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Abstract: Objective: To study the difference of tibial osteotomy coverage between
symmetrical prosthesis and asymmetrical prosthesis, and to further demonstrate the necessity
of designing asymmetrical prosthesis and anatomical prosthesis. Methods: 3D simulation
technology was used to simulate the operation to obtain the parameters of tibial osteotomy
surface of each patient, and five kinds of prosthesis were used for optimal coverage. Finally,
the coverage difference of tibial osteotomy surface of each prosthesis was analyzed.
Conclusion: 3D simulation technology is an important means to study tibial osteotomy
surface, which is worthy of further promotion and research.

1. Introduction

Knee joint is the largest joint in human body with complex anatomical structure and high
functional requirements. With the aging era, osteoarthritis patients gradually increase, including the
incidence rate of knee osteoarthritis. Total knee arthroplasty (TKA) has become a routine method for
the treatment of advanced knee osteoarthritis. Intraoperative prosthesis and tibial osteotomy surface
matching is the key factor for the success of TKA. By increasing the coverage of prosthesis on tibial
osteotomy surface, the load of single area of prosthesis can be reduced, and then the wear of
polyethylene block can be reduced, the stability of prosthesis can be increased, the subsidence and
loosening of prosthesis can be delayed, and the life of prosthesis can be further extended.

Anatomically, the tibial plateau of normal people is asymmetric, and the medial side is
significantly larger than the lateral side, so the tibial prosthesis should also be asymmetric. With the
development of medical technology, there are more and more types of prostheses for doctors, but
most of them are symmetrical (the size of the inside and outside is the same), and only a few tibial
prostheses are asymmetric (the inside is larger than the outside). The biggest disadvantage of
symmetrical prosthesis is that the coverage of medial platform is significantly lower than that of
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lateral platform, especially the posterior side of medial platform. If the size of the prosthesis is
selected according to the size of the medial platform, the prosthesis obviously exceeds the osteotomy
surface of the lateral platform, resulting in uneven coverage of the medial and lateral sides, increasing
the stress on the osteotomy surface, and the excess part stimulates the posterior soft tissue, causing
corresponding symptoms.

At present, there are many researches on knee joint morphology at home and abroad, including the
anatomical differences between Asian and European, male and female, as well as the anatomical
differences between the internal and external tibial plateau, and most of these research objects are
normal people. [1] There are few researches on the morphology of patients with osteoarthritis, and in
TKA, symmetrical prosthesis and asymmetric prosthesis, the comparative study of tibial osteotomy
coverage is less.

In this study, 3D simulation technology was used to obtain the anatomical parameters of patients
who actually accepted TKA, and five kinds of prostheses (three symmetrical prostheses and two
asymmetrical prostheses) were used in the market to simulate the operation on the special robot
assisted computer system for orthopedic surgery. So as to study the difference of tibial osteotomy
coverage between symmetrical prosthesis and asymmetrical prosthesis, it is necessary to design
asymmetric prosthesis and anatomic prosthesis. [2] Although 3D simulation and printing technology
is developing rapidly, it is unable to produce individual designed prosthesis. However, according to
preoperative simulation surgery, it can provide correct basis for clinical selection of prosthesis which
is most suitable for patients' anatomical shape, and provide anatomic parameters for the design of
domestic anatomical prosthesis in the future.

2. Research method

Figure 1: Simulation operation on computer system of orthopedic surgical robot

We selected 200 patients with knee osteoarthritis who received TKA in our hospital and two project
cooperation hospitals from June 2018 to October 2019 due to knee osteoarthritis. Computed
tomography (CT) was routinely performed in each patient before operation, and the data was
uploaded to the special robot assisted computer system for orthopedic surgery to obtain a 1:1 three-
dimensional reconstruction model with the patient's anatomical shape for preoperative simulation
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operation. According to the simulated operation, the tibial osteotomy surface parameters of each
patient were obtained, and five kinds of prosthesis were used for the best coverage. Finally, the
coverage difference of each prosthesis on the tibial osteotomy surface was analyzed, as shown in
Fig.1.

The simulated operation is very similar to the actual clinical operation. During the operation, the
rotation center of prosthesis and the thickness of osteotomy can be adjusted repeatedly. In the actual
TKA, the matching degree of prosthesis and osteotomy surface was shown in tibial plateau, medial
posterior, lateral posterior and medial lateral. The optimal position of the prosthesis in the simulated
operation is determined. The coverage of the prosthesis in the above three parts is compared, and the
overall coverage area of the osteotomy surface is compared, as shown in Fig. 2.

Figure 2: Schematic diagram of coverage measurement between and between prostheses on tibial
osteotomy surface

3. Technology Roadmap

Project design, determine the research object

The 3D reconstruction model of knee joint was obtained by uploading the 3D
data, which was consistent with the anatomical shape of the patient

Five prostheses were used for optimal coverage

The coverage data of 5 kinds of prosthesis on tibial osteotomy surface
were analyzed to determine the best operation plan

Figure 3

The 3D simulation technology we use is a special robot assisted computer system for orthopedic
surgery, with an accuracy of 0.2mm. The patients we studied were patients who actually received
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TKA, and the parameters of tibial osteotomy surface obtained were very close to the actual clinical
osteotomy surface. Moreover, we used five kinds of prosthesis on the same osteotomy surface, so it
can better reflect the difference of tibial osteotomy surface coverage between prosthesis.

4. Conclusion

In recent years, with the rapid development of 3D simulation technology, this technology is widely
used in the field of medicine. It can supplement the traditional two-dimensional medical images with
dynamic three-dimensional images, and reconstruct three-dimensional images with continuous
sectional images; It can accurately display the complex three-dimensional structure of biological
tissue, and observe and operate arbitrarily; It can measure the reconstructed three-dimensional
structure and obtain a large number of accurate anatomical parameters such as length, area, volume
and angle; It can be used in operation design and operation simulation, so it is also called "virtual
anatomy technology".

Virtual anatomy is a new non-invasive "Anatomy" technology. It uses imaging technology to
construct three-dimensional images of human organs and tissues, which can truly reflect the
anatomical structure and actual size of bones, and provide rich bone image information. The
technology is practical and effective, comprehensive measurement and simple operation; The
measurement data has the advantages of small error, high accuracy, stability and reliability, and a
large amount of data can be obtained directly from the living body. 3D simulation technology can not
only restore the real human anatomy, but also cut any anatomical part and analyze the relevant
parameters. Because the virtual anatomical measurement is more direct and the data obtained is more
accurate, it can be used to measure large samples. Finally, the digital analysis method is used to
calculate the obtained anatomical parameters repeatedly, so as to completely reduce the dissection
segmentation of real cadaver specimens.

At present, in Europe and the United States, some doctors and prosthetic companies use this
technology to repeatedly test and analyze, obtain the correct anatomical parameters, and design non
symmetrical prostheses such as Genesis Il (Smith & nephew), emotion pro (B-Braun), persona
(Zimmer) that conform to the anatomical morphology of European and American, and apply them in
clinic. This study also provides ideas and methods for 3D simulation technology of tibial osteotomy
surface coverage. [3-4]
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