Objective.  Neonatal rib fractures occur commonly in primiparous mares with dystocia requiring foaling assistance. Fracture of one or more ribs is common, affecting up to 65% of neonatal foals presenting to referral hospitals (REF)1. Prompt diagnosis is critical to ensure foal survival, as this condition may result in severe, life-threatening trauma from displaced, fractured ribs to underlying vital organs. Fracture usually occurs at or near the costochondral junction of cranial ribs 3-8 overlying these vital organs2. Conservative management is indicated when the fracture(s) are singular and/or non-displaced, but when fracture(s) are multiple, complex and/or displaced surgical management should be pursued to prevent damage to the underlying vital organs. Surgical repair must be applied easily and rapidly, while providing appropriate stabilization to minimize anesthetic time. Several techniques have been reported for surgical repair, but there is limited information on the strength of these repair constructs in neonatal ribs. The study objectives were to evaluate strength and mode of failure of three different constructs for neonatal rib repair. We hypothesized that the nylon cable tie would be the weakest repair, and both the modified reconstruction plate and string of pearls plate would be comparable to one another. We believed that screw pull out would be the most common mode of failure for both plate constructs and that the nylon cable tie would fail due to fracture at the original fracture site.  
Study Design. Rib cages of neonatal foals < 2 weeks of age submitted for necropsy with no evidence of thoracic trauma were included (n=10 foals). Ribs 3-6 of both the left and right thorax (n=60 ribs) were randomly allocated to one of three repair groups: nylon cable tie (NCT), modified reconstruction plate (MRP), or string of pearls plate (SOP). Ribs were fractured under three-point bending, stimulating external trauma, to induce a simple, oblique fracture. Maximum force (Fmax orig, kgf) was recorded. The fracture was reduced and repaired according to repair group using either a 4 mm wide nylon cable tie (NCT), 2.7 mm 6-hole reconstruction plate modified to accommodate 3.2 mm cortical screws with cerclage wire (MRP), or a 2.7mm 6-hole string of pearls plate (SOP). The screws were placed in bi-cortical fashion for both MRP and SOP plates, using 3.2 mm x 12 mm cortical screws and 2.7mm x 12mm cortical screws respectively. Repaired ribs were tested under four-point bending in a single cycle load to failure with crosshead speed of 0.25mm/s, center span distance of 30 mm and loading span distance of 90 mm. Maximum force (Fmax, Kgf) sustained and force at ultimate failure (Ffail, kgf) were recorded.  The relative difference in Fmax and Ffail between intact and fixated ribs was calculated. Mode of failure was recorded. Data were analyzed using one-way and two-factor repeated measures ANOVAs with significance set at P <0.05. 
Results. Both Fmax and Ffail were higher in SOP (P<0.001, P=0.007) and MRP (P<0.001, P=0.0003) constructs compared to NCT, but similar when compared (P=0.855, P=0.969) (Figure 1A and B). The relative difference in Fmax and Ffail were different between treatment groups (Figure 1B and D). The MRP achieved a higher relative difference in Fmax compared to both the NCT (P<0.001) and SOP (P=0.044). Relative difference in Ffail was similar between MRP and SOP (P=0.262), but higher than NCT (P=0.0006, P=0.049). When different ribs were considered there was no difference in relative Fmax (P= 0.453) and Ffail (P=0.155) between ribs 3-6, though individual differences were observed (Figure 1C and G). Mode of failure was different between constructs (P<0.0001) with the NCT failing at the original fracture (10/20) or a new fracture that propagated from the dorsal hole in which the NCT was coursing through (10/20).  Screw pull out occurred most in the MRP (7/20) and SOP (12/20) repairs (Figure 2).  
Conclusion. Results indicate that fixation of neonatal ribs with MRP and SOP provide greater strength than NCT. Screw pull out was common in plated constructs, likely due to the soft nature of neonatal cancellous bone. The study was limited by the small sample size and lack of cyclic loading of constructs. MRP is a current recommended method of repair, but the SOP plate has not been reported. The study supports continued use of MRP and further investigation of locking plates for neonatal rib repair. 
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