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A Simulation System of Total Knee Replacement Surgery for
Extracting 3D Surgical Parameters

Yonglae Jun*

ABSTRACT

The goal of 101al knee replacement (TKR) surgery is to replace patient’s knee joinl with artificial
implants in order 10 restore normal knee joint functions. Since mismatched knee implants often cause a
critical balancing problem and short durability, designing a well-fitted implant to a patient’s knee joint is
essential to improve surgical outcomes. We developed a software system (hat three-dimensionally (3D)
simulates TKR surgery based upon 3D knee models reconstrucied from computed tomography (CT)
imaging. The main task of the system was 1o extract precise 3D anatomical parameters of a patient’s
knee that were directly used to determine a custom fit implant and to virtally perform TKR surgery,
The virtual surgery was simulated by amputating a 3D knee model and positioning the determined
implant components on the amputated knee. The test result shows that it is applicable to derive surgi-
cal parameters, determine individualized implant components, rehcarse the whole surgical procedure,
and (rain medical staff’ or students for actual TKR surgery. The leasibility and verification of the pro-
posed system is described with examples.

Key words:1luman Kpnee Joint Implant Design, Polygon-hased 3D Modeling. ‘Total Knee joint
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Fig. 5. Distal femoral parameters.

Table 1. Description of distal femoral parameters

Fig. 6. Proximal tibial parameters,

Table 2. Description of libial parameters

Parameters Description

TWDH Width of the tibia

TPD | Tibial plateau depth

WPM Width of plateau (medial, 3:4¥3k)

Parametcrs Description
HGTI Height of condyle (AP, 2133k
WDH | Width of condyle (ML, 2913}
ACR/PCR | Anterior/Posterior condylar radius
PEM/PFL Eﬁ:;;]rior femoral condylar radius medial/
CcD Condylar distance
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WPL | Width of platcau (lateral, =9 33f)
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Fig. 10. Extracted axial parameters.
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Table 3. Extracted anatomical parameters

¥E13 ¥ddr FEWR
HGI 65.5 mm

WDH 873 mm

o PFL. 17.4 mm
W femur) PEM 16.2 mm
CD 335 mn

ACR 32.1 mm

TWDH 733 mm

- TPD 43.7 mm
BE (tibia) WPM 268 mm
WPL 321 mm

Fig. 12. Associated custom knee implants.
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