Title:
Precision-Guided Correction of Medial Patellar Luxation in Dogs Using 3D-Printed Osteotomy and Tibial Tuberosity Transposition Guides with Adjacent Cortical Screw Fixation: A Prospective Clinical Evaluation of 25 Cases

Objective
This study describes a novel, precision-guided surgical technique for correction of medial patellar luxation (MPL) in dogs using patient-specific 3D-printed osteotomy and tibial tuberosity transposition (TTT) guides. The system allows incremental, controlled medialization of the tibial tuberosity while preserving a distal cortical hinge and introduces a new fixation strategy utilizing a cortical screw placed adjacent to the transposed tuberosity, rather than through it. The primary aims were to assess surgical accuracy, stability, and early clinical outcomes over an 8-week postoperative period.

Background
Medial patellar luxation is a common orthopedic disorder in small and medium-breed dogs and is often multifactorial, involving both skeletal and soft-tissue malalignment. Conventional surgical correction typically includes trochleoplasty, capsular release, and tibial tuberosity transposition to realign the extensor mechanism. Traditional fixation methods—Kirschner wires and tension-band constructs or screws placed through the tuberosity—are associated with notable complication rates, including tuberosity fracture, avulsion, implant migration, and delayed healing [1–3].
The integration of 3D printing and patient-specific instrumentation (PSI) enables accurate translation of digital surgical plans into the operating field. This study presents a new method in which custom 3D-printed guides define both the osteotomy plane and a stepwise transposition track, allowing real-time, incremental adjustment of the tuberosity under direct visualization. Fixation is achieved using an adjacent cortical screw, providing compression and stability while maintaining the structural integrity of the tuberosity fragment. Previous reports of the Tibial Tuberosity Transposition Tool (TTTT) and adjacent screw fixation techniques suggest that these strategies can reduce implant-related complications and improve precision [4–5].

Study design
Twenty-five dogs (25 stifles) with grade II–IV MPL were prospectively enrolled between March 2023 and July 2024. Dogs weighed 5.2–31.5 kg and represented various breeds, including. 
CT imaging (0.6–1.0 mm slices) from mid-femur to distal tibia was imported into Materialise Mimics for segmentation and 3-Matic for surgical simulation. Virtual osteotomy and medial transposition were performed until the patellar tendon aligned with the trochlear groove. The mean planned medialization was 5.5 ± 1.2 mm (range 3–8 mm).
Custom guides were printed in sterilizable resin and featured: A defined osteotomy slot (25–60 mm length) preserving a 2–3 mm distal cortical hinge,  stepped transposition slot for 1 mm incremental adjustments, pin holes for secure intraoperative placement.

A lateral parapatellar approach was used in all cases. The osteotomy was made through the guide using an oscillating saw, maintaining an intact distal hinge. The tuberosity was then transposed medially in controlled increments along the guide track until central patellar tracking was achieved. Fixation was performed using a 2.7 mm or 3.5 mm cortical screw placed adjacent to the osteotomy, compressing the transposed segment against the tibial cortex without penetrating it. This approach avoided creating stress risers and preserved vascularity. Trochleoplasty and selective lateral imbrication were performed as needed.  Surgical sites were closed routinely.

Dogs received multimodal analgesia and were restricted to leash walks for six weeks. Radiographs were taken immediately postoperatively, and at 4 and 8 weeks. Lameness was graded (0–5 scale), and owners provided functional outcome assessments.

Results
All dogs completed the study. Mean surgical time for the osteotomy and fixation phase was 22 ± 5 minutes.
Radiographic assessment confirmed that postoperative patellar tendon alignment deviated less than 1 mm from the preoperative digital plan in all cases.
Clinical Outcomes:
All dogs bore weight within 48 hours postoperatively.  At 8 weeks, 23 of 25 dogs had full functional recovery with resolution of preoperative lameness. One large-breed patient displayed mild stiffness that resolved by 12 weeks with physiotherapy.  No cases of reluxation or overcorrection occurred.  Minor: Two dogs (8%) developed small seromas that resolved with conservative management. Major: None. There were no tuberosity fractures, implant migrations, or screw failures.  Implant removal: None required.  Healing: Radiographs confirmed complete cortical bridging at 8 weeks in 23 of 25 stifles; one case showed delayed but progressive healing by week 10.

Discussion
The combination of 3D-printed osteotomy and TTT guides enabled precise, reproducible alignment and reduced intraoperative subjectivity. Incremental transposition allowed dynamic intraoperative assessment of patellar tracking before fixation, improving functional alignment accuracy. The adjacent cortical screw fixation concept proved biomechanically sound and biologically conservative. By avoiding screw or wire passage through the transposed tuberosity, the risk of fragment weakening, microfracture, and irritation was minimized [4]. This design provides secure compression across the osteotomy, leveraging cortical bone strength rather than relying on flexible tension-band mechanics. Traditional TTT complication rates range from 18–43% [1–3], largely driven by pin migration and tuberosity fracture. In contrast, this series recorded only 8% minor and 0% major complications, with excellent short-term stability and rapid recovery. The simplified construct also reduced hardware prominence, surgical time, and postoperative discomfort. Clinically, dogs demonstrated early return to weight-bearing, consistent with stable fixation and maintained extensor alignment. Radiographic follow-up confirmed reliable hinge preservation and predictable bone healing. The results suggest that precision-guided TTT with adjacent screw fixation may offer a safer, more standardized alternative to traditional methods, particularly for small and medium breeds.

Conclusion
This study demonstrates that a 3D-printed, patient-specific osteotomy and TTT guide system combined with adjacent cortical screw fixation allows controlled, incremental tibial tuberosity transposition with high precision and excellent short-term clinical outcomes.
In 25 clinical cases followed for 8 weeks, the technique achieved accurate anatomic alignment, early functional recovery, and a marked reduction in implant-related complications compared to conventional constructs. The method maintains the biological and mechanical integrity of the tuberosity, preserves vascularity, and simplifies intraoperative decision-making.
This precision-based approach represents an important step forward in canine stifle surgery—merging digital preoperative planning, additive manufacturing, and biomechanical optimization into a reproducible workflow. Further studies with longer follow-up and biomechanical comparison are warranted, but these findings strongly support the use of 3D-printed guided and adjacent-screw–based TTT as a reliable, minimally traumatic advancement for the surgical correction of medial patellar luxation in dogs.
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