesis 
selection (constrained component, VVC or classical), especially in severe deformed knees.

Preferably, in proper restored soft-tissue balancing, a minimally constrained component can be 
implanted. Nevertheless, if significant deformity necessitates posterior cruciate ligament (PCL) 
sacrifice for soft-tissue balancing, the majority of surgeons agree that a more constrained pos-
teriorly stabilized (PS) component must be used [6]. PS knee components provide some degree 
of posterior stabilization as well as protection against posteromedial, posterolateral, straight 
medial, or straight lateral translation, but it will not protect against residual medial laxity, 
which is one of the major considerations in achieving proper balance in VD knees [9, 10, 18].

The debated issue between posterior-stabilized (PS) and cruciate-retaining (CR) implants in 
VD is that the PCL is often contracted and it may limit the deformity correction [10, 21]. It is 
true that in specific cases, the deformity correction with an intact PCL may be difficult to be 
obtained, as the PCL is a secondary stabilizer [22, 23]. Above and beyond, the PS design is 
more stable than a CR one due to the post-cam mechanism, and the PS design allows greater 
lateralization of the femoral and tibial components that improves the patella tracking and 
minimizes the necessity performing a lateral retinacula release [1, 2]. For these reasons, in VD 
knees, some orthopedic surgeons prefer a contracted PCL with a PS design as simplest as to 
stabilize it by using a CR implant [6].

McAuley et al. also presented that CR implants could be used in a wide range of VD osteo-
arthritic knees and that survival is improved when the LCL and/or the popliteus tendon are 
preserved. Release of both the PCL and popliteus is one of the two factors that made revision 
resulting from wear, osteolysis, or instability more likely, whereas, release of both the LCL and 
popliteus increased the likelihood of revision by 19.9 times due to more mediolateral laxity [24].

A debated issue is the amount of constraint needed to balance a VD knee. Favorito et al. pro-
posed that the surgeons should resist the temptation, if possible, of a more highly constrained 
prosthesis. Although a highly constrained component may be necessary in difficult revision 
cases, they are infrequently necessary for primary arthroplasties [6]. In severe VD knees, the 
problem is that the PCL may be stretched or elongated, which means nonfunctional and these 
knees require either an ultra-congruent (VVC or hinged) or PC component.

Additionally, in extremely deficient lateral femoral condyle valgus knees, the usage of com-
ponent augmentation blocks may be required. That is because the lateral femoral condyle 
may have had little or no distal femoral bone resected or, similarly, little to no bone resected 
from the chamfer and posterior cuts; then component augmentation blocks may be required 
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[4, 6]. Nevertheless, if press-fit femoral component is being performed, then as long as native 
bone is resting on the medial-posterior side of the chamfer cuts, then the remaining lateral 
defect can be filled with autograft bone taken from other cuts during the procedure [1, 6].

3. Surgical approach and technique

In order to understand and perform the valgus knee operative procedure, the orthopedic 
surgeons should consider that the lateral stabilizers are of two types: (1) the lateral collateral 
ligament (LCL) and the popliteal tendon who insert near the flexion-extension axis and act 
in both knee extension and flexion and (2) the fascia lata, the posterolateral articular capsule 
(PLC), the biceps and the external gastrocnemius muscles who insert remotely with respect to 
the axis and act only in extension [17, 25].

Many and various protocols of progressive step-wise release have been proposed during the 
last two decades, and as a consequence, the sequence of the lateral release remains controver-
sial. In 2003, the SOO (Societe d’Orthopedie de l’Ouest—Western France Orthopedics) Society 
presented a classification system of four types of valgus knee, with increasing surgical dif-
ficulty to be distinguished from Type I to IV. More specifically, in Type I valgus knees, the 
deformity can be completely reduced, without medial laxity, and with no particular prob-
lems whereas a medial approach is possible. In case of course of patellar dislocation, a lat-
eral approach is recommended. In Type II valgus knees, the deformity is totally or partially 
irreducible, nonetheless without medial laxity, and is the most frequent; and lateral release is 
required. In Type III, the deformity is reducible, but with medial distension laxity, and then 
the medial laxity should be managed. Lastly, in Type IV, the deformity is irreducible, with 
medial distension laxity, and a combination of Types II and III problems [25].

3.1. Anterolateral approach

Keblish [11] was the first, in 1991, to recommend a lateral capsular approach for TKA in the 
valgus knee, and the technique was refined by Buechel [25]. It has been proved unpopular 
because it is considered to be technically more demanding as elevation of the tibial tubercle 
was also recommended. On the other hand, Whiteside in 1993 [27] and Bulki et al. in 1999 
showed the outcome in VD knees with lateral approach and tibial tubercle osteotomy (TTO) 
[28]. The disadvantage of this approach is the TTO, which is necessary for eversion of the 
patella. In 1998, Fiddian et al. presented a modified lateral capsular approach with reposition-
ing of vastus lateralis in VD knee arthroplasties with very good results [29].

A longitudinal incision along the lateral border of the quadriceps muscle was described by 
Keblish [11], always taking care to leave 1 cm of the lateral retinaculum, from the junction 
between the vastus lateralis and the quadriceps tendon to the patella, through 50% of the ten-
don. In difficulty of the lateral closure, it was proposed two different tricks to be facilitated. 
On the one hand, approximation of the infrapatellar fat pad to the patellar ligament; and on 
the other hand, separation of the vastus lateralis from the rectus femoris, followed by suturing 
together the two tendons in a staggered position [11].
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In the anterolateral approach, as described in detail by Nikolopoulos et al. [4, 17], a straight 
midline skin incision is followed by a lateral parapatellar capsulotomy. The ITB is next ele-
vated from Gerdy’s tubercle. Also, in order to medially displace the patella, TTO is performed 
laterally, leaving the soft tissues intact medially. The TTO length measures 5–6 cm, whereas 
proximally, at the upper part of the patellar tendon insertion, the transverse part of the oste-
otomy prevents proximal migration. The tibial tubercle is hinged medially, hence offering a 
wide exposure of the joint surface (Figure 4).

Tibial resection is done—directing the level of the cut perpendicular to its longitudinal axis. 
After removal of the osteophytes, especially in the lateral tibial plateau, a resection must 
always be performed from 6 to 8 mm in the medial compartment (Figure 5). In cases of severe 
bony deformity of the tibial plateau, no bone may be resected on the lateral side so as medial 
over-resection or malaligned cuts to be avoided [2].

The distal femoral cut is done in 3° of valgus in relation to the femoral axis. The distal femoral 
cut at 3° only, instead of 5–7° that applies in varus knees, protects against under-correction. A 
slightly more varus result has been proposed during TKA for VD to counteract any tendency 
for the knee to shift back into valgus [11]. In order to avoid elevation of the joint line, caution 
should be taken so as the lateral femoral condyle not to be over-resected [4]. In severe VD of 
the distal femur, Rossi et al. proposed [2] no lateral condyle distal femoral resection or mini-
mal (1–2 mm) resection. Also the femoral resection in the medial condyle should be no more 
than 10 mm (usually 7–8 mm). The surgeon should also pay attention to the lateral condylar 
hypoplasia in VD that can determine a great intra-rotation of the components if a posterior 
reference is used [2]. Both the AP axis of Whiteside and the epicondyle axis are used to assess 
and confirm the orientation of the femoral cut [3, 4]. Arima et al., taking into consideration this 
aspect, utilized the usage of the anteroposterior axis so as to give the proper femoral rotation 
in valgus anatomy [30]. In cases of severe trochlear dysplasia, the Whiteside line is extremely 
difficult to be identified, so the epicondylar axis or parallel to the tibial cut technique must be 
used to assess a correct femoral rotation [2].

At this phase, especially for tight knees in flexion, the sub-periosteal POP and LCL elevation 
from the epicondyle is performed. In tight knees, PLC release could be performed in both flex-
ion and extension. During closure, the tibial tuberosity is generally fixed to its original posi-
tion or slightly more medially in cases that the patella tends to track laterally and dislocate. 

Figure 4. Surgical procedure of the tibial tubercle osteotomy stages (TTO).
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Therefore, tibial tubercle transfer is necessary for satisfactory alignment. Tibial tubercle fixation 
can be performed even with two 4.5 mm cortical screws or with three wire loops (preferred). 
The oblique direction of the wire loops offers better resistance to proximal directed forces [4]. 
Patellar tracking was finally checked with the “no-thumb” test.

Τhe main reasons and advantages considered of the group of orthopedic surgeons [1–4] pre-
ferring the anterolateral procedure are mainly three. Firstly the lateral release, as part of the 
approach, is usually necessary in VD knees and it does not seriously impair the extensor 
mechanism vascular supply as in medial arthrotomy. Secondly, the lateral approach facili-
tates the release of the lateral contracted elements, offering better surgical view and lastly the 
possibility to medicalize the tubercle if required improves the patella tracking [2, 4].

3.2. Anteromedial approach

The anteromedial is the standard approach being used commonly all these decades by the 
surgeons in the VD knees and with no contraindications [1–6]. A straight midline skin inci-
sion is performed, followed by a standard medial parapatellar arthrotomy. The tibial and 
femoral bone cuts followed the same technique as the one described in the anterolateral 
approach. In order to achieve optimal soft tissue balancing, as contracture of the ITB is noted 
with the knee in full extension, release is performed by elevation from Gerdy’s tubercle or 
fractional lengthening with multiple stab wounds. An additional release includes the LCL 
from the distal part of the femur and popliteus [4]. In most cases with mild to severe VD, 
release of the posterolateral capsule is performed. The PLC is released either from the distal 
part of the femur, with the knee in flexion, using a curved osteotome; or with the knee in 
full extension, fractionally lengthening by means of multiple stabs punctures (“pie crust” 
technique) [1, 32]. Finally, lateral retinacular release is required to facilitate patellofemoral 
tracking. Tracking of the extensor mechanism is again evaluated with use of the appropriate 
lift-off test [3, 4].

Figure 5. During operation, fixing the tibial tuberosity osteotomy with three loops.
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The main disadvantage of the medial approach is that it is more difficult to reach the postero-
lateral corner during the lateral soft tissue release. For this reason, sometimes a TTO is neces-
sary. Additionally, in cases that a medial parapatellar approach is combined with a lateral 
release, patellar vascular damage has been described [26].

3.3. Soft tissue balancing

3.3.1. Lateral soft tissue

It is accepted worldwide that the lateral structure release is necessary in VD knees. Nevertheless, 
there is an open debate on the subject of the best sequence and the best technique to perform 
those releases. In the abovementioned part, our experience was presented [3, 4], in accordance 
with the main ideas of other researchers [11, 26–29, 31–34]. In that part, the literature differ-
ent proposals for soft tissue balancing of the retracted lateral structures of VD knees would 
be analyzed. More specifically, the releases should be performed with the knee extended and 
by using lamina spreaders to check the tension of the medial and lateral compartments. After 
each release, evaluation of the alignment and the stability of the knee should be performed in 
order to achieve a symmetrical rectangular extension and flexion gaps with the spacer block 
in situ [2, 35].

First, Krackow et al. presented in type I valgus knees the release of the ITB and the LCL, fol-
lowed by the PLC, POP and the lateral head of the gastrocnemius muscle (when necessary) 
[10]. In type II valgus deformities, a medial ligamentous reconstruction was also proposed, 
either proximal or distal advancement of the medial ligament mechanism according to the 
surgeon’s preference. Buechel presented simultaneously a sequential three-step lateral release 
for correcting fixed VD knees during TKA, which included firstly elevation of the ITT from 
Gerdy’s tubercle, secondly the LCL and PT, and lastly the entire periosteum of the fibular head. 
Ligament balancing was achieved when the knee was aligned in both the frontal and sagittal 
planes with a medial and lateral opening of 2–3 mm when forced valgus and varus stress were 
applied at 5° of flexion.

Ranawat et al. described a stepwise technique in which the first structure to be released was 
the PCL; and afterward, a PLC intra-articular release by using an electrocautery at the level of 
the tibial cut surface. The ITB is released when necessary with multiple “inside-out” stab inci-
sions as well as the LCL. These multiple transverse stab incisions, the so-called “pie-crusting” 
technique, are performed a few centimeters proximal to the joint line of the ITB with a no. 15 
surgical blade, lengthens as necessary the lateral side. On the contrary, the POP is normally 
preserved [1]. Clarke et al. [36] and Aglietti et al. [37] performed the pie-crust technique with 
excellent results. It is believed that the pie-crusting technique reliably corrects moderate to 
severe fixed valgus deformities with a low complication rate and reasonable mid-term results. 
The multiple punctures reduce the risk of posterolateral instability allowing gradual stretch-
ing of the lateral soft tissues and preserving the popliteus tendon [36]. Nevertheless, one of 
the disadvantages of this technique is the potential risk of peroneal nerve lesion [1, 36, 37]. In 
a cadaveric study, Bruzzone et al. observed that the nerve is at overall risk during the release 
of the PLC, in the triangle defined by the POP, the tibial cut surface and the most posterior 
fibers of the ITB (“danger zone”), but not during the pie-crusting of the ITB (“safe zone”) [38].

Primary Total Knee Arthroplasty64

As the LCL is the tightest more common structure, then it is the first structure to be released 
according to Favorito et al. The next sequential release follows is the POP (an important struc-
ture for rotational and valgus stability in flexion), the PLC, the femoral insertion of the LHG 
and, finally, the ITB [6].

