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1. Introduction

The management of post-traumatic deformities of the lower limb, either occurring
immediately after failed primary fracture treatment leading to malunion, or developing
gradually caused by an injury of the growth mechanism, is an everlasting challenge, the
orthopaedic surgeon has to face.

Precise preoperative planning is a key principle of success in orthopaedic surgery.
Traditionally, preoperative planning has been performed on standard radiographs with
various techniques. Recently, digital templating has been proposed as a method using
electronically overlay templates from a digital library on clinical radiographs for
arthroplasties.

2. Case report

A 37-years-old man was suffering of mechanical knee pain. He previously had a non-union
left diaphyseal tibial fracture and had undergone a reduction and internal fixation at least
three times, an anterior cruciate ligament reconstruction with a patellar tendon autograft
and a medial collateral ligament reconstruction with hamstring tendon autograft some 15
years ago. Pre-morbility, he was HBV positive. Clinical examination revealed a combined
valgus deformity by a medial collateral ligament insufficiency and a tibial shaft deformity in
a multioperated lower limb with range of motion (ROM) of 0° to 140°. Radiographs revealed
a malunited diaphyseal tibial fracture and degenerative changes in articular cartilage of the
lateral compartment of the knee (Fig. 1). The patient, was at a relatively young age to receive
a total knee arthroplasty. Additionally, he displayed good range of motion, so the patient
was candidate for an osteotomy to correct the supero-lateral tilt to the joint line. (Badhe &
Foster, 2002; Goradia and Van Allen, 2002; Phisitkul et al, 2006).

2.1 Deformity analysis

In order to analyze deformity and choose the osteotomy level we used the methods which
have been described by Paley 2002. The authors have developed a universal system of
geometric deformity planning based on the mechanical or anatomic axes. The place where
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176 The Role of Osteotomy in the Correction of Congenital and Acquired Disorders of the Skeleton

the axes intersect is the center of rotation angulation (CORA) of a deformity. Osteotomy
level and type should be considered relative to the CORA enabling us to avoid creating
secondary deformities. This type of planning is applicable to both frontal and sagittal plane
deformities.

¥

Fig. 1. Initial clinical and radiographs examination

True anteroposterior (AP) and lateral radiographs of the femur and tibia should be obtained
with the knee in neutral rotation (patella forward on the AP projection). A full-length
standing AP radiograph of both lower extremities including the hip, knee, and ankle on one
film with the patella forward allows simultaneous assessment of alignment, length, and
knee joint stability.

We have no significative deformity in the axial or sagittal plane and have a valgus knee
deformity in the coronal plane that is more evident when the patient is walking because of
medial collateral ligament insufficiency. So we have a static deformity due to malunited
diaphyseal tibial fracture and a dynamic valgus instability caused by medial ligament
injury.

When we apply the Paley’s analysis we realise that we have another static component, the
medial distal femoral mechanical angle (MDFMA) has 83° when the normal MDFMA has
87°. And what can we say about the tibial shaft? When we make the tibial mechanical axis
planning, we come to the conclusion that this is a multiapical angulation with two CORAs,
one proximal to eight centimetres of the knee joint and one distal to 13 centimetres of the
ankle joint, this is the site of the old tibial shaft fracture (Fig 2).
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Fig. 2. Full-length standing AP radiograph of both lower extremities including the hip, knee,
and ankle. Osteotomy Planning Using the Anatomic Method described by Paley

We have used digital templating in a clinical session, with commercially available software
(Adobel Photoshopl CS4; Adobe Systems Inc, San Jose, CA) (Jamali, 2009) to quickly and
conveniently choose two osteotomies options. The size and shape of an opening wedge and
closing wedge can be predicted and planned before surgery with the software. The virtually
osteotomized tibia can then be freely transformed and rotated until the desired correction is
achieved on the image. The final mechanical axis of the extremity can also be confirmed on
this image to run in the desired position.

In order to prepare the two strategies we have used digital templating: (A) Osteotomy level
selection: The level of the initial transverse osteotomy is drawn on the long, standing
radiograph, then, the selection tool is used to select a rectangle around the entire tibia, ankle,
and foot. (B) Osteotomy fragment reorientation: This image selection is copied and pasted
into a new layer using the software. The virtually osteotomized tibia can then be rotated
using “rotate canvas arbitrary”. This command rotates the image (clockwise or
anticlockwise) by an arbitrary angle. However, we decide the value of the rotation angle in
degrees, the value of the osteotomy. The final mechanical axis of the extremity can also be
confirmed on this image to run in the desired position and the lateral cortical opening can be
measured on the pre-operative plan. (Fig 3)
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Fig. 3. Osteotomy level selection and osteotomy fragment reorientation with Adobel
Photoshop1 CS4.

