Z-osteotomy for Lengthening and Angular Correction in a Dog with Radial Deformity
Introduction
Angular limb deformities of the canine antebrachium are common and can be challenging to manage. Antebrachial deformities are often caused by premature closure of radial or ulnar physes, leading to asynchronous growth of the radius and ulna and resulting in elbow and/or carpal incongruity. Reported surgical correction methods include hinged circular external fixation, opening or closing wedge osteotomies, and dome osteotomies.
A subset of radial deformities exhibits proximal radial head subluxation and distal radial valgus, likely resulting from complete closure of the proximal radial physis and partial closure of the lateral aspect of the distal radial physis, respectively. These deformities, accompanied by elbow and carpal subluxation, can be detrimental to limb use and predispose to osteoarthritis development. Restoration of joint congruity can be challenging due to the location of the centers of rotation of angulation.
This case describes the design, application, and outcome of a Z-osteotomy used to correct distal radial valgus and length deficit in a dog, providing improved load sharing, compression, and mechanical stability.
Case summary
An 8-month-old female intact Golden Retriever was presented with a one-month history of right thoracic limb lameness. At presentation, the dog had a moderate weight-bearing right thoracic limb lameness and off-loaded at rest (Figure 1). There was moderate pain on elbow joint motion and decreased carpal flexion. Orthogonal radiographic views and computed tomographic (CT) images of both antebrachia were obtained under sedation. 
The CT images were exported to a computer-assisted design software (3-matic, version 15.0; Materialise) for analysis. Deformities included distal radial valgus of approximately 21° (aLDRA 63°) and 8.5-mm of proximal radial length deficit compared with the mirrored left antebrachium (Figure 2). The ulnar morphology was symmetrical. Radiographic bone quality was subjectively reduced at the right distal radius, likely due to decreased limb loading (Figure 3). Virtual surgical planning for deformity correction was performed to match the mirrored contralateral radius, with a long oblique osteotomy at the proximal radius for sequential lengthening, and a Z-osteotomy at the distal radius for lengthening and angulation correction (Figure 4). A patient-specific osteotomy guide was designed and 3D-printed.
A routine craniomedial approach to the radius was performed. The osteotomy guide was secured over the cranial aspect with four 0.062-inch K-wires, and the Z-osteotomy was created using an oscillating saw (Figure 5). The distal radius was distracted and positioned to the planned reduction, then stabilized using a 3.5-mm T plate applied in compression. The proximal oblique osteotomy was subsequently completed, and lengthening of the proximal radius was achieved by compressing over the long-oblique osteotomy, resulting in 6-mm of length gain. Improved elbow congruity was confirmed using fluoroscopy. The oblique osteotomy was stabilized using a 2.4-mm screw in a lag fashion and a 2.4-mm locking compression plate (LCP).
Follow-up information
Postoperative radiographs confirmed correction (aLDRA 84°) and improved elbow and carpal congruity (Figure 6). The dog was partial-weight-bearing at discharge. Medications included 2.2 mg/kg carprofen every 12 hours, trazodone 5 mg/kg every 8 to 12 hours, gabapentin 15 mg/kg every 8 to 12 hours, and acepromazine 0.5 to 2 mg/kg every 6 to 12 hours.
At 47 days postoperatively, the dog was ambulating well with mild lameness and mild discomfort on right elbow flexion. A superficial lick wound was present at the distal antebrachium, likely due to the T-plate prominence near the carpus. Radiographs showed unchanged alignment, joint congruity, and osseous union. Plate removal and elbow arthroscopy was performed. A fragmented medial coronoid process was removed arthroscopically, and a small step was noted at the radiohumeral joint. An ulnar ostectomy was performed concurrently to further improve elbow congruity (Figure 6). At 95 days after initial surgery, the dog ambulated without appreciable lameness and had improved elbow flexion.
Discussion and Conclusion
The Z-osteotomy provided several advantages in this case. It allowed simultaneous lengthening of the radius with angle change, compensating for decreased growth and improving carpal congruity. While similar lengthening can be achieved with an open wedge osteotomy, the Z-osteotomy additionally provides a transverse interface that permits compression and load sharing, promoting bone healing. In contrast, an open wedge osteotomy for this case would require lateral or cranial plate fixation in a bridging configuration. With subjective suboptimal bone quality at the distal metaphysis, such constructs are at higher risk for fixation failure. Furthermore, the Z-osteotomy minimized the need for grafting, preserved bone stock, and distributed mechanical loads more evenly across the osteotomy plane. 
This case demonstrates that a Z-osteotomy can effectively achieve simultaneous angular correction and bone lengthening while providing inherent mechanical stability. The integration of 3D preoperative planning, patient-specific instrumentation, and controlled compression enabled precise execution and rapid functional recovery. Although this represents a single case, the favorable outcome supports the Z-osteotomy as a viable alternative to traditional osteotomies for complex deformities, particularly where bone sharing the mechanical load or anatomic constraints limit conventional fixation options.
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