Whiteside described a sequence of soft tissue release based on the anatomic function of liga-
ments in flexion and extension consistently. A ligament attached to the femur near the epi-
condyles, so near the axis through which the tibia rotates and the knee flexes and extends, 
has an important role in flexion stability. Conversely, a ligament attached far away from the 
epicondyle is more important for the extension knee stability. Thus, for knees that are tight in 
flexion and extension, the LCL and POP tendon are released. For those knees that remain tight 
only in extension, ITB release is needed. Posterior capsular release is performed only when 
necessary for persistent lateral ligament tightness [39].

In 1999, Krackow and Mihalko published a cadaveric study that assessed the amount of cor-
rection achieved in each step of release, comparing it in flexion and extension. The sequences 
on the one hand were ITB, POP, LCL, and LHG; and on the other hand LCL, POP, ITB, and 
LHG. They evaluated the amount of correction at 0°, 45°, and 90° of flexion. The results 
showed that the greatest varus rotation occurred once all structures were released, with the 
LHG origin last in both groups. The largest increase occurred after the LCL release. Then it is 
hypothesized that in severe VD, the LCL should be released first; and POP and ITB should be 
used afterward to grade the release [40].

Boyer et al. emphasized the purpose of the lateral approach in valgus knee arthroplasty, as it 
allows the automatic ITB division and elevation from the Gerdy’s tubercle to be taken in conti-
nuity with the anterior compartment fascia and release of the attachments of the lateral part of 
the femur. More specifically in tight knees in extension, firstly the ITB was released. Afterwards, 
if additional releases are needed, a tight PLC was detached from the posterior condyles or tran-
sected at the level of the tibial cut from PCL insertion to the posterolateral corner. Release of 
the gastrocnemius and the biceps tendon should be considered in cases that the result was not 
sufficient. If the spacer introduced, then the ligament release stops to prevent varus laxity. [41].

In 2002, Brilhault et al. described an alternative technique for lateral structure release in asso-
ciation with a lateral parapatellar approach [42]. More specifically, a sliding osteotomy of the 
femoral LCL and POP insertions is done and the resulting bone block is mobilized and placed 
more distally. Bremer et al. presented in their study excellent result without any conversion 
to semi-constrained or constrained knee prosthesis [43]. Mullaji and Shetty described a more 
accurate repositioning of the epicondyle, after releasing the PLC and the ITB, with the use of a 
computer-navigated system [44]. Computer navigation while performing lateral femoral epi-
condylar osteotomy allows precise, controlled, quantitative lengthening of lateral structures, 
and restoration of optimum soft tissue balance and alignment [45].

3.3.2. Medial soft tissue

Krackow et al. analyzed that in Grade II VD knees, the MCL may not be completely functional 
and a residual medial laxity is poorly tolerated postoperatively. In these conditions, the authors 
suggested tightening the medial ligamentous structures, particularly if the PCL has been retained 
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The main disadvantage of the medial approach is that it is more difficult to reach the postero-
lateral corner during the lateral soft tissue release. For this reason, sometimes a TTO is neces-
sary. Additionally, in cases that a medial parapatellar approach is combined with a lateral 
release, patellar vascular damage has been described [26].

3.3. Soft tissue balancing

3.3.1. Lateral soft tissue

It is accepted worldwide that the lateral structure release is necessary in VD knees. Nevertheless, 
there is an open debate on the subject of the best sequence and the best technique to perform 
those releases. In the abovementioned part, our experience was presented [3, 4], in accordance 
with the main ideas of other researchers [11, 26–29, 31–34]. In that part, the literature differ-
ent proposals for soft tissue balancing of the retracted lateral structures of VD knees would 
be analyzed. More specifically, the releases should be performed with the knee extended and 
by using lamina spreaders to check the tension of the medial and lateral compartments. After 
each release, evaluation of the alignment and the stability of the knee should be performed in 
order to achieve a symmetrical rectangular extension and flexion gaps with the spacer block 
in situ [2, 35].

First, Krackow et al. presented in type I valgus knees the release of the ITB and the LCL, fol-
lowed by the PLC, POP and the lateral head of the gastrocnemius muscle (when necessary) 
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for correcting fixed VD knees during TKA, which included firstly elevation of the ITT from 
Gerdy’s tubercle, secondly the LCL and PT, and lastly the entire periosteum of the fibular head. 
Ligament balancing was achieved when the knee was aligned in both the frontal and sagittal 
planes with a medial and lateral opening of 2–3 mm when forced valgus and varus stress were 
applied at 5° of flexion.

Ranawat et al. described a stepwise technique in which the first structure to be released was 
the PCL; and afterward, a PLC intra-articular release by using an electrocautery at the level of 
the tibial cut surface. The ITB is released when necessary with multiple “inside-out” stab inci-
sions as well as the LCL. These multiple transverse stab incisions, the so-called “pie-crusting” 
technique, are performed a few centimeters proximal to the joint line of the ITB with a no. 15 
surgical blade, lengthens as necessary the lateral side. On the contrary, the POP is normally 
preserved [1]. Clarke et al. [36] and Aglietti et al. [37] performed the pie-crust technique with 
excellent results. It is believed that the pie-crusting technique reliably corrects moderate to 
severe fixed valgus deformities with a low complication rate and reasonable mid-term results. 
The multiple punctures reduce the risk of posterolateral instability allowing gradual stretch-
ing of the lateral soft tissues and preserving the popliteus tendon [36]. Nevertheless, one of 
the disadvantages of this technique is the potential risk of peroneal nerve lesion [1, 36, 37]. In 
a cadaveric study, Bruzzone et al. observed that the nerve is at overall risk during the release 
of the PLC, in the triangle defined by the POP, the tibial cut surface and the most posterior 
fibers of the ITB (“danger zone”), but not during the pie-crusting of the ITB (“safe zone”) [38].
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As the LCL is the tightest more common structure, then it is the first structure to be released 
according to Favorito et al. The next sequential release follows is the POP (an important struc-
ture for rotational and valgus stability in flexion), the PLC, the femoral insertion of the LHG 
and, finally, the ITB [6].
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has an important role in flexion stability. Conversely, a ligament attached far away from the 
epicondyle is more important for the extension knee stability. Thus, for knees that are tight in 
flexion and extension, the LCL and POP tendon are released. For those knees that remain tight 
only in extension, ITB release is needed. Posterior capsular release is performed only when 
necessary for persistent lateral ligament tightness [39].

In 1999, Krackow and Mihalko published a cadaveric study that assessed the amount of cor-
rection achieved in each step of release, comparing it in flexion and extension. The sequences 
on the one hand were ITB, POP, LCL, and LHG; and on the other hand LCL, POP, ITB, and 
LHG. They evaluated the amount of correction at 0°, 45°, and 90° of flexion. The results 
showed that the greatest varus rotation occurred once all structures were released, with the 
LHG origin last in both groups. The largest increase occurred after the LCL release. Then it is 
hypothesized that in severe VD, the LCL should be released first; and POP and ITB should be 
used afterward to grade the release [40].

Boyer et al. emphasized the purpose of the lateral approach in valgus knee arthroplasty, as it 
allows the automatic ITB division and elevation from the Gerdy’s tubercle to be taken in conti-
nuity with the anterior compartment fascia and release of the attachments of the lateral part of 
the femur. More specifically in tight knees in extension, firstly the ITB was released. Afterwards, 
if additional releases are needed, a tight PLC was detached from the posterior condyles or tran-
sected at the level of the tibial cut from PCL insertion to the posterolateral corner. Release of 
the gastrocnemius and the biceps tendon should be considered in cases that the result was not 
sufficient. If the spacer introduced, then the ligament release stops to prevent varus laxity. [41].

In 2002, Brilhault et al. described an alternative technique for lateral structure release in asso-
ciation with a lateral parapatellar approach [42]. More specifically, a sliding osteotomy of the 
femoral LCL and POP insertions is done and the resulting bone block is mobilized and placed 
more distally. Bremer et al. presented in their study excellent result without any conversion 
to semi-constrained or constrained knee prosthesis [43]. Mullaji and Shetty described a more 
accurate repositioning of the epicondyle, after releasing the PLC and the ITB, with the use of a 
computer-navigated system [44]. Computer navigation while performing lateral femoral epi-
condylar osteotomy allows precise, controlled, quantitative lengthening of lateral structures, 
and restoration of optimum soft tissue balance and alignment [45].

3.3.2. Medial soft tissue

Krackow et al. analyzed that in Grade II VD knees, the MCL may not be completely functional 
and a residual medial laxity is poorly tolerated postoperatively. In these conditions, the authors 
suggested tightening the medial ligamentous structures, particularly if the PCL has been retained 
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[44]. A small bone plug with the attached insertion of the PCL, and the PLC is removed from the 
tibia and moved distally, securing it with transosseous sutures. In this technique, the MCL is 
tightened by moving a bone block distally with its tibial insertion [45].

The advancement of the MCL from the epicondyle or a division and imbrication in order to 
tighten it can be performed in conjunction with the use of constrained condylar prosthesis [6].

3.4. Clinical results

Accurately restoring the mechanical axis (MA) of the limb, aligning components, and properly 
balancing soft tissue—as already mentioned—are vital for the long-term success of TKA [1–6]. In 
the last three decades, a number of different surgical techniques have been described for TKA, in 
severe valgus deformed knees [1–6, 9–11, 18, 31–34]. The distal femoral cut at 3° only, instead of 
5–7° that applies in varus knees, protects against under-correction. A slightly more varus result 
has been proposed during TKA for VD to counteract any tendency for the knee to shift back into 
valgus [31]. Miyasaka et al. in their 10- to 20-year follow-up study presented successful bony 
alignment in 75% of cases by having a postoperative valgus alignment between 2° and 7° [22].

Above and beyond, on the subject of ligament balancing, there is no consensus regarding 
the sequence in which the lateral elements should be released in valgus knees. Starting with 
Insall et al. [46], in 1979, who described a soft-tissue balancing technique in which the ITB was 
divided transversely above the joint line, while the lateral aspect of the capsule, the LCL and 
the POP tendon were detached from the lateral femoral condyle [9, 46]. The excellent or good 
results referred was 93%; with limited posterior subluxation (<3%) and 3.6% reoperation rate 
in 5 years [45] and 6.7% in 12 years [47].

Afterward, other researchers such as Keblish [11], Buechel [26] and Fiddian [27] recommended 
a lateral approach with or without TTO. Keblish preferred lateral approach in VD knees as 
it has a better view; it is direct, anatomical and more “physiological” technique according to 
his opinion that maintains soft-tissue integrity. In 79 cases, Keblish performed the “lateral 
release” as part of the approach and concluded that the patellofemoral tracking and align-
ment stability were optimized and medial blood supply preserved. Clinical experience also 
showed the approach to be more esthetic and the results objectively superior, that is why the 
lateral approach was recommended as the “approach of choice” for fixed VD in TKA. In that 
difficult group of patients, there were good to excellent scores in 94.3% of cases; whereas knee 
stability was enhanced with the use of nonconstrained prostheses [11].

Furthermore, Buechel recommended the lateral approach with TTO in order to regain neutral 
alignment in VD of up to 90° and then to correct the fixed external tibial rotation deformity [26]. 
Fiddian et al. performed the lateral approach with repositioning of vastus lateralis at closure, 
with good to excellent results in 25 cases. The knee ROM and VD restoration were achieved 
in all the 25 cases; apart from two cases that developed 10° and 15° of fixed flexion deformity. 
With the repositioning of vastus lateralis at the end, the normal patellofemoral tracking was 
also restored [29].

Whiteside proposed the sequential releases of the ITB, POP, LCL and the lateral head of gas-
trocnemius; and tibial tubercle transfer when the Q angle was >20° [27]. He referred mean 
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valgus angle at 7° after surgery; but with no alignment or varus-valgus stability deteriora-
tion during the 6-year follow-up period. Nevertheless, in greater than 25° VD, knees had a 
tendency for increased posterior laxity. Lastly, Whiteside presented patellar subluxation and 
dislocation in less than 1% in the study [27].

Conversely, Krackow [10, 40, 45] and Healy [48] recommended medial soft-tissue advance-
ment or reconstruction combined with lateral release. To be more specific, Krackow and 
Mihalko [40] studied in cadavers the flexion-extension joint gap changes after lateral structure 
release for VD correction in TKA and concluded that in severe valgus deformities, the LCL 
should be considered first for release and the POP and ITB be used to grade the release. In 
their series of 99 TKA, the Grade I VD knees (based on Ranawat classification) were treated 
with lateral release versus the Grade II VD knees which were treated with ligament recon-
struction procedures on the medial side. The 72% of the patients referred excellent results 
whereas 18% good, 7% fair, and 2% poor [45]. Healy et al. presented, in Grade II VD knees, 
lateral ITB release in combination with proximal MCL advancement with bone plug reces-
sion, with fully stable and functional ROM at 4–9 years follow-up [48].

Apart from Krackow cadaveric study, extremely interesting results published in 2001 by Peters 
et al. who studied the flexion-extension gap symmetry during sequenced release of the lateral 
structures in VD knees. It is concluded that complete release of the ITB at the joint line had a 
more profound effect on the extension than the flexion gap. On the contrary, complete release of 
the LCL/POP from the femur more profoundly affected the flexion than the extension gap; both 
of these release steps produced gap increases that were significant (7–12 mm). Selective frac-
tional lengthening of the ITB, the PLC, and the POP tendon alone produced smaller magnitudes 
of correction, which more symmetrically affected flexion-extension gaps [49].

