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1. Introduction

Tibial osteotomy is a procedure that is used to correct misalignment of the lower limb. It
aims to improve the pain and/or knee functions, through the correction of varus deformity.
The technique has been used for many years, and is now consecrated in medical circles.

In the literature, we find descriptions of the technique dating back to the 50s, with Jackson
(Jackson, 1958). However, it was not until the 70s, with the publications of Conventry
(Coventry, 1969 and 1973) and Insall (Insall, 1975), that proximal tibial osteotomy became
common practice. At that time, closing wedge osteotomies were performed, despite the greater
technical difficulty and risks involved, as there were no fixation materials available that could
enable opening wedge osteotomy. Only after the development of medial wedge plate fixation
that opening wedge osteotomy became applicable (Puddu, 2004).

Proximal tibial osteotomy has been increasingly used, because it is no longer indicated
exclusively for the treatment of medial arthrosis resulting from primary varus. This
technique is currently indicated for patients with other varus deformities, independent of
the presence of arthrosis, such as lesions of the cartilage, meniscus, and ligaments (double
and triple varus).

Patients with varus deformity generally have asymmetrical wear of the knee joint. This is
due to the concentration of axial force in the medial compartment, which causes greater
impact on the subchondral bone of this compartment, intravenous hypertension, and
microfractures of the subchondral bone. Over time, this overload results in the deformity
and pain that characterize arthrosis (Lobenhoffer et al., 2003).

2. Indications
2.1 Primary varus

The classical indication of valgizing osteotomy of the tibia is osteoarthritis of the medial
compartment of the knee, associated with varus deformity (Murphy, 1994) (primary varus).
In this situation, patients complain of pain in the medial compartment, and varus deformity
is observed in the clinical examination. In recent years, osteotomy has no longer been an
indication that is restricted to cases of primary varus. Patients with joint injuries affecting
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the medial compartment, with lesions of the medial meniscus and osteochondral injury
associated with genu varum (bow-leggedness) require correction of the leg misalignment, in
order to treat the injuries. Another common indication is cases of ligament instability
associated with genu varus.

2.2 Double varus

Double varus consists of the presence of varus bone deformity accompanied by injury of the
central ligament and/or lateral collateral injury, which presents lateral pivot shift of the
lateral condyle. Clinically, an opening of the lateral compartment when stress is placed on it
is observed in joint varus (Noyes et al., 2000).

2.3 Triple varus

Triple varus is characterized by the association of varus deformity with central ligament
insufficiency (anterior and posterior cruciate ligaments, ACL and PCL), and failure of the
posterolateral corner (Noyes et al., 2000). In this situation, there is an increase in external
rotation of the limb during walking, with the presence of recurvatum.

In cases of double and triple varus, opening wedge tibial osteotomy should be carried out
simultaneously to the ligament treatment, or in an initial operation (Franco et al., 2002).
Correction in a single operation is long and tiring, involving greater risks for the patient. It is
preferable to correct the bone in the first operation, as in some cases, an adaptive
retensioning of the lateral structures is observed. It should be emphasized that it is common
for patients submitted to ligament reconstruction to develop instability due to the failure to
correct the mechanical axis (Noyes et al., 2000).

3. Contraindications

Osteotomy is contraindicated in patients with signs of tricompartmental arthrosis, injury in
the lateral compartment (meniscus and/or osteochondral injury), deformities greater than
20 degrees, extension deficit, or a range of movement of less than 90 degrees. The following
are considered relative contraindications: obesity, smoking and patellofemoral pain.
Generally, upper tibial osteotomy provides beneficial results, when carried out at the start of
evolution of the process of arthrosis in younger individuals. Thus, the procedure is
contraindicated in individuals aged over 60 years with a low level of physical activity. These
patients would benefit more from arthroplasty (Hernigou et al., 1987).

