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Abstract

Aiming at the problem of low accuracy of pedicle screw placement due to lack of sensory informa-
tion in traditional pedicle screw placement, a device for pedicle assisted screw placement was de-
signed and its key scale parameters were optimized. Firstly, based on the analysis of pedicle screw
placement procedure, the functional requirements of the auxiliary screw placement device were
extracted, and the structure of the manipulator was designed using a double parallelogram tele-
centric point mechanism. Secondly, the kinematic model of the nail-setting device was established
based on D-H method, and the model was verified by MATLAB, and the working space and singular
position of the nail-setting device were analyzed. Finally, taking the kinematic reliability of the
bi-parallelogram structure of the nail-setting device as the optimization objective, the key scale
parameters were optimized using the multi-population genetic algorithm. The results showed that
the designed nailing device could meet the needs of surgical operation, and its kinematic model
was correct. After optimization, the kinematic reliability of the double-parallelogram mechanism
of the nailing device was improved by 5.59%, which provided a new scheme for improving the in-
telligence and precision of pedicle nailing surgery.
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Figure 1. Surgical view of pedicle screw placement
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Figure 2. Structure diagram of pedicle auxiliary nailing device
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Figure 3. Kinematic coordinate system of nail setting device
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Table 1. D-H motion parameter model
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1 0 0 d; 0
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Figure 4. The forward kinematics solution of nail setting device simulink program
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Figure 5. Kinematic forward solution position error of nail setting device
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Figure 6. Kinematic forward solution attitude error of nail setting device
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Figure 7. Inverse kinematic solution of nail setting device verifies simulink program
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Figure 8. Verification results of inverse kinematic solution of nail setting device
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