Above and beyond, in 2004, Politi and Scott referred, good-to-excellent results in TKAs with 
VD >15°, and achieved soft tissue balance, with a lateral cruciform retinacular release, and 
without LCL and POP release in 32 out of 35 cases [50]. In the remaining three cases, the 
extension gap balancing was achieved by adding, apart from the lateral cruciform retinacu-
lar release, the LCL and POP partial release. No further prosthetic constraint was necessary 
following these releases, and these knees have remained clinically stable at their latest mean 
3.4-year follow-up despite the partial release of the LCL and its contribution to flexion gap 
stability [50].

Stern et al. accomplished ligamentous balancing in TKAs with VD >10°, with sequential 
releases from the lateral side of the femur and without MCL reconstruction, achieving 91% 
of good-to-excellent results. The postoperative axis alignment was 5–9° valgus [31]. Likewise, 
Laurencin et al. reviewed TKAs with 25° VD, where lateral retinacular release was accompa-
nied by sequential lateral release achieving postoperative anatomic alignment between 0° and 
10° valgus, in 96% patients [51].

In 2014, Chalidis et al. presented the results of 57 Grade II VD knees that underwent a pri-
mary TKA via lateral parapatellar approach with a global step-cut “coffin” type TTO over a 
10-year period. Postoperatively, there was a significant improvement in knee extension, flex-
ion, Knee Society Pain and Function Scores and WOMAC Osteoarthritis Index. Congruent 
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[44]. A small bone plug with the attached insertion of the PCL, and the PLC is removed from the 
tibia and moved distally, securing it with transosseous sutures. In this technique, the MCL is 
tightened by moving a bone block distally with its tibial insertion [45].

The advancement of the MCL from the epicondyle or a division and imbrication in order to 
tighten it can be performed in conjunction with the use of constrained condylar prosthesis [6].

3.4. Clinical results

Accurately restoring the mechanical axis (MA) of the limb, aligning components, and properly 
balancing soft tissue—as already mentioned—are vital for the long-term success of TKA [1–6]. In 
the last three decades, a number of different surgical techniques have been described for TKA, in 
severe valgus deformed knees [1–6, 9–11, 18, 31–34]. The distal femoral cut at 3° only, instead of 
5–7° that applies in varus knees, protects against under-correction. A slightly more varus result 
has been proposed during TKA for VD to counteract any tendency for the knee to shift back into 
valgus [31]. Miyasaka et al. in their 10- to 20-year follow-up study presented successful bony 
alignment in 75% of cases by having a postoperative valgus alignment between 2° and 7° [22].

Above and beyond, on the subject of ligament balancing, there is no consensus regarding 
the sequence in which the lateral elements should be released in valgus knees. Starting with 
Insall et al. [46], in 1979, who described a soft-tissue balancing technique in which the ITB was 
divided transversely above the joint line, while the lateral aspect of the capsule, the LCL and 
the POP tendon were detached from the lateral femoral condyle [9, 46]. The excellent or good 
results referred was 93%; with limited posterior subluxation (<3%) and 3.6% reoperation rate 
in 5 years [45] and 6.7% in 12 years [47].

Afterward, other researchers such as Keblish [11], Buechel [26] and Fiddian [27] recommended 
a lateral approach with or without TTO. Keblish preferred lateral approach in VD knees as 
it has a better view; it is direct, anatomical and more “physiological” technique according to 
his opinion that maintains soft-tissue integrity. In 79 cases, Keblish performed the “lateral 
release” as part of the approach and concluded that the patellofemoral tracking and align-
ment stability were optimized and medial blood supply preserved. Clinical experience also 
showed the approach to be more esthetic and the results objectively superior, that is why the 
lateral approach was recommended as the “approach of choice” for fixed VD in TKA. In that 
difficult group of patients, there were good to excellent scores in 94.3% of cases; whereas knee 
stability was enhanced with the use of nonconstrained prostheses [11].

Furthermore, Buechel recommended the lateral approach with TTO in order to regain neutral 
alignment in VD of up to 90° and then to correct the fixed external tibial rotation deformity [26]. 
Fiddian et al. performed the lateral approach with repositioning of vastus lateralis at closure, 
with good to excellent results in 25 cases. The knee ROM and VD restoration were achieved 
in all the 25 cases; apart from two cases that developed 10° and 15° of fixed flexion deformity. 
With the repositioning of vastus lateralis at the end, the normal patellofemoral tracking was 
also restored [29].

Whiteside proposed the sequential releases of the ITB, POP, LCL and the lateral head of gas-
trocnemius; and tibial tubercle transfer when the Q angle was >20° [27]. He referred mean 
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valgus angle at 7° after surgery; but with no alignment or varus-valgus stability deteriora-
tion during the 6-year follow-up period. Nevertheless, in greater than 25° VD, knees had a 
tendency for increased posterior laxity. Lastly, Whiteside presented patellar subluxation and 
dislocation in less than 1% in the study [27].

Conversely, Krackow [10, 40, 45] and Healy [48] recommended medial soft-tissue advance-
ment or reconstruction combined with lateral release. To be more specific, Krackow and 
Mihalko [40] studied in cadavers the flexion-extension joint gap changes after lateral structure 
release for VD correction in TKA and concluded that in severe valgus deformities, the LCL 
should be considered first for release and the POP and ITB be used to grade the release. In 
their series of 99 TKA, the Grade I VD knees (based on Ranawat classification) were treated 
with lateral release versus the Grade II VD knees which were treated with ligament recon-
struction procedures on the medial side. The 72% of the patients referred excellent results 
whereas 18% good, 7% fair, and 2% poor [45]. Healy et al. presented, in Grade II VD knees, 
lateral ITB release in combination with proximal MCL advancement with bone plug reces-
sion, with fully stable and functional ROM at 4–9 years follow-up [48].

Apart from Krackow cadaveric study, extremely interesting results published in 2001 by Peters 
et al. who studied the flexion-extension gap symmetry during sequenced release of the lateral 
structures in VD knees. It is concluded that complete release of the ITB at the joint line had a 
more profound effect on the extension than the flexion gap. On the contrary, complete release of 
the LCL/POP from the femur more profoundly affected the flexion than the extension gap; both 
of these release steps produced gap increases that were significant (7–12 mm). Selective frac-
tional lengthening of the ITB, the PLC, and the POP tendon alone produced smaller magnitudes 
of correction, which more symmetrically affected flexion-extension gaps [49].

Above and beyond, in 2004, Politi and Scott referred, good-to-excellent results in TKAs with 
VD >15°, and achieved soft tissue balance, with a lateral cruciform retinacular release, and 
without LCL and POP release in 32 out of 35 cases [50]. In the remaining three cases, the 
extension gap balancing was achieved by adding, apart from the lateral cruciform retinacu-
lar release, the LCL and POP partial release. No further prosthetic constraint was necessary 
following these releases, and these knees have remained clinically stable at their latest mean 
3.4-year follow-up despite the partial release of the LCL and its contribution to flexion gap 
stability [50].

Stern et al. accomplished ligamentous balancing in TKAs with VD >10°, with sequential 
releases from the lateral side of the femur and without MCL reconstruction, achieving 91% 
of good-to-excellent results. The postoperative axis alignment was 5–9° valgus [31]. Likewise, 
Laurencin et al. reviewed TKAs with 25° VD, where lateral retinacular release was accompa-
nied by sequential lateral release achieving postoperative anatomic alignment between 0° and 
10° valgus, in 96% patients [51].

In 2014, Chalidis et al. presented the results of 57 Grade II VD knees that underwent a pri-
mary TKA via lateral parapatellar approach with a global step-cut “coffin” type TTO over a 
10-year period. Postoperatively, there was a significant improvement in knee extension, flex-
ion, Knee Society Pain and Function Scores and WOMAC Osteoarthritis Index. Congruent 
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patellar tracking was observed in all cases. So, the researchers concluded that lateral approach 
in combination with TTO is an effective technique for noncorrectable valgus deformed knee 
in TKA [52].

Brilhault et al. also proposed in 2002 an interesting balancing way for VD knees by treating 13 
patients with fixed VD of the knee with a semi-constrained TKA combined with advancement 
of the LCL by means of a lateral femoral condylar sliding osteotomy [42]. At follow-up of 
mean 4.6 years, the mean Knee Society Score improved from 32 to 88 and the functional score 
from 45 to 73 conversely. The mean tibiofemoral angle was corrected from 191° to 180°. There 
was no postoperative tibiofemoral or patellar instability and, in most knees, distal transposi-
tion of the lateral femoral condyle achieved satisfactory stable alignment [42].

Hadjicostas et al. used computer navigation in severe VD (>20°) knees in combination with an 
osteotomy of the lateral femoral condyle. The correct mediolateral balancing of the extension 
gap was confirmed by the navigation system during the operation time and before the final 
fixation of the lateral femoral condyle. The 15 knees were corrected to a mean of 0.5° of valgus 
(0–2°), with excellent mid-term results referred by the authors. Lastly, flexion of the knee sta-
tistical significantly also improved to a mean of 105° (90–130°) postoperatively, and the mean 
Knee Society score improved from 37 (30–44) to 90 points (86–94) [53].

As a consequence, the “outside-in” or the “inside-out” technique has been proposed by dif-
ferent surgeons with similar results, such as Keblish, Murray, Stern, Buechel [4, 8, 9, 11, 26, 29, 
31]. Likewise, the “pie crust” technique has also been proposed by Ranawat as an alternative 
way of knee balance, plus Clarke through the taut PLC or ITB with the knee fully extended 
[36, 37, 54]. If the lateral release cannot sufficiently stabilize flexion and extension gaps, then 
the medial side of the joint should be addressed, in an effort to limit the degree of lateral soft-
tissue release [4, 6]. Several techniques have been similarly described for successfully and 
safely “tightening” the incompetent MCL [10, 40, 48].

Taking into consideration firstly that many surgeons find it difficult to correct a VD by using 
a conventional alignment guiding system without also using a constrained implant; and 
secondly that a marked coronal femoral bowing deformity is easily missed [55, 56]. Huang 
et al. proposed, in 2016, that the use of a computer-assisted surgery (CAS) for an intra-artic-
ular bone resection is effective for increasing the accuracy and reproducibility of limb and 
component alignment with fewer outliers [55]. Both intra-articular bone resection and CAS 
are beneficial in Ranawat arthritic type-II VD knees with marked coronal femoral bowing 
deformity as with a rather high prevalence has been reported in Japan, China, Korea, India, 
Taiwan, Singapore, and Turkey. The marked coronal bowing deformity alters the relation-
ship between the MA and anatomical axis (AA) of the femur, thereby affecting the postoper-
ative MA and the placement of the femoral component [55, 56]. The most important Huang’s 
et al. study finding was that CAS was more efficacious than intra-articular resection for facil-
itating a properly reconstructed MA, femoral component placement, and restoration of the 
joint-line in TKA on patients with marked coronal femoral bowing deformity. Nevertheless, 
CAS did not yield a better clinical outcome at a mean follow-up of 60.2 months [55].
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3.5. The advantages of the anterolateral approach and the lateral balancing versus 
hazards of anteromedial approach

The medial parapatellar release arthrotomy though suggested as a standard procedure in a 
varus knee does not represent the optimal approach in a severe and technically demanding 
VD knee [4]. That is because the release of lateral patellar retinaculae is necessitated in most 
VD cases in order to prevent patellar instability. The latter as accompanied with medial cap-
sulotomy results in significant impairment of the knee extensor mechanism’s blood supply 
[57]. Though if the knee joint is approached via a lateral parapatellar arthrotomy, release of 
the lateral retinaculae is integrated in the approach and patella vascularity is preserved as the 
medial side stays undisturbed [4, 10, 57]. Laurencin reported 12% of patella avascular necro-
sis in medial parapatellar approach for TKA in combination with extensive lateral retinacular 
release [51]. Miyasaka also reported only one case out of 108, in which a patella fracture 
occurred 3 years after surgery which was believed to be secondary due to avascular necrosis 
[31]. In Nikolopoulos et al. series, no patella fracture or avascular necrosis was observed [3, 4].

Very important also in the knee extensor mechanism is the scar tissue due to previous knee’s 
surgical operations. More specifically, scar tissue from previous tibial osteotomy makes patel-
la’s eversion problematic, and there is always a hazard for patellar ligament avulsion by forceful 
intraoperative retraction. Therefore, in order to protect the knee extensor mechanism, addi-
tional surgical techniques are needed either proximally (V-Y quadricepsplasty or “quadriceps 
snip”) [58, 59] or distally to the patella with TTO [4, 6, 28, 34, 60–63]. We believe that the eversion 
of the patella is easily performed when a TTO is added to the lateral approach in primary TKA 
with severe valgus deformity, offering excellent view [4].

Likewise, in a lateral capsulotomy, the extensor mechanism is displaced medially, and as the 
tibia rotates internally, offers an excellent exposure of the contracted lateral structures, thus 
facilitates their adjustment. This encourages more conservative releases and significantly, dis-
courages unnecessary steps that may create instability [4, 11]. In contrast in the medial approach, 
the lateral displacement of the extensor mechanism increases the external tibial rotation, push-
ing the contracted PLC away from the operative field and consequently technical difficulties 
in balancing the valgus knee [11]. Analyzing the literature on the subject of TTO, it has been 
valuated as a highly beneficial and safe procedure in achieving gentle eversion of the patella [4, 
6, 28, 35, 60–63]. Besides, it prevents tibia internal rotation during patellar eversion, which may 
simplify proper positioning of the tibial component in severe valgus knees [4, 10, 63].