4. Surgical technique

The most common techniques used in tibial osteotomy are: opening wedge, closing wedge,
cupuliform and biplanar. This chapter addresses opening wedge osteotomy, as it is the most
commonly used and the most widely-cited technique in the recent literature, according to
the results of a search on the Pubmed database using the terms “osteotomy”, and “genu
varus”.

Closing wedge tibial valgization osteotomy was frequently used in the 1970s and 1980s, but
lost space with the popularization of open wedge osteotomy(Esenkaya and Elmali, 2006,
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Benzakour et al, 2010). The procedure consists of making a subtractive wedge in the lateral
and proximal region of the tibia (metaphysiary region), which provides correction of major
deformities, without requiring a bone graft. However, besides the higher risk of
neurovascular lesion due to the lateral access route, it also has the disadvantage that it
requires osteotomy of the fibula (Magyar et al., 1999, Gaasbeek et al, 2010).

Opening wedge high tibial osteotomy (HTO) has become popular in recent years because it
enables a medial approach, which minimizes the risks of neurovascular lesion and the need
for dissection of the soft tissues. It enables the wedge to be opened and closed during the
procedure, giving a better end result. Another advantage of this technique is that it enables
earlier mobility and immediate weight-bearing, depending on the implant used (Esenkaya
and Elmali, 2006).

The main disadvantages of opening wedge are: increased height of the patella, the need to
introduce a bone graft, which adds risks of pseudoarthrosis, and delayed consolidation
(Puddu, 2000).

4.1 Preoperative planning

The preoperative planning consists of radiographic evaluation of the knee in the anterior-
posterior profile and axial views of the patella, lateral view of the knee and panoramic view
with full weight-bearing.

In the radiographs, we observe the degree of arthrosis (Ahlbdck, 1968) of the medial
compartment, the height and signs of arthrosis of the patella, and the integrity of the lateral
compartment, in cases of primary varus (Fig. 1). In patients who present double and triple
varus, panoramic radiography can show a larger opening in the lateral compartment,
compared with the normal side, due to ligament insufficiency of the lateral structures of the
knee.

4.2 Determination of the mechanical axis

Panoramic radiography with full weight-bearing is essential, as it determines the
mechanical axis of the limb and enables the opening wedge to be calculated. The
mechanical axis is measured by drawing a line from the center of the femoral head to the
center of the knee, and from this point to the center of the ankle. The intersection of the lines
on the knee gives the degree of varism (Dugdale et al., 1992).

Nuclear magnetic resonance imaging is an important complementary exam that should be
requested, as it provides important and detailed information on the degree of impairment of
the patellofemoral joint cartilage of the medial and lateral compartment. As stated above,
the presence of lesion of the cartilage in the lateral compartment or lateral meniscal lesion
contraindicates osteotomy for correction of primary varus. Furthermore, in cases of double
and triple varus, magnetic resonance imaging helps in the diagnosis of peripheral and
central ligament lesions, contributing to the surgical planning (Murphy, 1994).

4.3 Calculation of the opening wedge

The opening wedge is calculated using the method of Dugdale, with the objective of
transferring the axis of weight-bearing to 62% of the surface of the tibia laterally, in cases of
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primary varus. This correction enables a final angle of 3 to 6 degrees of valgus from the
mechanical axis to be obtained (Dugdale et al, 1992). This calculation is done using

panoramic radiography with full weight-bearing.

Fig. 1. Radiography of the knee with medial osteoarthrosis and varus deformity

www.intechopen.com



Opening Wedge High Tibial Osteotomy 119

Fig. 2. Panoramic radiography with full weight-bearing on the lower limbs with measuring
of the mechanical axis

The angle of correction is obtained from the intersection between a line drawn from the
center of the femoral head to the point previously found on the surface of the knee for
transfer of the axis of weight-bearing (62%) and another line from this point to the center of
the ankle (Fig.3) (Dugdale et al., 1992).
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Fig. 3. Measuring the opening wedge

It is important to clarify that the degree of correction influences the final result of the
surgery (Hernigou et al., 1987). Hypocorrection gives unsatisfactory clinical results (Insall et
al.,, 1984; Amendola, 2003), as does hypercorrection, which can compromise the lateral
compartment more than desired.

