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[ Abstract] Objective To evaluate the performance, safety, and precision of the Yuanhua robotic-assisted total
knee arthroplasty system (YUANHUA-TKA) through animal experiments, which will provide reference data for human
clinical trials. Methods Six 18-month-old goats, weighing 30-35 kg, were used in this study. The experimental study
was divided into two parts: the preoperative planning and intraoperative bone resection. CT scans of the goats’ lower
extremities were firstly performed before the experiments. Then the CT scans were segmented to generate the femoral
and tibial three-dimensional (3D) models in the YUANHUA-TKA system. The volumes and angles of each resection
plane on the femur and tibia were planned. The bone resection was finally implemented under the assistance of the
YUANHUA-TKA system. After completing all bone resections, the lower extremities of each goat were taken to have CT

scans. By comparing the femoral and tibial 3D models before and after the experiments, the actual bone resection volumes
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and angles were calculated and compared with the preoperative values. Results During the experiments, no abnormal

bleeding was found; the YUANHUA-TKA system ran smoothly and stably and was able to stop moving and keep the

osteotomy in the safe zone all the time. After the experiment, the resection planes were observed immediately and found

to be quite flat. There was no significant difference between the planned and actual osteotomy thickness and osteotomy

angle (P>0.05); the error of the osteotomy thickness was less than 1 mm, and the error of the osteotomy angle was less

than 2°. Conclusion The YUANHUA-TKA system can assist the surgeons to perform osteotomy following the planned

thickness and angle values. It is expected to assist surgeons to implement more accurate and efficient osteotomy in the

future clinical applications.
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Fig.1 The YUANHUA-TKA system a: The console system b:

The manipulator system c: The navigation system
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Fig.2 Preoperative preparation of the animal experiment a. CT scan of the lower extremity; b. CT segmentation to build the 3D models of

the femur and tibia; c. Planning the resection planes based on the operation planning system
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Fig.3 Bone resection assisted by the YUANHUA-TKA system a. Registration; b. Bone resection assisted by the navigation system; c. The

software interface during the bone resection The green boundary around the model indicated the safety range of resection, the color bar

indicated the relative position between the saw blade and the resection plane in real time to ensure the resection accuracy
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Fig.4 Sketch map of the osteotomy thickness and angle
measurement a. Matching the preoperative and postoperative
CT 3D models; b. Measuring the osteotomy thickness by
comparing the preoperative and postoperative models; c.
Measuring the femoral osteotomy angle
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Fig.5 The observation of the osteotomy planes of the lower limb specimens at immediate after operation a-c. Femur resection planes; d.

Tibia resection plane
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Tab.1 Comparison of the error of preoperative planning and postoperative measured osteotomy thickness and angle

AR (mm) WA ()
Osteotomy thickness (mm) Osteotomy angle (°)
5 - - e
" i =gl S J - dz iid= g i I
No. Side iFdE e HE
Femoral anterior Distal Femoral posterior Femoral anterior R -
Tibia Femur Tibia
condyle femur condyle chamfer
1 s / 0.4 -0.2 / -0.1 -1.6 1.8
bl / -0.5 -0.4 / 0.6 12 -1.1
2 x / / 0.5 -0.5 -0.7 1.7 -1.5
&l / / 0.8 -0.5 0.5 0.4 -0.7
3 7 / 0.2 0.5 / -0.5 1.8 0.2
H / 0.3 0.4 / -0.2 0.4 1.6
4 E / / -0.2 -0.3 -0.6 -1.3 -0.7
&l / / 0.7 -0.5 -0.2 -0.7 -15
5 = 0.6 / 0.4 / -0.4 -1.3 -13
yal 0.2 / -0.5 / -0.6 -0.2 1.0
6 s / / -0.8 -0.7 -1.1 0.9 1.6
H / / -0.2 0.7 -0.2 1.7 -13
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Note: “/” indicated that no osteotomy had been performed on the bone surface; when the actual osteotomy thickness or angle was greater than

the planned value, it was negative
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Tab.2 Comparison of preoperative planning and postoperative
measured osteotomy thickness and angle (n=12, X+s)

. B (mm) B MEE ()

Ti Osteotomy Osteotomy
me thickness (mm) angle (°)

AHT 10.639+3.308 72.667+27.575

Preoperative

ARJa 10.725+3.238 72.604+27.594

Postoperative

B2 ~0.086+0.513 0.063+1.276

Error

95%CI (-0.260, 0.087) (-0.476, 0.601)

GHHE t=-1.011 t=0.240

Statistic P=0.319 P=0.812
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