Furthermore, in a medial approach, the patella tracking is less than optimum and postopera-
tive patellar problems are more common [10, 11, 27]. In opposition, the patellar tracking in a 
lateral approach is assured with the self-centering movement of the quadriceps-patellar ten-
don mechanism [11, 27]. In cases where a TTO is added, alignment of the extensor mechanism 
can be improved or adjusted when required, as osteotomy fixation at the end of the operation 
allows medial transfer of the patellar tendon insertion, eliminating in that way the postop-
erative patellar maltracking [4, 11]. In Nikolopoulos et al. series [3, 4], no patellar instability 
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patellar tracking was observed in all cases. So, the researchers concluded that lateral approach 
in combination with TTO is an effective technique for noncorrectable valgus deformed knee 
in TKA [52].

Brilhault et al. also proposed in 2002 an interesting balancing way for VD knees by treating 13 
patients with fixed VD of the knee with a semi-constrained TKA combined with advancement 
of the LCL by means of a lateral femoral condylar sliding osteotomy [42]. At follow-up of 
mean 4.6 years, the mean Knee Society Score improved from 32 to 88 and the functional score 
from 45 to 73 conversely. The mean tibiofemoral angle was corrected from 191° to 180°. There 
was no postoperative tibiofemoral or patellar instability and, in most knees, distal transposi-
tion of the lateral femoral condyle achieved satisfactory stable alignment [42].
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(0–2°), with excellent mid-term results referred by the authors. Lastly, flexion of the knee sta-
tistical significantly also improved to a mean of 105° (90–130°) postoperatively, and the mean 
Knee Society score improved from 37 (30–44) to 90 points (86–94) [53].

As a consequence, the “outside-in” or the “inside-out” technique has been proposed by dif-
ferent surgeons with similar results, such as Keblish, Murray, Stern, Buechel [4, 8, 9, 11, 26, 29, 
31]. Likewise, the “pie crust” technique has also been proposed by Ranawat as an alternative 
way of knee balance, plus Clarke through the taut PLC or ITB with the knee fully extended 
[36, 37, 54]. If the lateral release cannot sufficiently stabilize flexion and extension gaps, then 
the medial side of the joint should be addressed, in an effort to limit the degree of lateral soft-
tissue release [4, 6]. Several techniques have been similarly described for successfully and 
safely “tightening” the incompetent MCL [10, 40, 48].

Taking into consideration firstly that many surgeons find it difficult to correct a VD by using 
a conventional alignment guiding system without also using a constrained implant; and 
secondly that a marked coronal femoral bowing deformity is easily missed [55, 56]. Huang 
et al. proposed, in 2016, that the use of a computer-assisted surgery (CAS) for an intra-artic-
ular bone resection is effective for increasing the accuracy and reproducibility of limb and 
component alignment with fewer outliers [55]. Both intra-articular bone resection and CAS 
are beneficial in Ranawat arthritic type-II VD knees with marked coronal femoral bowing 
deformity as with a rather high prevalence has been reported in Japan, China, Korea, India, 
Taiwan, Singapore, and Turkey. The marked coronal bowing deformity alters the relation-
ship between the MA and anatomical axis (AA) of the femur, thereby affecting the postoper-
ative MA and the placement of the femoral component [55, 56]. The most important Huang’s 
et al. study finding was that CAS was more efficacious than intra-articular resection for facil-
itating a properly reconstructed MA, femoral component placement, and restoration of the 
joint-line in TKA on patients with marked coronal femoral bowing deformity. Nevertheless, 
CAS did not yield a better clinical outcome at a mean follow-up of 60.2 months [55].
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3.5. The advantages of the anterolateral approach and the lateral balancing versus 
hazards of anteromedial approach

The medial parapatellar release arthrotomy though suggested as a standard procedure in a 
varus knee does not represent the optimal approach in a severe and technically demanding 
VD knee [4]. That is because the release of lateral patellar retinaculae is necessitated in most 
VD cases in order to prevent patellar instability. The latter as accompanied with medial cap-
sulotomy results in significant impairment of the knee extensor mechanism’s blood supply 
[57]. Though if the knee joint is approached via a lateral parapatellar arthrotomy, release of 
the lateral retinaculae is integrated in the approach and patella vascularity is preserved as the 
medial side stays undisturbed [4, 10, 57]. Laurencin reported 12% of patella avascular necro-
sis in medial parapatellar approach for TKA in combination with extensive lateral retinacular 
release [51]. Miyasaka also reported only one case out of 108, in which a patella fracture 
occurred 3 years after surgery which was believed to be secondary due to avascular necrosis 
[31]. In Nikolopoulos et al. series, no patella fracture or avascular necrosis was observed [3, 4].

Very important also in the knee extensor mechanism is the scar tissue due to previous knee’s 
surgical operations. More specifically, scar tissue from previous tibial osteotomy makes patel-
la’s eversion problematic, and there is always a hazard for patellar ligament avulsion by forceful 
intraoperative retraction. Therefore, in order to protect the knee extensor mechanism, addi-
tional surgical techniques are needed either proximally (V-Y quadricepsplasty or “quadriceps 
snip”) [58, 59] or distally to the patella with TTO [4, 6, 28, 34, 60–63]. We believe that the eversion 
of the patella is easily performed when a TTO is added to the lateral approach in primary TKA 
with severe valgus deformity, offering excellent view [4].

Likewise, in a lateral capsulotomy, the extensor mechanism is displaced medially, and as the 
tibia rotates internally, offers an excellent exposure of the contracted lateral structures, thus 
facilitates their adjustment. This encourages more conservative releases and significantly, dis-
courages unnecessary steps that may create instability [4, 11]. In contrast in the medial approach, 
the lateral displacement of the extensor mechanism increases the external tibial rotation, push-
ing the contracted PLC away from the operative field and consequently technical difficulties 
in balancing the valgus knee [11]. Analyzing the literature on the subject of TTO, it has been 
valuated as a highly beneficial and safe procedure in achieving gentle eversion of the patella [4, 
6, 28, 35, 60–63]. Besides, it prevents tibia internal rotation during patellar eversion, which may 
simplify proper positioning of the tibial component in severe valgus knees [4, 10, 63].

Furthermore, in a medial approach, the patella tracking is less than optimum and postopera-
tive patellar problems are more common [10, 11, 27]. In opposition, the patellar tracking in a 
lateral approach is assured with the self-centering movement of the quadriceps-patellar ten-
don mechanism [11, 27]. In cases where a TTO is added, alignment of the extensor mechanism 
can be improved or adjusted when required, as osteotomy fixation at the end of the operation 
allows medial transfer of the patellar tendon insertion, eliminating in that way the postop-
erative patellar maltracking [4, 11]. In Nikolopoulos et al. series [3, 4], no patellar instability 
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was observed postoperatively in the group of lateral parapatellar arthrotomy combined with 
TTO, as we had the chance to release the soft tissues easily and to transfer the tuberosity 
medially in two cases, succeeding the optimal quadriceps-patella tendon balance [4].

Burki et al. observed good results in 88% of their cases by applying TTO as part of lateral 
approach in revision valgus TKAs. No complications were reported from the osteotomy 
side, apart from one case complicated with anterior tibial compartment syndrome [28]. We 
also presented one case in our series [3]. Burki et al. hypothesized that TTO may traumatize 
the anterior tibial compartment; that is why it was recommended as a standard procedure 
the release of the anterior tibial fascia with several longitudinal incisions [28]. The length 
of the osteotomized tubercle in our series were 5 cm [3, 4] versus 7 cm in Burki series [28]. 
That was with the purpose of avoiding tibial fractures. Piedade had 8.7% of TTO fractures 
and tibial plateau fissures [63]. Consequently, consideration needs to be given to the size of 
the bony fragment and the quality of the fixation with respect to achieving sound consoli-
dation of the osteotomy [4].

The results in valgus knees arthroplasties with medial parapatellar capsulotomy have been 
inferior to those of varus knees with significant deformity [5]. Karachalios et al. mentioned 
the residual VD in these knees with arthroplasty did not result in early component failure, 

Figure 6. Severe valgus deformity (A). Full correction after the operation (B).
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but was associated with a worse clinical outcome [5]. The literature on the other hand refers 
70–78% of full restoration of the anatomical axis in valgus knees [2, 5, 6, 9]. Incomplete axis 
restoration has been linked with impaired clinical outcome [4, 5]. Conversely, the authors 
using lateral parapatellar capsulotomy have reported better results in terms of anatomical 
axis correction and also in terms of clinical performance [11, 26, 64]. Besides, in cases with 
moderate or severe VD, an excellent decision with very good results is the use of a PCL-
sparing prosthesis as Krackow et al. [10] showed.

Last of all, it is very important to resume the results of the open debate: “which approach 
leads to better outcome?” The recent studies which compare standard medial parapatellar 
approach versus lateral parapatellar with TTO showed the following:

(a) Nikolopoulos et al. [4] reported no statistically significant differences in terms of clinical 
results, on the groups of lateral approach combined with TTO vs. a standard medial ap-
proach (Figures 6 and 7). Nevertheless, in the lateral approach group, a valgus deviation 
occurred in 9% of the patients compared to 32% in the medial one [4].

Figure 7. Profile standing position knee X-ray. Oblique direction of the wire loops for resistance to upwards pulling 
forces and step at the upper part of osteotomy, preventing the proximal migration.
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(b) Hirschmann et al. showed that the lateral parapatellar approach with TTO leads to at least 
comparable functional results and less pain after TKA at 2 years follow-up. The burning 
question for the researchers, however, remained if this can outweigh the higher risk of 
early complications and revisions [36].

(c) Sekiya et al. [35] reported the clinical and radiological results in two randomized groups 
of patients (medial vs. lateral without TTO) after performing a TKA in valgus knees. They 
found no significant differences in ROM between the groups, but better postoperative 
flexion was mentioned in the lateral group.

Hay et al. had randomly divided 32 patients into two groups, the one in which the lateral sub-
vastus approach combined with a TTO was performed and the other with the medial parapa-
tellar approach. No significant differences were found between the groups in the parameters 
of clinical outcome, as the ROM, the VAS score, the Western Ontario McMasters University 
Osteoarthritis index, and the KSS at 2-year follow-up. It was found significant better patel-
lar tracking in the group of lateral subvastus approach combined with TTO. Due to compli-
cations related with TTO and longer surgical time (10–15 min) in the lateral approach, the 
researchers did not support its routine use of the except for the patients in whom problems 
with patellar tracking were anticipated [65].

4. Complications

Several complications have been reported in valgus knee arthroplasties. More specifically, 
Favorito et al. [6] presented in a review article the main complications referred in the literature. 
The most commonly reported complications are tibiofemoral instability (2–70%), recurrent val-
gus deformity (4–38%), postoperative motion deficits which requires manipulation under anes-
thesia (1–20%), wound problems (superficial or deep infection) (4–13%), patellar stress fracture 
or osteonecrosis (1–12%), patellar tracking problems (2–10%), and peroneal nerve palsy (1–4%) 
[1, 2, 4, 8, 10]. Nikolopoulos et al. also referred one case of a 5 mm proximal migration of 
the osteotomized fragment occurred which was stabilized with screws only, without the use 
of wire loops. However, this did not affect the final outcome, despite breakage of one screw 
(Figure 8) [3].

One more very important complication after TKA for VD that has been cited is the peroneal 
nerve palsy. Due to the femorotibial axis deformation and the elongation of the lateral side, 
the nerve is stretched and is placed at risk for indirect injury via traction or induced ischemia 
[4, 6, 23]. Other indirect mechanisms of injury may include compression or crushing from 
tight dressings [66]. Also, the “pie crust” technique as part of the lateral release when is used 
puts the peroneal nerve in hazard, so greater deal of safety concern should be accomplished 
[28, 36, 38]. According to the literature, Idusuyi and Morrey [67] reported 32 postoperative 
peroneal nerve palsies in more than 10,000 consecutive TKAs. Ten out of the 32 palsies had 
12° or more of preoperative VD. The lengthening of the lateral aspect during lateral stabilizer 
release and subsequent traction to the peroneal nerve presumably caused the palsy. That is 
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why our recommendation is generally patients’ careful evaluation for palsy symptoms post-
operatively. If peroneal nerve palsy type symptoms are discovered, the knee should be flexed 
to relax the tension that is effectively being placed on the nerve. There are no objective guide-
lines or data to support the efficacy of any immediate surgical intervention [67].

5. Conclusion

TKA is a well-established procedure and has proven to be durable and effective for the 
treatment of advanced arthritis of the knee joints; however, the long-term follow-up in VD 
arthritic knees was relatively inferior to those of varus counterparts. The main reason for 
poor prognosis is the difficulty to achieve good soft-tissue balance during the operation, and 
this is the challenge for every orthopedic surgeon in knee arthroplasties. In this chapter, we 
analyzed in detail the valgus knee philosophy, the approaches and surgical techniques pro-
posed both for bone cuts and soft tissue management analyzing in detail the pros and cons 
of each proposed technique. The surgeon in valgus knee should more confidently achieve 
soft tissue balancing, resulting in better load distribution and enhancing component stability 
and longevity.

Figure 8. Profile Knee X-ray. Fixation with screws only: Six weeks post-op, slight proximal migration of tubercle, with 
one screw broken.
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Abstract

The use of an intraoperative tourniquet for total knee arthroplasty (TKA) is a common 
practice. Although it provides clear filed and ideal cementation during surgery, issues 
regarding the effectiveness, drawbacks and complications are still investigated. This 
review was conducted to evaluate the role of tourniquet in TKA through a compre-
hensive literature search was done in PubMed Medicine, Embase, and other internet 
database. Debating issues, including the blood loss, operation time, alignment, compro-
mised wound healing, quadriceps weakness and timing of release were furtherly exam-
ined. Based on our prior work and the general consensus that the tourniquet should be 
set with the lowest pressure and for the least ischemic time possible, we recommend 
early tourniquet release right after the closure of extensor mechanism in the TKAs with-
out drainage.