In patients with double and triple varus, the aim of calculating the opening wedge is to
transfer the axis of weight-bearing to the center of the knee, i.e. to achieve a final mechanical
angle of 0 degrees (Noyes et al., 2000). This is done in the same way as in cases of primary
varus, but the line from the center of the ankle and from the head of the femur cross in the
center of the knee, forming the angle of correction.

4.4 Description of the surgical technique

The surgical procedure is done with the patient in dorsal decubitus, under rachianesthesia.
Before osteotomy, arthroscopy of the knee should be performed to treat the joint lesions:
meniscus, cartilage and removal of loose bodies.

Opening wedge osteotomy is done with the aid of radioscopy. First, a longitudinal incision
is made in the proximal and medial third of the tibia. This is followed by dissection of the
pes anserinus (goose’s foot) and superficial medial collateral ligament. Two parallel
Kirshner wires are passed from medial to lateral in the direction of the head of the fibula,
taking care to pass over the anterior tuberosity of the tibia. After confirming that the wires
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are in the correct position, the bone is cut, leaving the lateral cortical intact. The wedge
opening calculated in the preoperative planning is then performed. The alignment obtained
can be checked during the surgery, with the navigation system (Song et al., 2007) or by
means of a metallic guide that enables the axis of weight bearing of the knee to be verified,
through radioscopy.

For fixation of the osteotomy, there is great variety of plates available that provide
stabilization. These differ in terms of design, use of wedge and angular blocking system.

Bone graft is indicated in opening wedges larger than 7.5 degrees (Puddu, 2000), to give
added stability and consolidation potential. The graft may be homologous or artificial. The
advantages of artificial graft are the shorter surgery time and lower risk for the patient. But
we observe, in the radiographic evolution, a longer integration time of this graft compared
with homologous graft, which does not influence the time to liberation of weight-bearing for
the patient (data not published, submitted to publication).

After the procedure, the patients are not immobilized, and are encourage to become mobile
earlier. Partial weight-bearing is allowed at six weeks with full weight-bearing at 10 weeks,
on average, accompanied by radiographic consolidation.

5. Complications

Various complications of osteotomy have been cited in the literature (Esenkaya & Elmali,
2006; Paccola & Fogagnolo, 2005), such as: fracture of the lateral cortical, intra-articular
fracture, hypo or hypercorrection, alteration in tibial slope, infection, pseudoarthrosis, deep
vein thrombosis and infection.

5.1 Lateral cortical fracture

Lateral cortical fracture is a severe complication that can occur during the surgical act,
decreasing axial resistance (47%) and rotational resistance (54%) of the osteotomy (Puddu,
2000). It occurs when the lateral tibial cortex is perforated or cut by the chisel. We also
observed this complication when we opened the osteotomy wedge with the anterior and
posterior cortexes intact. It is diagnosed during surgery through the observation of
subluxation of the osteotomy. When this complication occurs, it is necessary to add a lateral
fixation (screw or hook) at the apex of the opening wedge, to increase the stability of the
osteotomy (Paccola & Fogagnolo, 2005) (Fig. 4).

5.2 Intra-articular fracture

Intra-articular fracture is a rare complication arising from an incorrectly positioned
osteotomy cut. Excessive slope in the articular direction, or a cut in which a very thin
proximal fragment is left increase the risk of this type of complication (Fig. 5).

