Figure 1. Intraoperative application of the computer-assisted navigation system.
(A) Operating room setup showing the optical tracking system (infrared camera) positioned contralateral to the operative limb and the navigation workstation located within the surgeon’s visual field for real-time display of limb alignment, bone resection parameters, and gap-balancing information.
(B) Verification of infrared signal stability following fixation of the femoral and tibial reference arrays to ensure navigation accuracy during surgery.


Figure 2. Intraoperative bone resection and gap balancing interface during navigation-assisted TKA using the functional alignment philosophy. Fine adjustment of the bone resection allowed preservation of 1.5° of constitutional varus alignment.


Figure 3. Preoperative and postoperative full-length lower limb radiographs of a patient undergoing navigation-assisted functional alignment total knee arthroplasty (TKA).
Preoperatively, the HKAA was 4° varus, the LDFA was 84°, and the MPTA was 86°. Postoperatively, 3° of residual varus alignment was preserved, with an LDFA of 90° and an MPTA of 87°.




[bookmark: _GoBack]Figure 4. Preoperative and postoperative full-length lower-limb radiographs of a patient undergoing total knee arthroplasty with traditional mechanical alignment.
Preoperatively, the patient demonstrated a 3° varus Hip–Knee–Ankle Angle (HKAA), with an LDFA of 91° and an MPTA of 88°. Postoperatively, the HKAA was corrected to 179°, indicating restoration of a neutral mechanical axis, while the LDFA remained 91° and the MPTA was corrected to 90°.

Figure 5. Comparison of Preoperative CPAK Classification Distribution Between the Conventional and Navigation Groups:
Distribution of preoperative CPAK phenotypes in both groups. The proportions of each CPAK type were generally similar between the conventional and navigation groups.

Figure 6. Comparison of Postoperative CPAK Classification Distribution Between the Conventional and Navigation Groups:
Distribution of postoperative CPAK phenotypes in both groups. In the conventional group, CPAK phenotypes were predominantly concentrated in Types IV and V, whereas the navigation group preserved a more diverse and dispersed distribution of CPAK phenotypes.