Keywords: tourniquet, total knee arthroplasty, ischemic, blood loss, timing

1. Introduction

Total knee arthroplasty (TKA) is associated with substantial postoperative blood loss for which 
blood transfusion might be necessary. Various strategies to hemostasis had been proposed, 
including the use of tourniquet during surgery. The use of tourniquet was believed to help 
reduce intraoperative blood loss [1–4], provide better visualization, save operative time [4, 5], 
and facilitate the cementing quality and other surgical procedures. However, some conflict-
ing results were reported regarding blood loss and fixation of cemented [6–8]. Furthermore, 
certain drawbacks were mentioned after the use of tourniquet, including thigh pain, nerve 
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palsy, ischemia [9], soft tissue damage, thromboembolic complications [10], decrease muscle 
strength [11], and knee range of motion (ROM) [3]. In spite of the common use of tourniquet 
in orthopedic surgeries, the role of tourniquet in TKA remains controversial, and some sur-
geons suggested that tourniquet is not necessary [12, 13].

To reduce the aforementioned drawbacks, adjunctive measures such as skin protection [14], elas-
tic cuff [15], and reducing cuff pressure [16, 17] are frequently taken while applying the tourni-
quet during TKAs. Recently, early deflation of tourniquet has drawn increasing attention. Since 
most surgeons use tourniquet to facilitate the procedure mainly, there are no need for prolonged 
use of tourniquet. Various timings of deflation have been proposed in the literature, such as 
deflating tourniquet after cementing the implants [18–20], after closure of arthrotomy [21], or 
immediately after wound closure [22]. However, no consensus has been achieved to date.

To clarify the role of tourniquet in TKA, a comprehensive review was therefore conducted. An 
extensive search as well as review of the related literature regarding the tourniquet use was 
performed. This review focused on:

1. Effectiveness of tourniquet use in TKA.

2. Safety and complications of tourniquet use in TKA.

3. Effect of early deflation of tourniquet.

2. Search of literature

Our review team completed the search of electronic databases, including the Cochrane Central 
Register of Controlled Trials (2010), PubMed Medline (1966 to May 2011), and Embase (1980 
to May 2011). We used the following search terms and Boolean operators: (tourniquet) AND 
(knee OR arthroplasty OR joint replacement). We also searched the reference lists of the rel-
evant articles for any further associated studies. The criteria for inclusion were (1) reports 
dealing with patients undergoing primary TKA and (2) studies about tourniquet use. After 
reviewing the titles and abstracts of the studies, we determined if the study was appropriate 
for retrieval. The retrieved literature was completely reviewed. A consensus about the content 
of this review article was reached throughout series of discussion.

3. Intraoperative tourniquet use

3.1. Blood loss

Whether or not a tourniquet can reduce blood loss in total knee arthroplasty is still being 
debated in the literature. Although intraoperative blood loss was significantly less in the tour-
niquet group in the present study, there is often a substantial hidden or unmeasured blood loss 
in TKA. Some authors claimed that a tourniquet is effective for reducing blood loss [1, 2, 23], 
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but others did not agree. Numerous studies reported no significant difference in the amount 
of blood loss with or without tourniquet use [24, 25], and others even suggested that the use of 
tourniquet induces more blood loss [26, 27].

There are some parameters commonly used to evaluate the blood loss of the surgery. Directly 
measured items include the intraoperative blood loss and the transfusion rate. Measurable total 
blood loss, the summation of intra- and postoperative blood loss, is determined by the increas-
ing weight of soaked gauze added the amount of postoperative drainage. Calculated total blood 
loss, which is always regarded as true total blood loss, was measured by Hb and Hct levels 
before and after surgery.

In the research model of meta-analysis, some authors suggested that the use of tourniquet did 
not affect total blood loss [3, 5, 8, 28], which was opposed by Alcelik et al. [29]. However, Alcelik 
et al. [29] estimated total blood loss simply based on the measurable blood loss while overlook-
ing the hidden blood loss. Thus, the evidence available indicates that tourniquet indeed signifi-
cantly reduce the intraoperative blood loss rather than the total blood loss.

3.2. Operation time

The application of a tourniquet in TKA was believed to afford a relative bloodless surgical field, 
facilitating time saving. However, the critical timing of deflation should be mentioned regard-
ing the operation time. The pooling data showed significantly shortened surgical duration in 
the tourniquet group once the tourniquet was released after wound closure and compressive 
dressing [2, 27, 30]. In comparison, early release of the tourniquet right after cementing the 
prosthesis for hemostasis would prolong the operation time for troublesome oozing [5, 20, 
31–34]. Thus, the studies with early release of tourniquet did not correlate with significant 
shortened operation time [23, 24, 26].

3.3. Alignment and stability

A tourniquet use is believed to improve the visualization of anatomical structures [35] due to 
better control of intraoperative bleeding. However, this advantage does not necessarily prom-
ise the improved implant position or surgical accuracy. Stetzelberger et al. [36] found that 
the mechanical leg alignment, the joint line level, and the patellar height could be accurately 
reconstructed with and without the tourniquet use.

On the other hand, an inflated tourniquet could alter the patellofemoral tracking [28] and may 
give the impression of an enhanced lateral tracking because of an increased lateral retinacular 
tension [37, 38]. Some authors recommend the deflation of the tourniquet prior to a lateral 
release to avoid unnecessary interventions. However, Matsui et al. [39] found that there is low 
clinical relevance even tourniquet deflation significantly improved the patellofemoral track-
ing and it is reliable to test intraoperative congruity a tourniquet in place.

There is a lack of data available in the literature whether the use of a tourniquet increases 
implant fixation in TKA. Radiostereometric analysis (RSA) has been used to investigate the 
influence of the tourniquet on implant fixation, but no difference was found [40, 41]. Recently, 
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Pfitzner et al. found that the use of a tourniquet in primary TKA increased the tibial cement 
mantle thickness [42], which could increase implant stability and survival [43].

3.4. Risk of thrombosis

The use of a tourniquet can be an important issue but still controversial regarding the forma-
tion of deep vein thrombosis (DVT) after TKA. Abdel-Salam and Eyres [44], Mori et al. [10], 
and Tai et al. [5] reported an increased incidence of DVT with the use of a tourniquet in TKA, 
but Wakankar et al. [35] and Fukuda et al. [23] both reported that the incidence of DVT was 
not related to the use of a tourniquet. However, these studies vary in diagnostic tool, race, and 
the presentation of symptoms.

The length of tourniquet time (ischemic duration) is another factor affecting the risk of throm-
bosis. Bin Abd Razak et al. [45] and Chung et al. [46] reported that the rate of DVT appeared 
to be associated with prolonged tourniquet time, probably due to a long period of venous 
stasis and damage to calcified vessels. Early deflation of tourniquet is also found to decrease 
the risk of DVT [18, 47].

Although most DVTs were asymptomatic, an asymptomatic postoperative DVT is associ-
ated with an increased risk of the late development of the post-thrombotic syndrome [48, 49]. 
Thus, patients with an asymptomatic DVT should be monitored carefully.

3.5. Complication related to wound healing

Wound condition after TKA is important for the prevention of periprosthetic infection 
[50, 51]. Delay in wound healing is associated with deep infection, which leads to the 
arthroplasty failure [52].

The use of a tourniquet is associated with a higher incidence of postoperative wound problems 
[3, 5, 28, 44], including significant hematoma, wound oozing, skin blistering, bruising, necro-
sis, and superficial wound infection requiring antibiotics treatment. Circulatory stasis caused 
by tourniquet inflation may worsen the local soft tissue condition [5]; furthermore, reactive 
hyperemia and activation of fibrinolytic cascade after tourniquet release increase the tissue 
pressure and local inflammation [3, 53], all of which lead to tissue hypoxia and subsequently 
compromised wound healing.

3.6. Thing pain, weakness, and postoperative recovery

For patients who undergo tourniquet-controlled TKA, thigh pain is a very common complaint 
during the early postoperative period. Performing TKA without a tourniquet could reduce 
postoperative thigh pain in several literature [1, 3, 12, 13], but the benefit declines with time 
and becomes insignificant different at follow-ups longer than 6 months.

Compromised knee motion after tourniquet use has also been mentioned in some literature 
[35, 40, 44]. The possible reasons are as follows: (1) using a tourniquet may injure the nerve 
and the skeletal muscle, even causing rhabdomyolysis [40, 54] and (2) increased postoperative 
pain would limit the patient’s ability to perform postoperative training [40, 55].
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Considering the acting and involving region of tourniquet, quadriceps weakness is a hallmark 
of TKA [56, 57], though few studies investigated this issue. Abdel-Salam and Eyres observed 
a quicker ability to achieve a straight leg raise maneuver in whom a tourniquet was not used 
[44]. Dennis et al. [11] also reported the diminished strength of quadriceps during the first 
3 months after TKA using a tourniquet. However, no significant difference of knee-extension 
strength 48 h after surgery was reported by Harsten et al. [58].

Long-term effect of tourniquet use on the postoperative ROM is still debating. Ledin et al. [40] 
reported that the ROM was 11° greater in the non-tourniquet group after 2-year follow-up, but 
Abdel-Salam and Eyres [44] and Liu et al. [13] found no difference in knee flexion after 1-year 
follow-up.

4. Timing of tourniquet release

To reduce the ischemic duration and the incidence of complications aforementioned, some sur-
geons suggested the early release of tourniquet. The different timings of tourniquet deflation 
include immediately after wound closure [22], after a tight arthrotomy closure [21] and mostly 
after the implantation of the prostheses [18, 20, 32].

Although there were some reviewing articles related to the timing of tourniquet release in 
TKA, the results varied. For blood loss, Huang et al. [59] and Zan et al. [47] suggested that 
tourniquet release before wound closure for hemostasis wound significantly increase not only 
total measured blood loss but also calculated blood loss. Zhang et al. [31] found that releasing 
tourniquet before wound closure could increase only total blood loss. However, Tie et al. [60] 
reported no significant difference existed in calculated blood loss nor total blood losses. To 
analyze the blood loss in detail, intraoperative blood loss may contribute to most of increased 
blood loss. Releasing tourniquet before wound closure theoretically could ensure a better 
view of hemostasis, and patients would have better blood conservation. Nevertheless, fibri-
nolytic activity rises after the release of an arterial tourniquet [61], contributing to the higher 
perioperative blood loss. In addition, it was impossible to find all bleeding sources, especially 
the oozing spots. These are the reasons why total blood loss is higher when tourniquet is 
released before wound closure in some reviewing article.

Several studies demonstrated that releasing tourniquet before wound closure had a decreased 
risk of postoperative complications such as wound complications [22], deep infection, DVT 
[31], and so on [47, 60, 62]. Although there is no significant difference in some meta-analysis 
[18, 59], it had a trend that releasing tourniquet before wound closure could decrease the inci-
dence rate of major complication.

5. Pressure

Clinical and experimental studies supported a positive correlation between the degree of neu-
romuscular injury and the amount of pressure or the ischemia duration. Olivecrona et al. [16] 
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reported a higher cuff pressure increase risks of tourniquet-related postoperative complica-
tions. Despite various pressures being used in different studies, the general consensus is that the 
tourniquet should be employed at the lowest pressure and for the least ischemic time possible 
to avoid complications. In some published studies [17, 34, 53, 63], cuff pressures, ranging from 
300 to 350 mm Hg, have been reported.

To reduce the cuff pressure, some surgeons preferred the setting of cuff pressure on the basis 
of the systolic blood pressure plus a margin of 100 mmHg [34], and less early postoperative 
pain has been reported [64]. Meanwhile, another common method, twice of the systolic pres-
sure, has also been adopted [65]. Besides, based on the fluctuating systolic pressure, improved 
devices with timely automated measurement of limb occlusion pressure have been investi-
gated to reduce the cuff pressure [16].

6. Authors’ preference

For the past decade, the authors focused on the effects of a tourniquet in TKA. In a meta-analysis 
[5], we found that using tourniquet in TKA may save time without evident hemostatic benefits. 
Then, a prospective, randomized, controlled trial was therefore conducted to clarify the effect of 
tourniquets in TKA. Reduced operative time, reduced intraoperative blood loss, and prevented 
excessive inflammation and muscle damage were obtained in the tourniquet-controlled TKAs 
[1]. Further, to save unnecessary ischemic duration, an effective hemostasis via a tamponade 
by the closed arthrotomy without drainage was used. Not only the shortened ischemic time 
but also better earlier functional recovery was obtained at early postoperative follow-ups [21]. 
Currently, although tourniquet is routinely used in our daily practice of TKAs, timely release 
as well as low cuff pressure is stressed based on the awareness of the risks of thromboembolism 
and other aforementioned complications.
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Currently, although tourniquet is routinely used in our daily practice of TKAs, timely release 
as well as low cuff pressure is stressed based on the awareness of the risks of thromboembolism 
and other aforementioned complications.
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Abstract

Postoperative pain is caused by neuronal damage that occurs during the surgical proce-
dure and the stimulation of the nociceptors. In postoperative period, total knee arthro-
plasty (TKA) is painful, and pain management is quite difficult. The main purpose of 
postoperative pain relief is to reduce the pain of the patient, to contribute to the healing 
process, to shorten the length of hospital stay, and to reduce hospital costs. Techniques 
such as intravenous analgesia, epidural analgesia, and peripheral nerve blocks are 
used to prevent postoperative pain. In addition, oral and parenteral analgesics, patient- 
controlled analgesia (PCA), nerve blocks, and periarticular injection methods are used 
as multimodal analgesia methods. Pain scales such as visual analogue scale (VAS), ver-
bal descriptive scale (VDS), and numerical rating scale (NRS) are used as the standard 
methods in the evaluation of pain of patients. Systemic opioids, nonsteroidal anti-inflam-
matory drugs, and local anesthetics are used for postoperative analgesia. Preemptive 
analgesia, defined as analgesia initiated prior to surgical incision, and multimodal anal-
gesia have been shown to reduce opioid consumption associated with high complication 
rates. Postoperative pain management should be planned considering the clinical charac-
teristics of the patient, experience of the anesthetist, and clinical facilities. Early postop-
erative analgesia reduces systemic complication rates and improves early rehabilitation, 
patient satisfaction, and quality of life.