In this case, we plan two strategies. First option (no shown), one osteotomy for each
problem, making of a lateral opening wedge femoral osteotomy of 5° and two tibial
osteotomies one in each CORA, a proximal medial closing wedge tibial osteotomy of 9° and
other distal lateral opening wedge tibial osteotomy of 6°. But we have to be aware that we
are going to do last osteotomy on an old fracture focus. Second option (Fig 4) is making a
lateral opening wedge femoral osteotomy of 5° and one medial closing wedge tibal
osteotomy of 16° upper of the proximal CORA. This option has some advantages; there are
places that don’t have any previous surgeries, with no skin incisions and allowing fixation
with two plates. However we have to accept a slight translational deformity. We opted for
the second strategy.

2.2 Surgical technique

Distal femoral opening wedge osteotomy was performed according to Puddu (Arthrex,
Naples, FL) at the distal epiphyseal region. The distal femur was approached laterally at the
distal epiphyseal region. A 3-mm guide wire is drilled in the lateral condyl 1 cm above the
lateral epicondyle, and directed to the origin of the medial collateral ligament (adductor
tubercle) under fluoroscopic control. Over this wire a special sleeve is placed to determine
the osteotomy plane. The osteotomy is made using an oscillating saw ending approximally 5
mm lateral of the medial cortex. The osteotomy plane is spread using special spreading
wedges. The Puddu plate, which is designed with varying spacer blocks, is then placed over
the osteotomy gap and secured proximally with traditional bicortical screws and distally
with partially threaded cancellous screws. The wedge is filled with bone allografts.
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Fig. 4. Option selcted: Lateral opening wedge femoral osteotomy of 5° and one medial
closing wedge tibal osteotomy of 16° upper of the proximal CORA

Before medial closing wedge tibial osteotomy (TO) was made, a fibular transection was
performed at the junction of the middle and distal thirds through a separate incision and the
peroneal nerve was exposed and protected. A five to 6 centimetres long incision is made on
the medial side of the tibia just at the level of the osteotomy, which is confirmed by placing a
needle under fluoroscopic control, then we performed the TO using an oscillating saw, 8 cm
below the medial joint line, bone wedge size was based on the preoperative calculations
from the long leg standing radiograph (Fig 5). Finally, fixing it provisionally in position with
a medial small locking compression plate (3,5mm LCP plate Synthes, Paoli, PA) and was
ultimately fixed with a lateral 4,5mm LCP plate.

The definitive axis and the osteosynthesis are checked with the image intensifier. In order to
assess mechanical axis deviation correction intraoperatively, a cautery cord is stretched from
the center of the femoral head to the centre of the ankle plafond.

The last stage is to perform the posteromedial ligaments reconstruction with contralateral
gracilis autograft, through a curvilinear medial-sided incision from the anteromedial
proximal tibia to the medial femoral epicondyle. It is tensioned at 30 degrees and fixed with
two bioabsorbable interference screws.
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Fig. 5. Medial closing wedge TO fluoroscopic control

2.3 Postoperative management

Postoperatively, the leg was placed in a hinged knee brace locked 30° of flexion (Fig), due to
medial ligaments reconstruction. The patient was initially non-weight bearing, with
crutches. The patient was allowed to undergo protected range of motion from 0 to 90° at 4
weeks postoperatively. Full range of motion was regained after 8 weeks, because of the
distal femoral osteotomy which slowed down rehabilitation. However, even with two extra
articular procedures, postoperative arthrofibrosis did not occur. Partial weight bearing was
allowed 12 weeks after the operation. The patient returned to full weight bearing 20 weeks
after the operation.

2.4 Results

Patient was very satisfied with the result. He kept a full range of motion and he could walk
and ride a bike without any significant pain (Fig 6) However, even if improvement in gait
pattern was achieved the medial collateral ligament remained slightly lax.

His osteotomy sites appeared healed and the tibiofemoral angle was corrected, the time
needed to achieve complete clinical and radiographic bone union was 12 weeks. No
complications were encountered, such as delayed union, nonunion, deep infection, skin
necrosis, peroneal nerve and vascular injury. There was one case of superficial infection; this
was fixed by surgical debridement and antibiotic treatment.

3. Conclusion

Commercially available software can be used with a step-by-step technique for orthopaedic
applications with lower cost and increased flexibility than commercial orthopaedic software.
We have used this technique of digital templating to discuss all osteotomies options in order
to quickly and conveniently choose the best option for this post-traumatic valgus deformity.
The size and shape of an opening wedge and closing wedge can be predicted and planned
before surgery with the software.
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Fig. 6. Clinical view and range of motion at the last follow-up.
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Fig. 7. Full-length standing AP radiograph of both lower extremities. Before (left side) and
after (right side) osteotomies.
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