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Abstract
Total knee replacement (TKR) is a surgical interference in advanced knee
osteoarthritis or traumatic injury. Patient-specific instrument (PSI) for TKR
is a computer-assisted orthopaedic surgery (CAOS) which relies on
preoperative planning on CT or MRI. The introduction of computer
technology in orthopaedics did not only allow for the production of PSI but
also customized implants. In this work, we demonstrate a TKR procedure
for dog that was done by PSI and customized implants.
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Introduction:
The knee joint is a complex joint and is considered the most stressed joint in
the body [1, 2]. The canine’s stifle is closely matched to the human knee in
both macroscopic and microscopic anatomy apart from the size, the intraarticular long digital extensor tendon and the lateral and medial sesamoids
in the head of the gastrocnemius muscle [3]. TKR was developed to address
arthritic conditions and degenerative joint diseases which involve joint
capsule synovium, articular cartilage and subchondral bone as well as bony
over growth [4–6].
Computer-assisted orthopaedic surgical (CAOS) techniques such as robotics
and navigation started in the 1980s with several neurosurgical applications.
The technology transferred from neurosurgery to orthopaedics for spine, hip
and knee surgery. It developed from active robotics navigation systems such
as navigation by intraoperative fluoroscopy or image-free [7, 8].
Canine knee arthroplasty was experimented to study of bone ingrowth with
porous coated stainless steel hinged knee implants [9]. This experiment was
further detailed by using unconstrained condylar prosthesis with a wide
bearing surface and single radius of curvature on both the femoral and tibial
components [10]. Afterwards, the third generation of canine’s implant was
developed by contour-based geometry, that is, the articulating surface of the
implants was replicated from radiograph obtained femoral contour [11].
The aim of this work is to demonstrate the applicability of PSI and
customized implants in canine’s TKR.
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Methods:
CT-scanning was done according to pre-defined protocol. DICOM file is
transferred to an image-rocessing software (OrthoTaix) to start 3D planning.
A virtual 3D model is constructed on bone and mechanical axis and
rotations are defined. The designing step involves planning for surgical cuts,
creating PSI and customized implants (Figures 1–7).
PSI is fabricated from plastics with additive manufacturing (3D printing)
technique, while customized implants are fabricated of stainless steel and
coated by Ti alloys (ti6al4v) with CNC technique; the material of tibial
component is polyethylene (Figures 7–10). The templates as well as the
implant were finished, packed and sterilized prior to surgery.
Results:
Knee prostheses were fabricated in a universal open-platform fashion that
matched to the exact anatomical structure of the stifle. No need for coupling
with particular drills, sleeves or surgical instruments that relate to a
particular company. The same technique can be applied for other knee
procedures such as unicompartmental, bicondylar and patellofemoral
arthroplasty and in treating non-straight-forward cases.
Discussion:
In this work, preparation of an artificial knee joint for a canine’s TKR
surgery was feasible. A complete virtual surgery of TKR could be practiced
a priori. PSI is composed of femoral and tibial parts, which were designed
as complete cutting guides that match the articulating surfaces of the bone.
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Surface matching is guided intraoperatively by anatomical landmarks on
bone surfaces.
The current technology of knee implants is based on planning TKA
according to specific implant criteria (size and shape) so that the implant of
one company cannot be used for implants of other companies. In turn, the
currently used knee implants are expensive and company specific, which is
a significant disadvantage and limits the wide-spread application of current
availability of TKA. In addition, a serious limitation of the current TKA
technique is that the planning is done by technicians not by surgeons, and
the whole process in under the control of the implant company.
Conclusion:
3D technology was thus suitable for TKR for different breeds of dogs
regardless of their size or morphology. This technology can replace the
conventional instruments for TKA such as intramedullary, extra-medullary
guides, sizing, rotation guides for both tibial and femur. The femoral
implant did not extend to the trochlea; it had good anterior pegs and central
stem.
Disclosure:
None.
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Figures:

Figure (1): mechanical axis of Lt-Knee

Figure (2): 3D bone reconstruction form capture CT-scan images.
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Figure (3): patient specific template, femoral component of 1st version
include three femoral cutting slots with multi holes for fixation on the bone
surface.

Figure (4): patient specific template, tibial component of 1st version include
tibial cutting slots with multi holes for fixation on the bone surface.

Figure (5): custom made implant (femoral component) positioning on the
bone surface before and after cut.
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Figure (6): custom made implant (tibial component) positioning on the
bone surface before and after cut. Patient specific template (tibial
component) positioning on the bone surface.

Figure (7): custom made implant in final position as planned for surgery.
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Figure (8): 3D printed custom made implant and patient specific templates.

Figure (9): custom made implant, femoral component of 1st version include
three femoral cut with two fixation pegs.
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Figure (10): custom made implant, tibial component of 1st version,
designed as a convex shape with 6 mm thickness and 3.5 mm diameter of a
central stem.

Figure (11): intraoperative photos showing the positioning and fixation of
patient specific template and implant positioning after performing surgery.
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