Keywords: pain management, analgesia, preemptive analgesia, multimodal analgesia, 
regional analgesia techniques, drug therapy

1. Introduction

According to the definition made by the International Organization for Research on Aging 
(IASP), pain is a sensorial, emotional, unpleasant sensation about someone’s past experiences, 
whether they are connected to an organic gown or not, starting from anywhere in the body.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Classification of pain

1. Acute pain: it is a type of pain that starts suddenly, has a nociceptive nature, has tissue 
damage, shows a close relationship with the cause of the lesion in terms of location, time, 
and intensity, and gradually disappears as the healing progresses [1, 2]. The most common 
types of acute pain are posttraumatic, postoperative, and obstetric pain [3].

2. Superficial (cutaneous) pain: it is type of a pain that occurs against nociceptive stimuli that 
occur in skin, subcutaneous tissue, and mucous membranes.

3. Deep somatic pain: it is a pain that is usually caused by muscle, tendon, joint receptors or 
bones, which is blunt and cannot be localized.

4. Visceral pain: it is a pain originated from the deterioration of functions of their tissue (pa-
rietal pleura, pericardium, and peritoneum).

5. Chronic pain: it is defined as acute pain that begins as acute pain and lasts for 1–6 months [4].

3. Pain pathways

In order for a stimulus to be perceived as pain, it is necessary to go through four different 
physiological processes:

a. Transduction; at the end of the nerve is the stage where the stimulus is converted into 
electrical activity.

b. Transmission; it is the spread of electrical activity throughout the nervous system.

c. Modulation; changes in nociceptive transmission.

d. Perception; interaction with the individual’s psychology and subjective emotional 
experiences.

4. Postoperative pain in total knee arthroplasty

Postoperative pain is caused by neuronal damage that occurs during the surgical procedure 
and the stimulation of the nociceptors. In postoperative period, total knee arthroplasty (TKA) 
is painful and pain management is quite difficult. The main purpose of postoperative pain 
relief is to reduce the pain of the patient, to contribute to the healing process, to shorten the 
length of hospital stay, and to reduce hospital costs.

Techniques such as intravenous analgesia, epidural analgesia, and peripheral nerve blocks 
are used to prevent postoperative pain. In addition, oral and parenteral analgesics, patient- 
controlled analgesia, nerve blocks, and periarticular injection methods are used as multi-
modal analgesia method. Systemic opioids, nonsteroidal anti-inflammatory drugs, and local 
anesthetics are frequently used for postoperative analgesia.
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Pain scales such as visual analogue scale (VAS), verbal descriptive scale (VDS), numerical rat-
ing scale (NRS) are used as standard methods in the evaluation of pain of patients.

Total knee arthroplasty (TKA) is known to be a very painful orthopedic procedure [5]. For 
this reason, effective pain control is important to optimize the rehabilitation process in order 
to ensure patient satisfaction, hospital stay, and cost reduction [6]. However, the difficulty 
of postoperative pain management after TKA is to maintain adequate motor function with 
adequate analgesia. The patient is informed about the surgery to be performed before the 
operation, and a training program and the physical preparation are recommended. Patients 
undergoing preoperative exercise and training showed significant improvements in function, 
quadriceps strength, and duration of stay. After the surgical intervention is performed, the 
patient can continue the rehabilitation program to speed up the healing process in the home 
under the supervision of a physiotherapist. Rehabilitation therapy depends on many factors 
such as patient characteristics, prosthesis characteristics, and postoperative complications.

More than 1.1 million joint arthroplasty (TJA) are performed annually in the USA, and more 
than 700,000 of them are primary TKA [7, 8].

5. Pathophysiological changes caused by postoperative pain in the 
organism

Acute postoperative pain that is poorly treated is associated with both physiological and psy-
chological functions in the body [2, 9–11], which are as follows:

• Cardiovascular system: coronary ischemia, myocardial infarction

• Pulmonary system: hypoventilation, decreased vital capacity, pulmonary infection

• Gastrointestinal system: reduced motility, ileus, nausea, vomiting

• Renal system: increases in urinary retention and sphincter tone, oliguria

There are negative effects on the muscular system, on the coagulation system, on the wound 
healing, and on the immune system. Finally, poorly controlled pain after surgery may impair 
sleep and have negative psychological effects, such as demoralization and anxiety.

6. Postoperative pain treatment/management methods

1. Regional analgesia techniques and multimodal analgesia

2. Drug therapy

3. Nonpharmacological techniques

4. Preemptive analgesia

5. Patient education
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6.1. Regional analgesia techniques and multimodal analgesia

Despite improvements in pain management, approximately half of TKA (total knee arthro-
plasty) patients develop severe pain in the early postoperative period. Excessive tissue dam-
age and complex innervation in TKA make pain control difficult. Femoral nerve, sciatic nerve, 
and obturator nerve are involved in the innervation of the knee joint. In major surgeries, 
such as TKA, changes occur in the endocrine system and central, peripheral, and sympathetic 
nervous systems. If postoperative analgesia is not achieved adequately, systemic responses 
induced by the surgery increase and serious risks may occur to the patients.

Conventional methods such as parenteral opioids, epidural analgesia, and femur blocks have 
been widely used to remove the pain associated with TKA [12]. In addition, the fascia iliaca 
block has recently been used more frequently to reduce the pain associated with TKA [13]. 
Comparing general anesthesia with neuraxial anesthesia in the patients with TKA, the risk of 
perioperative complications was significantly reduced in patients undergoing neuraxial anes-
thesia [14]. In another study, the risk of short-term complications in patients with TKA was 
higher in patients receiving general anesthesia than in patients receiving neuraxial anesthesia 
[15]. Neuraxial anesthesia was associated with the reduction of major complications. A recent 
meta-analysis has shown that there is a significant decrease in the incidence of postoperative 
surgical site infection in neuraxial anesthesia when compared to general anesthesia and neur-
axial anesthesia in the patients with TKA and total hip arthroplasty (THA) [16]. The use of 
peripheral nerve block (PNB) also reduced the need for postsurgical critical care services [17].

Multimodal analgesia techniques are often used in the “fast-track” recovery protocols to 
improve pain relief. Mixture of local anesthetics and anti-inflammatory and opioid analgesics 
for periarticular infiltration has been used in the multimodal protocols. It can improve the pain 
score, reduce the total perioperative opioid consumption, enhance the early mobilization, and 
increase the patient satisfaction [18]. Several multimodal analgesics have been developed in 
clinical practice [19, 20] and paracetamol, nonsteroidal anti-inflammatory drugs (NSAIDs), opi-
oids, ketamine [21], alpha-2 adrenergic agonists [22], and corticosteroids have been used [23].

Periarticular drug injection is an attempt to apply a low-concentration, high-volume local 
anesthetic solution to the joint capsule and periarticular surrounding tissues to provide post-
operative analgesia [24]. When used as a part of a multimodal analgesic protocol in patients 
undergoing TKA, femoral nerve blockade has been shown to reduce narcotic consumption and 
improve postoperative pain scores [25]. However, periarticular infiltration is usually insuffi-
cient to provide adequate analgesia in the anterior direction of the knee [26]. Periarticular infil-
tration analgesic protocols that infiltrate anterior, posterior, and medial compartments of the 
knee are reported to only last between 6 and 12 h [27]. Prolonged motor blockade, quadriceps 
muscle weakness, difficulty ambulating, and postoperative falls limit the utility of femoral 
nerve block (FNB) in the “fast track” rehabilitation protocols [28, 29]. In a study, Fascia iliaca 
block effectively reduced the amount of morphine used after TKA in the first 24 h. This study 
shows that the fascia iliaca block provides the same level of analgesia with the use of less mor-
phine compared with the periarticular injection [30]. However, the fascia iliaca block requires 
as much as 40–50 mL of volume to achieve an effective result [31]. In another study, the anal-
gesic efficacy of the fascia iliaca block was compared to the femur nerve block in the guideline 
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of ultrasonography and no difference was found in VAS scores and opioid consumption [32]. 
The sciatic nerve block (SNB) is used in addition to FNB for complete analgesia after TKA. In 
a systematic review, SNB administered as a supplement to FNB has shown that it does not 
provide adequate analgesic activity [33]. Studies with larger patient groups showed a signifi-
cant reduction in postoperative opioid consumption, less opioid-induced adverse effects, and 
significantly lower resting and dynamic pain scores [34–38]. Adductor channel block was also 
studied. In the meta-analysis study performed, there was no significant difference in pain con-
trol and morphine consumption between the adductor canal bloc (ACB) and the femoral nerve 
block (FNB) group. However, it was observed that ACB provided faster postoperative mobili-
zation ability without reduction of analgesia in patients undergoing TKA [39]. Another study 
conducted after TKA to compare the efficacy of single-shot adductor canal block (SACB) and 
postoperative continuous adductor canal block (CACB) placement and showed that CACB 
was superior to SACB for analgesia control but ambulation ability, success rate, early func-
tional recovery, and treatment-related side effects were similar [40]. Different studies have 
shown that ACB and FNB have similar motor function recovery, strength ratings, and quadri-
ceps muscle strength at postoperative 24 and 48 h in TKA patients [41, 42].

6.2. Drug therapy

TKA operation is one of the most painful orthopedic procedures [43]. For this reason, it is 
difficult to provide adequate analgesia with a single drug or method. Multimodal analgesia 
methods will be more appropriate to reduce side effects and provide pain control. Multimodal 
analgesia is defined as providing more effective pain control by the combined use of various 
analgesic drugs and techniques that may have additive or synergistic effects targeting differ-
ent pain mechanisms in the peripheral and/or central nervous system [44].

In multimodal pain management, patient education, preemptive oral medications, regional 
anesthesia methods, peripheral nerve blocks, local infiltrations, and postoperative rehabilita-
tion are included. Most of the side effects seen in analgesia treatment are due to the parenteral 
opioid. One of the main goals of multimodal analgesia is to reduce the need for opioids.

6.2.1. Nonsteroidal anti-inflammatory drugs

Tissue inflammation in TKA surgery triggers the production of PGs that play a role in acute 
postoperative pain. NSAIDs reduce central sensitization by inhibiting central and peripheral 
prostaglandin synthesis. It may be effective for 2 weeks when inflammation continues in the 
postoperative period. Ketorolac is a nonselective COX inhibitor and has oral, parenteral, oph-
thalmic, and nasal forms. It is used in moderate and severe postoperative pain management 
after major surgeries [45]. It reduces opioid consumption when used as a part of multimodal 
pain management [46]. The use of NSAIDs can cause gastritis or peptic ulcer formation and 
impair platelet aggregation, renal function, and wound healing. For this reason, there are con-
cerns about their use in the perioperative period. Preemptive use of selective COX-2 (cyclo-
oxygenase) inhibitors (celecoxib and rofecoxib) has been shown to reduce postoperative pain 
scores in the knee surgeries [47]. The use of selective COX2 inhibitors in TKA surgeries has been 
shown to reduce opioid consumption, provide early onset of physical rehabilitation, and reduce 
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nausea and vomiting [48]. Similarly, diclofenac or ketorolac administered in a single dose in 
joint arthroplasty patients reduced morphine consumption by 29% compared to placebo [49].

6.2.2. Paracetamol

It is nonopioidand and non-NSAID analgesic. It inhibits prostaglandin synthesis in the CNS 
and plays a role in preventing central sensitization. There is a minimal effect on peripheral 
PG synthesis. Unlike NSAIDs, the anti-inflammatory effect is poor, and there are no nega-
tive effects on platelet function and gastric mucosa. It has been shown that 1 g intravenous 
paracetamol provides rapid and effective analgesia in major orthopedic surgeons [50]. 
Paracetamol can be administered 1 g/day four times. When combined with paracetamol and 
NSAIDs, better analgesia is achieved when both drugs are used alone [51].

6.2.3. Glucocorticoids

Glucocorticoids have strong anti-inflammatory effects. Corticosteroids are thought to be an 
important component because of their local anti-inflammatory effects and their ability to 
reduce the local stress response in the operation [52]. There have been many studies on cor-
ticosteroids, and conflicting evidence has been obtained about their benefits [53–58]. Some 
studies have shown that postoperative pain is improved with corticosteroids [53–56] but 
other studies do not benefit [57, 58]. In another study, postoperative pain level was lower in 
the corticosteroid group than that in the noncorticosteroid group in first 24 h [59]. In a meta-
analysis, dexamethasone, a long-acting glucocorticoid, has been shown to reduce postopera-
tive pain and opioid consumption [60]. In one study, it was shown that preoperative single 
dose iv 40 mg dexamethasone reduced dynamic pain scores [61]. Another study showed that 
dexamethasone administered as a part of multimodal analgesia in 269 patients undergoing 
TKA reduced postoperative pain and bulimia and did not increase wound complications [62]. 
In contrast to these studies, patients with a periarticular injection with high- and low-dose 
corticosteroids were compared and found no improvement in postoperative pain level [58]. 
Surgical techniques such as the surgical approach and the use of pneumatic turniken may be 
effective on early postoperative pain [63, 64]. One of the most commonly used corticosteroids 
for periarticular injection is methylprednisolone [52, 57, 65–67].