To avoid this, it is necessary to pass the guide wires distally on the medial surface of the
tibia, 4 cm from the joint surface, positioned towards the head of the fibula, with
observation by fluoroscopy. In the case of fracture with deviation, it must be reduced and
fixed with screws.
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Fig. 4. Screw fixation in fracture of the lateral cortex
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Fig. 5. Correct position of the tibial osteotomy

5.3 Hypo- and hypercorrection

Hypo- and hypercorrection in opening wedge valgizing tibial osteotomy are undesirable
complications observed in most cases, following surgery (Rinonapoli et al., 1998). This gives
an unsatisfactory result, as the level of final correction is directly linked to the end result of
the osteotomy (Rinonapoli et al., 1998, Benzakour et al, 2010). Various techniques are used
before and during surgery to increase the likelihood of achieving precisely the desired
correction. Preoperative planning with radiographies, as described earlier in this chapter, is
of great value, and should always be used. During surgery, clinical observation of alignment
is used, as well as the technique of guide wire which, positioned by the surgeon on the
anatomical points of the lower limb, indicates the site of the weight-bearing axis in the knee,
under observation of radioscopy. Recently, we used the navigation system as the main
instrument for controlling the degree of correction of the osteotomy (Song et al., 2007).
Navigation in the osteotomy adds greater accuracy and precision, despite the longer surgery
time (Gebhard et al., 2011).

5.4 Slope

The tibial slope is, on average 10 degrees of posterior inclination Clarke et al., (2001).
Opening wedge tibial osteotomy enables this slope to be altered. In the vast majority of
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cases, we see an undesirable increase in tibial slope, which causes a loss of knee extension,
and also an overload in the anterior cruciate ligament (Song et al., 2007). Patients who
present insufficiency of this ligament evolve with worsening instability (Song et al., 2007).
The best way to control the tibial slope is through observation of the osteotomy wedge
opening. This should present an anterior opening of two thirds of the size of the posterior
(Song et al., 2007), forming a trapezoidal opening wedge at the medial border of the tibia
(Fig. 6). The navigation system is of great help in controlling the mechanical axis and also
the tibial slope (Hart et al., 2007).

Fig. 6. Opening wedge in trapezoidal form

5.5 Pseudoarthrosis

Pseudoarthrosis is a rare complication that occurs in up to 5% of cases (Miller et al, 2009,
Meidinger et al,2011, Valkering et al, 2009). It mainly occurs when no stability is added at
the osteotomy site, or in the absence of bone graft in the opening wedge (Noyes et al.,
2000). It recognizes the introduction of bone graft in openings greater than 7.5 mm
(Puddu, 2004).

Deep vein thrombosis and infection are inherent complications to any surgical procedure.
Prophylactic care should be followed, according to the clinical criteria of each patient.
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Few complications of HTO are described in the literature (Jackson and Waugh, 1974,
Rinonapoli et al., 1998; Song et al., 2007; Gebhard et al., 2011, Hart et al., 2007, Ribeiro et al.,
2009, Miller et al., 2009, Meidinger et al, 2011, Gaasbeek et al, 2010). However, due to the
continuous development of the technique and of new synthesis materials, new studies
should be undertaken in order to evaluate the complication rates according to each modality
of HTO.

6. Recent advances

In recent years, we have seen an increase in the number of publications on the use of the
computerized navigation system in osteotomy (Gebhard et al., 2011; Hart et al., 2007). Its
purpose is to help obtain the ideal final mechanical axis. Navigation works through the
implantation of positioning sensors in the thigh, knee and leg. It provides a very accurate
measurement of the mechanical axis of the tibial slope during the surgical procedure. As
mentioned earlier, the final mechanical axis obtained directly influences the result of the
osteotomy. Simple clinical observation and/or the use of the scalpel handle in the
radioscopy do not show great precision (Noyes et al., 2000). But the navigation system
gives accuracy and precision to the osteotomy, despite the increased surgery times and
the risk of fracture of the femur and tibia (Song et al., 2007; Gebhard et al., 2011; Hart et
al., 2007).

7. Final considerations

The precise indication for HTO is essential to obtain good results. Clearly, the satisfactory
result of the HTO is directly related to the final correction obtained, therefore it is important
to carry out preoperative planning and intraoperative follow-up with the navigation or
radioscopy. The technical precautions should be carefully observed, to avoid the surgical
complications described here.
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