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Objective: Humeral condylar articular fractures account for 41% of all humeral fractures observed in dogs. They require anatomical reconstruction and rigid fixation to reduce complications and limit the development of osteoarthritis. The use of a transcondylar screw (TCS) with high Area Moment of Inertia provides interfragmentary stability and counteracts cyclic forces generated during weight bearing. The challenge of placing a maximally sized TCS perpendicularly through a narrow bone isthmus underscores the need for specific implant positioning and an accurate Transcondylar Drilling (TCD) method.  Various guided techniques have been proposed to improve the accuracy of TCD over Free-hand drilling (FHD), but to our knowledge, studies directly comparing their performance have not been conducted. 
We aimed to compare the accuracy, time-efficiency, and safety of FHD to four TCD methods: Universal Aiming Device (UAD) (Figure 1), Fluoroscopy-Assisted Drilling (FAD) (Figure 2), patient-specific 3D-Printed Guide-assisted Drilling (3D-PDG) (Figure 3). Accuracy was defined as the ability to replicate the Optimal Drill Line (ODL), and safety as the ability to avoid joint space infringement.
We hypothesized that the accuracy and safety of 3D-PDG would be similar to FAD and UAD, and all three methods would be superior to FHD. We also hypothesized that none of the 3D-PDG, FAD, or UAD tunnels would infringe on the joint space, that all 3D-PDG tunnels would be within 5º of the ODL, and that FHD would be the most time-efficient method.

Study Design: Randomized block design involving 96 canine cadaver forelimbs in a hanging-limb set-up (Figure 4) and two experienced surgeons. Data extraction from the CT images was performed using Slicer 3D software, where 3D and multiplanar reconstructions (MPR) allowed for precise comparisons between the drilled tunnels and ODL (Figure 5). Outcome measures included the minimum tunnel-articular distance (MinTAD) (Figure 6), lateral and medial tunnel entry point translations, and tunnel angulation (TA) relative to the ODL (Figure 7). Tunnels within 5º of ODL were considered optimal, within 5-10º suboptimal, and greater than 10º unacceptable. Tunnels resulting in gross joint infringement were immediately categorized as unacceptable. Additionally, potential joint infringement following screw application was estimated based on MinTAD, with joint infringement defined as <1.75mm for a 3.5mm screw and <2.25mm for a 4.5mm screw. Statistical analyses were employed to compare the surgical outcomes. 

Results: Surgical Time: FHD had the shortest mean surgical time (43.6 sec, SD = 14.6), significantly faster than UAD (72.9 sec, SD = 27.9) and 3D-PDG (81.3 sec, SD = 27.4). FAD took the longest (160.0 sec, SD = 53.0) (Table 1)
2. Entry Point Translation: FAD (M = 2.80 mm, SD = 0.83), FHD (M = 2.85 mm, SD = 1.1), and 3D-PDG (M = 3.26 mm, SD = 1.12) had lower entry point translations compared to UAD (M = 5.34 mm, SD = 3.89) (Tables 2 through 5).
3. Exit Point Translation: FAD (M = 3.97 mm, SD = 1.99) and FHD (M = 4.09 mm, SD = 2.10) had lower exit point translations than 3D-PDG (M = 6.32 mm, SD = 3.85). UAD (M = 4.70 mm, SD = 2.50) was not significantly different from the other groups (Tables 2 through 5).
4. Tunnel Placement: Among drilled tunnels without joint infringement, the technique did not significantly affect the likelihood of optimal, suboptimal, or unacceptable tunnel placements. Notably, all joint infringements were mainly due to unacceptable angular deviations (>10 degrees from ODL) (Tables 6 and 7)
5. Joint Infringement: There were significant differences in joint infringement among groups. FHD had 0% joint infringement (0/25), while UAD had the highest at 26.1% (6/23), 3D-PDG (21.7%, 5/23), and FAD (4.2%, 1/23). After hypothetical placement of a 3.5mm screw, joint infringement increased to 14 limbs (4.7%), with FHD still showing 0%, compared to 30.4% for 3D-PDG and 26.1% for UAD. For a 4.5mm screw, joint infringement would have been observed in 15 limbs (15.8%); FHD had 0%, while 3D-PDG and UAD had 34.8% and 26.1%, respectively (Tables 8 and 9)

Conclusions: We rejected the hypothesis that guided techniques would achieve greater accuracy and safety, as only the FHD exhibited a 0% rate of joint infringement. We also rejected the hypothesis that none of the guided techniques would result in joint infringement, and that all tunnels drilled with 3D-PDG would remain within 5º of ODL. Finally, we accepted the hypothesis that FHD would be the most time-efficient technique. These results highlight the necessity of reevaluating the reliance on guided techniques for humeral transcondylar drilling, indicating that FHD can provide a safe and efficient alternative when performed by skilled surgeons, shifting clinical practices towards emphasizing surgeon training, skill, and experience over reliance on technology. Future research should focus on refining these techniques and exploring their applicability to surgeons in training, as well as in live surgical scenarios to validate and expand upon these findings.
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