6.2.4. Opioids

Opioids have been used to provide analgesia and relieve anxiety for centuries. Opioid recep-
tors are found in many regions of the CNS. These receptors are located in the central nervous 
system, cerebral cortex, hypothalamus, thalamus, midbrain extrapyramidal area, substantia 
gelatinosa, and sympathetic preganglionic nerves. Places with the highest concentration of 
these receptors are structures and pathways associated with pain [68].

The first opioid receptors were found in 1973. Later, endogenous opioids were found. There 
are four types of receptors. These include mu (μ), kappa (k), sigma (s), and delta (d) receptors. 
Opioids show their effect by linking their receptors.
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1. Mu (μ) receptors: specific morphine agonist. It is stimulated by morphine and is responsi-
ble for supraspinal analgesia.

2. Kappa (k) receptors: they are responsible for spinal analgesia and sedation.

3. Sigma (s) receptors: responsible for dysphoria and hallucinations.

4. Delta (d) receptors: beta-endorphin and encephalin are specific agonists. It is influential on 
motor integration and urine function.

Classification of opioids:

1. Natural opioids: phenanthrene derivatives: codeine, morphine, and thebaine. Benzyliso-
quinoline derivatives: papaverine.

2. Synthetic opioids: phenylpiperidine derivatives (fentanyl, sufentanil, and meperidine), 
benzomorphan derivatives (pentazocine and phenazocine), diphenylpropyl or methadone 
derivatives (methadone and d-propoxyphene), and morphinan derivatives (levorphanol).

3. Semisynthetic opioids: dihydromorphone/morphinone, heroin, and thebaine derivatives 
(etorphine).

Morphine contains the basic properties of the majority of the structures of the opioids. The 
effects of morphine in the central nervous system, analgesia, euphoria and sedation. The most 
important effect of morphine on the central nervous system therapeutically is analgesia.

Analgesia provided by systemic opioids often accompanies side effects such as sedation, nau-
sea, pruritus, urinary retention, and constipation. However, they continue to be an important 
part of severe postoperative pain management [69]. They can be used intramuscularly, intra-
venously, orally, rectally, sublingually, subcutaneously, epidurally, or intrathecally. If patients 
are able to use the oral route, oral administration is recommended. Side effects of oral opioids 
are less frequent and are mostly related to the gastrointestinal system. Intravenous patient-
controlled analgesia (PCA) should be preferred if the parenteral route is used. Intravenous opi-
oid PCA is recommended for bolus application with appropriate lock interval without basal 
infusion. In the postoperative period, it is usually administered via intravenous PCA for the 
first 24–48 h and then is used as oral agents [44]. Oral opioids have immediate release and 
controlled release forms [70]. Rapid-release patients are effective in the treatment of moderate 
and severe postoperative pain, but are impractical because they need to be reapplied every 4 h. 
Since postoperative pain is continuous at the beginning, analgesics should be used regularly 
especially in the first 24 h. Long-acting oxymorphone and oxycodone have been shown to be 
effective in postoperative analgesia in TKAs [71, 72]. Especially morphine and fentanyl are fre-
quently used for postoperative analgesia in ТKА cases. The application of intrathecal morphine 
and fentanyl is very effective in postoperative pain control. In a study conducted, 0.2 mg and 
0.3 mg intrathecal morphine administration was shown to be effective for postoperative anal-
gesia [73]. Other studies have been done to support this study. The use of 0.5 mg intrathecal 
morphine has been shown to be more reliable and more effective than injections of 0.2 mg [74].  
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Intrathecal morphine is less hydrophobic than other opioids, has a longer duration in the 
cerebrospinal fluid, and provides very good postoperative analgesia [75]. On the other hand, 
another study reported that morphine should not be used even in small doses due to these side 
effects [76]. Opioids are known to produce more effective and long-lasting anesthesia when 
used with local anesthetics. Opioids are known to produce more effective and long-lasting 
anesthesia when used with local anesthetics [77, 78]. In a study of TKA cases, we compared the 
use of intrathecal morphine and fentanyl for postoperative analgesia and found that fentanyl 
provided more effective postoperative analgesia [79]. Long-acting opioids (LAO) are often 
used for malignant, nonmalignant, and different pain treatments. A lot of work about LAO 
(oxycodone, morphine) has been done in this regard. In a study on LAO, there was a decrease 
in pain while there was an increase in vomiting and sedation [80]. After the use of LAO (oxyco-
done), the rehabilitation of patients was found to be better in TKA cases [81]. In the studies per-
formed, intravenous PCA and oxycodone were compared and there was no difference in pain 
[82], and no difference in pain after LAO (oxycodone) used after total joint arthroplasty [83].

6.2.5. Gabapentinoids (gabapentin and pregabalin)

Gabapentin has been shown to be effective in the treatment of herpetic neuralgia, neuropathic 
pain [84], and diabetic neuropathy [85]. These anticonvulsant drugs, which have been used 
for a long time in the management of chronic pain, have started to be used in acute postop-
erative analgesia in recent years. They may cause side effects such as sedation and dizziness. 
It has been shown that administration of pregabalin (300 mg preoperatively and 150–50 mg 
twice daily for the first 14 days postoperatively) reduces the incidence of opioid consumption 
and neuropathic pain development after TKA [86]. We also have studies showing that postop-
erative analgesia is reduced after the application of preoperative gabapentin and pregabalin 
in lower extremity surgeons [87, 88]. Another study has shown that gabapentin effectively 
reduces postoperative narcotics consumption and pruritus incidence [89]. In another meta-
analysis trial, the use of pregabalin shows that it could improve pain control at 24 and 48 h 
with rest, reduce morphine consumption, and improve knee flexion level, as well as reduce 
nausea, vomiting, and pruritic event rate. However, pregabalin increased the incident rate of 
dizziness after total knee arthroplasty (TKA) and total hip arthroplasty (THA) but could not 
improve the pain control at 72 h with rest [90].

6.2.6. Ketamine

Ketamine is used by anesthetists for sedation and general anesthesia. With the detection of 
the N-methyl-d-aspartate receptor’s role in nociceptive pain transmission and central sensi-
tization, ketamine has begun to be used as a potential antihyperalgesic agent. Subanesthetic 
low doses of ketamine provide significant analgesic efficacy without psychomimetic side 
effects [45]. Low-dose ketamine has no adverse effects on respiratory and cardiovascular sys-
tem and does not cause nausea-vomiting, urinary retention and constipation or postopera-
tive ileus. In patients receiving TKA, low-dose ketamine infusion has been shown to reduce 
morphine consumption postoperatively (3 μg/kg per minute intraoperatively and 1.5 μg/kg 
per minute for 48 h) [91].
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6.3. Nonpharmacological techniques

There have been many studies on surgical techniques and equipment, but most have had 
no or limited effect on postoperative analgesia. These studies focused on drains, surgical 
approaches, tourniquet use, prosthetic types, and reshaping of the patellar surface. A compar-
ison of cooling and compression techniques with the control group showed that postoperative 
pain and morphine consumption were reduced [92]. The efficacy of TENS administration in 
postoperative analgesia after TDP was not demonstrated [93]. The results of cryotherapy are 
contradictory. The potential benefits of cryotherapy in a meta-analysis are not clinically sig-
nificant [94]. Routine use is therefore not recommended.

6.4. Preemptive analgesia

Analgesics are administered before painful stimulation to prevent peripheral and central 
sensitization. Preemptive analgesia inhibits peripheral sensitization and central sensitiza-
tion. It should also prevent inflammatory and neuropathic pain types [95]. Local anesthetic 
infiltration, regional anesthesia methods, and drugs (NMDA receptor antagonists, opioids, 
COX-2 inhibitors, nonsteroidal anti-inflammatory drugs (NSAID), and local anesthetics) 
can be used for preemptive analgesia. According to a study, preemptive analgesia is sta-
tistically significant, although not clinically significant [96]. When preemptive analgesia is 
administered, it should be considered as a method of pathological pain as well as physi-
ological conventional perioperative analgesia [97]. Preemptive analgesia is an effective 
method in clinical practice for the approach to postoperative pain involving incisional and 
inflammatory injury [98].

Drugs used in preemptive analgesia:

1. Local anesthetics

2. Nonsteroidal anti-inflammatory drugs (NSAIDs)

3. COX-2 inhibitors

4. Opioids

5. NMDA receptor antagonists

6.5. Patient education

There are two major components of pain perception: the sensory discriminative component 
and the motivational affective component [99]. Emotional component is targeted with patient 
education. Patients and their relatives are informed, and their anxiety is reduced by elimi-
nating their fears about the unknown; the realistic goals are identified, and a relationship is 
established with patients and their relatives; the patient satisfaction increases, and the pain 
scores decrease [100].
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7. Conclusion

In TKA, many methods are proposed and used for postoperative pain management. There are 
many factors that affect postoperative pain management. The age of the patient, the experi-
ence of the surgeon, the technical conditions, and the method used are some of these. Taking 
all these factors and literature into consideration, the use of multimodal analgesia techniques 
is recommended.

Systemic medications for postoperative analgesia after TKA:

1. Paracetamol

2. NSAIDs

a. Celecoxib

b. Ibuprofen

c. Naproxen

d. Ketorolac

3. Ketamine

4. Gabapentinoids

a. Gabapentin

b. Pregabalin

5. Glucocorticoids

6. Opioids

a. Morphine

b. Fentanyl

c. Hydromorphone

d. Hydrocodone

e. Tramadol

f. Extended-release oxycodone

g. Extended-release morphine

8. Key rules in knee rehabilitation

1. Bone-bond stability is a prerequisite for optimal knee function recovery [101, 102].

2. Postsurgery rehabilitation program should be started early.
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3. During the rehabilitation program, unbalanced and full weight should not be allowed un-
til a normal range of motion and walking pattern is achieved.

4. The development of reflex inhibition in the extensor or flexor mechanisms should be rec-
ognized early and must be struggled in the appropriate modalities.

5. The operated and unoperated extremities should be strengthened together.

6. For the success of the rehabilitation program, orthopedic surgeon, physical medicine and 
rehabilitation specialist, physiotherapist, occupational therapist, nurse, and the social team 
of service specialists need to communicate well.
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Abstract

A Fast-track (FT) program, a well-established approach for patients undergoing selective
operations, aims at enhanced post-operative recovery. It was first introduced by Professor
Henrik Kehlet in 1990s and was applied in colorectal surgery. With the increasing elderly
population as well as the increasing incidence of osteoarthritis, the rapid growth of require-
ment of joint arthroplasties is to be expected. Therefore, many orthopedic teams have applied
related principles to their daily practice of total knee arthroplasty to accelerate rehabilitation
with lower mortality and morbidity, and to optimize patient satisfaction. The program is a
multimodal and multidisciplinary standardized care. Various caring specialties are involved
to fulfill the goals of the fast-track program; the basic members include anesthetists, surgeons,
pain specialist, physiotherapists, nurses and even medical physicians. In general, the strategy
consists of five strands: careful patient selection, improving preoperative care, minimizing
perioperative stresses, decreasing postoperative discomfort, and improving postoperative
recovery. Through full understanding of these strands and concepts, a comprehensive, peri-
operative care is thus constructed. This review article gives reader an overall concept of fast
track surgery in total knee replacement surgery. A comprehensive search in English literature,
including case series, associate randomized controlled trials and systematic reviews were
performed using the PubMed databases in 2017 December.

Keywords: fast-track, total knee arthroplasty, multimodal, enhanced recovery,
perioperative care

1. Introduction

A Fast-track (FT) program, or more precisely named enhanced recovery after surgery (ERAS) is a
well-established approach for patients undergoing selective operations that target enhanced
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post-operative recovery [1, 2]. FT refers to a standardized, evidence-base and multimodal strat-
egy to surgery [3]. It aims at early recovery, early discharge with better prognosis and less
complications. Outpatient surgical pathways even go one step further and aim for same day of
admission and discharge of the patient undergoing selective operations.

This concept was pioneered by Professor Henrik Kehlet in the early 1990s and firstly applied in
the colorectal surgery [4]. It is then expanded to many surgical fields, e.g., gynecologic, urologic,
cardiovascular or orthopedic surgery. Over the past decades, it has been proven an effective and
beneficial program for not only patients but also surgeons as well as the health insurance system.

As increasing elderly population and increasing incidence of osteoarthritis, the growth of
requirement of knee arthroplasty is to be expected [5]. However, the difficulty in economic
health care along with increasing financial pressure has reinforced the necessity of putting FT
into the focus. An increasing number of knee surgeons have already introduced fast track
surgery for patients undergoing knee arthroplasty. It is carried out by the fast track teamwhich
composed of anesthetists, surgeons, pain specialist, physiotherapists, and nurses [6].The main
strategy consists of five strands: careful patient selection, improving preoperative care, mini-
mizing perioperative stress, decreasing postoperative discomfort, and improving postopera-
tive recovery, thus leading to potentially lower mortality and morbidity as well as optimizing
patient satisfaction. To make the FT program and related approaches easily-understood, we
classified it into 3 phases according to the proceeding of operation: the pre-, intra- and post-
operative management. (Figure 1).

2. Preoperative management

The challenge for the patients begins with the initial consultation and the decision to undergo
total knee arthroplasty (TKA). It is important to select appropriate candidates and optimize

Figure 1. Algorithm of fast track TKA surgery.
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every facet of their condition [7]. There are several key factors that should be considered to
minimize the risks of complications and comorbidities [8].

2.1. Preoperative patient assessment

The preoperative assessment should always start with a thorough history taking. Patients
often reported pain, functional deficit, or other instability symptoms. The location, duration,
severity, character, alleviating and aggravating factors should be obtained in detail. The
patients’ baseline activity level and past medical history including underlying systemic dis-
ease, surgical history, anesthetic history, allergic history, social history and current medication
should be recorded. Identification of the unfavorable conditions such as preoperative anemia
or coagulopathy is important to reduce the potential complications and comorbidities. Also,
previous surgical and non-surgical treatment should be documented. Patient’s occupation,
leisure hobbies and expectation toward surgical outcomes are inquired.

Complete physical examination is mandatory, including gait observation, inspection, palpa-
tion, measurement of range of motion, contractures and ligament stability. Gait observation is
mainly looking for the presence of antalgic gait pattern and the requirement of walking aids.
Inspection of the patients includes skin change, swelling, and associated deformity of the knee.
Following palpation should identify the area of tenderness, severity of effusion, crepitus and
patellar tracking. Measurement of range of motion, contractures and ligament stability are also
needed.

2.2. Preoperative patient education

Adequate patient education is required to prevent patients or their family from holding
unrealistic expectation. Surgeon should notify patients of what will happen during their
inpatient stay, associated risks and the postoperative recovery plan. Some educational class
illustrating the whole procedure and related impacts are therefore arranged for the candidates
for TKA. In addition, the identification of assistive care companion at home is important to
clarify the availability and ability of nursing after discharge, leading to the reduced anxiety of
the patients for the coming surgical interventions. Through sufficient patient education and
discussion, less anxiety with enhanced patient compliance could be expected [9].

2.3. Preoperative preparation

2.3.1. Infectious prophylaxis

One of the great challenge for orthopedic surgeon was avoiding the prosthetic joint-associated
infections [10]. Several patients’ preoperative conditions are considered as risk factors for
increasing the rate of infection after TKA. Risk factors include old age, poor nutritional status,
extreme body mass index, smoking, rheumatoid arthritis or diabetes mellitus [11–13]. Previous
histories of trauma, steroid injection, or infection elsewhere in the body are also associated
with increasing rates of infection. According to the Surgical Care Improvement Project initi-
ated in 2004, rate of wound infections was reduced by the administration of prophylactic
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antibiotics. Current literature suggested that systemic administration of prophylactic antibi-
otics should be given within 60 min of surgical incision [14].

2.3.2. Preemptive analgesia

Analgesia given prior to surgery is assumed to prevent peripheral and central sensitization.
Preemptive medications such as NSAIDs, COX-2 inhibitors, and the neuropathic agent gabapentin
and pregabalin have all shown promising result in reducing the magnitude and duration of
postoperative pain [15]. However, the optimal dose, timing of administration, and whether there
is potential benefit of continuing the analgesics during operation remain debating issues.

3. Intraoperative management

With the revolutionary advances in the surgical and anesthetic fields, many surgical proce-
dures are now routinely performed on outpatient basis. Currently, with the combination of
multiple strategies that target at minimizing surgical stress, many orthopedic surgeons are
now applying the concepts of fast track program to their clinical practice. Fast track knee
arthroplasty or even outpatient joint arthroplasty is increasingly performed. To reach the goal
of fast track, there are 5 major strategies to be aware of: anesthesia approach, duration of the
surgical procedure, minimally invasive surgical approach, blood management, and the main-
tenance of normothermia.

3.1. Anesthesia approach

The potential impact of different types of anesthetic technique administered during TKA on
postoperative outcome remains controversial. Different anesthesia approaches may affect the
incidence of surgical site infection, urinary retention, and also pose different impact on medical
cost. There are two anesthetic techniques that are often used in TKA, general anesthesia and
spinal anesthesia. In current literature, spinal anesthesia is a more recommended anesthetic
approach as it is associated with more favorable postoperative outcomes, lower complication
rate and lower 30-day mortality. Patients receiving spinal anesthesia are observed to experi-
ence shorter length of hospital stay, lower rate of pulmonary embolism, pneumonia, cerebro-
vascular events, acute renal failure and the need for blood transfusion [16, 17].

Regional anesthesia also plays a role in fast track program. Peripheral nerve blocks such as
femoral nerve blocks and adductor canal blocks are often used in TKA in assistance with spinal
or general anesthesia. It is assumed that peripheral nerve blocks provide supplemental anesthe-
sia and analgesia effect during the perioperative and postoperative periods. Reported benefits
include shorter length of hospital stay, less opioid consumption and earlier participation in
physical therapy [18–20]. Reduced risk of hypotension and urinary retention were also observed
in patients receiving regional anesthesia comparing with patients receiving epidural anesthesia.

Local infiltration anesthesia (LIA) has been gaining focus in recent years, as several well-
conducted studies had indicated the potential benefits postoperatively [21, 22]. LIA consists of a
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mixture of medications that include long-acting anesthetic, NSAIDs and epinephrine. Regimen
varies from institution to institution. It is injected to the posterior capsule, collateral ligaments,
capsular incision, quadriceps muscle tendon, and the adjacent subcutaneous tissues. Significant
reduction in opioid consumption, improvement in pain VAS score and patient satisfaction are
observed in patients receiving LIA [21, 22].

3.2. Duration of the surgical procedure

The duration of the surgical procedure should be minimized as short as possible. However, the
delay in operation duration is frequently reported with revision surgeries, the use of computer
navigation and inexperienced surgeons. Prolonged operative time may be highly associated
with the increase rate of surgical site infection, deep wound infection and other associated
complications [23].

3.3. Minimally invasive surgical approach

Minimally invasive approach for total knee arthroplasty was introduced in 1990s, and popu-
larized in recent 10 years. The minimally invasive approach allowed smaller wound incision,
less soft tissue trauma, less invasion to muscle, especially vastus medialis obliquus (VMO).
Minimally invasive approach has transformed from conventional parapatellar approach, and
later converted to sub-vastus approach, which boasted no invasion to VMO, and had less soft
tissue damage during the procedure. However, with VMO preserved the surgical field clear-
ance decrease and may lead to difficulties in prosthesis sizing, and placement. Mini-midvastus
approach was then introduced, and was shown to have similar outcomes comparing to sub-
vastus approach [24, 25].

Through minimal invasive approach, extensor muscles were maximally preserved. Large scale
of RCTs showed the better short-term outcomes including better knee flexion/ extension
torque, faster days to raise leg, greater range of motion, higher in knee society score (KSS), less
total estimated blood loss and less postoperative pain [26, 27]. However, minimal invasive
approach may also contribute to longer tourniquet time and operating time, as well as wound
complication. In term of long term outcomes and longevity, there is still insufficient evidence to
declare that minimal invasive approach had long term advantages over conventional total
knee arthroplasty.

3.4. Blood management strategy

Perioperative blood loss of TKA can be significant. It could lead to resultant anemia which
leads to further need of blood transfusion associated morbidity and mortality [28]. Therefore, it
is always an important issue to avoid massive blood loss during and after TKA procedure.

During TKA, a pneumatic tourniquet is commonly used to provide clear surgical field and
significantly reduces blood loss and surgical time [29]. However, no significant difference was
shown for postoperative knee-extension strength, hemoglobin level, pain, nausea, length of
hospital stay, and local swelling.
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antibiotics. Current literature suggested that systemic administration of prophylactic antibi-
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Antifibrinolytic agents such as tranexamic acid (TXA) decreased the rate of fibrinolysis and
therefore stabilizes fibrosis clot [30]. It can be administrated by oral, intra-venous, intramuscu-
lar, or intra-articular. Current literature had shown the effect of reducing blood loss, less
reduction of postoperative hemoglobin and less swelling with strong evidence [31–33]. In
addition, there’s no increased risk for deep vein thrombosis (DVT) among related studies.

3.5. Maintenance of normothermia

Maintenance of intraoperative normothermia (defined as a condition of normal core body
temperature around 36.5 to 37.5�C) is recommended in current surgical guidelines (AHRQ,
WHO, and SCIP) in order to minimize the incidence of complications. Although most surgical
guidelines recommend maintaining patients in a normothermia status, the role is still contro-
versial and unclear as these guidelines are often based on limited evidence outside the field of
orthopedics. Several studies have suggested that perioperative hypothermia may increase
perioperative blood loss, transfusion rate, risk of surgical site infection or the incidence of
cardiovascular morbidities.

Patients who underwent general anesthesia or experienced longer operating time were at higher
risk of who developing hypothermia. However, some studies showed the contrary result. Even
though hypothermia increases the amount of estimated blood loss, it did not increase transfusion
rate, postoperative complications, length of hospital stay or the rate of 30-day readmission [34].
In general, it is still recommended that patients’ core temperature should be constantly moni-
tored throughout the operation to maintain normothermia status.

4. Postoperative management

The goal of postoperative management is to enhance recovery and encourage patients to
participate in physical rehabilitation soon after surgery. To optimize outcome and prognosis,
multiple evidence-based principles of postoperative care are required.

4.1. Traditional care principles

Recent studies do not recommend the routine insertion of drain, nasogastric tube, or urinary
catheter after surgery, as these tubes limit the patients to their early mobilization and ambula-
tion [35].

4.2. Infectious prophylaxis

Postoperative prophylactic antibiotics are often used, but the duration was recommended no
longer than 24 hours postoperatively [14].
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4.3. Thromboprophylaxis

Patients who undergo TKA are at high risk of venous thromboembolism(VTE) as the inci-
dence of symptomatic and asymptomatic VTE is 10% and 40–60%, respectively [36, 37].
After admission, a complete assessment of VTE risk is performed. Thromboprophylaxis
measures include general, mechanical and pharmacological strategies. General thrombopro-
phylaxis including avoidance of dehydration, early mobilization and lower limb range of
motion exercises are applied to patients at any risk. Mechanical thromboprophylaxis includ-
ing stockings or intermittent pneumatic calf compression are used during operation. While
pharmacological strategies, for instance, low molecular weight heparins should be started 6
to 12 hours after surgery [38].

4.4. Pain relief

TKA is often associated with moderate to severe postoperative pain during the early postop-
erative period. Effective pain management following total knee arthroplasty is critical for
which enables early mobilization, ambulation and even patients’ satisfaction via the reduced
adverse physiological and psychological responses [39, 40].

In traditional clinical practice, opiates play a major role in postoperative pain management.
However, despite the strong analgesic effect of opiates, there are a number of associated adverse
effects, e.g., nausea, vomiting, or risk of addiction. The associated adverse effects could further
delay the recovery of the patients and increase the overall healthcare expenditure. Current
literatures recommend the application of opioid sparing regimen with multimodal analgesics. It
was proven to provide adequate pain control and avoidance of opioid-related adverse effects.
Combination analgesics such as paracetamol, NSAIDs, COX-2 inhibitors, neuropathic medica-
tion or NMDA antagonist block different pathways of pain to optimize analgesic efficacy [41].
Combination therapy also reduces the required dose of individual medication which further
lowers the incidence of medication adverse events. Other alternative modalities such as cryo-
therapy, through the application of cool water to the surgical site or transcutaneous electrical
nerve stimulation (TENS) are also taken into consideration, as studies have shown to reduce the
acute pain after surgery [42, 43].

4.5. Ambulation and exercise

Early ambulation and exercise should be valued as an important part of the fast track program
as it provides a range of health benefits [44]. Current literature suggests that rehabilitation and
physical therapy initiated on the day of surgery. Early mobilization potentially prevents
complications such as venous thromboembolism, atelectasis, urinary tract infection, stroke,…,
etc., [45]. Furthermore, it was reported by related studies to reduce length of hospital stay,
post-operative morbidity and mortality, improved patient satisfaction, and reduced VTE and
its sequelae [45, 46].
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5. Authors’ experience

As the most cost-effective surgical intervention for arthritic knee, TKA has become the daily
practice of many orthopedic surgeons. Based on the supportive literature and our past experi-
ences in establishment of clinical pathway, we believe the concepts and approaches of fast-
track program (or enhanced recovery after surgery) are patient-friendly and practical. We
found it a great idea to integrate various caring specialties to construct a comprehensive
program throughout the perioperative duration.

Within a decade, we had shortened the length of stay of our patients from 12 days to less than
a week using only part of the aforementioned recommendations in FT program, though more
elder patients and unchanged criteria of discharge. In our institution, better recovery and
satisfaction are to be expected after the completion of detailed preoperative education and
evaluation.

6. Conclusion

In conclusion, fast track program represents a multimodal and multidisciplinary standardized
care which aimed at early mobility, early discharge with better prognosis and less complica-
tions. By combination of preoperative, intraoperative, and postoperative strategies, the syner-
gistic effects are shown to improve peri-operative outcomes. Decreasing length of hospital stay,
complications, and overall medical costs can be expected. For a well-established surgical
intervention as TKA, FT program provides benefits for the patients with their earlier recovery,
early discharge with better prognosis and less complications. Further, the approaches of FT
program will keep up with continued understanding of perioperative pathophysiology,
improved care and evidence-based interventions.
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