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Abstract


Objective: To assess and compare the outcome of crossed pinning versus lateral pinning techniques for operating pediatric displaced supracondylar humerus fractures.


Materials and methods: This is a prospective observational study conducted at orthopedic department of a tertiary care hospital from January 2014 to December 2016. Total of 110 patients were registered in this study with displaced supracondylar fracture of humerus from 2-12 years of age group. All the children presented at emergency or out patients department having displaced supracondylar humeral fractures underwent for physical examination and radiological assessment, patients with Gartland type II and III were included in this study and patients with open fracture and vascular injury or neurological deficit at presentation were excluded. Children were divided into two groups according to the technique of percutaneous pinning; (A) Lateral pinning (n=52) versus (B) Crossed pinning (n=58). Both groups were compared with respect to gender proportion, mean age, fracture type, time between injury and surgery. The clinical outcome evaluated at 6th month follow up was range of motion while the radiological outcome was fracture displacement during the follow up, union and change in Baumann’s angle at union. The complications (ulnar nerve neuropraxia or injury and pin tract infection) were also evaluated.


Results: Total of 110 patients were included in the study (lateral pinning n=52 and crossed pinning n=58). The fractures treated with lateral pinning had inferior radiological outcome as compared to the crossed pinning technique while the difference in ulnar nerve neuropraxia between the two configurations was statistically insignificant.


Conclusion: In the light of above study we concluded that fixation with crossed pins are superior for treating displaced supracondylar humeral fractures. However, cautions should be undertaken to avoid iatrogenic ulnar nerve injury during medial pin insertion.
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Introduction



Supracondylar humerus fractures are among the most common fractures in children, usually occurring before 7 years of age [1]. These fractures are extension type or flexion type, the extension type is more common [2,3]. According to displacement, Gartland classification divides these fractures into three types; Type I is a nondisplaced fracture, type II is a displaced fracture with intact posterior cortex, type III is a displaced fracture with no cortical contact [4]. Type I are treated in above elbow cast with serial radiographs to check for displacement. Type II and III are usually treated by closed reduction and percutaneous pinning. Open reduction is done in case of failed closed reduction [5].


There is an ongoing debate among the orthopedic surgeons about the configuration of pin placement in these fractures. Two widely used patterns are; 2 lateral wires or one lateral and one medial wire in cross pattern. The issues are mechanical stability and risk of iatrogenic ulnar nerve injury [6,7]. Sibinski et al. [8] suggested the pattern of 2 lateral wires as safer approach in light of their study reporting similar outcome in terms of mechanical stability of the two configurations while lower risk of ulnar nerve injury with lateral pinning technique. Zamzam et al. [9] concluded that crossed wires should be used for displaced type III fractures due to inferior mechanical stability with lateral pinning configuration. A further systematic review of randomized controlled trials comparing the two wire configurations in extension type Gartland type III fractures however found no difference in clinical or radiological outcomes [10].



This study aimed to evaluate and compare the outcome of the crossed and the lateral pinning configurations in the management of pediatric displaced supracondylar humeral fractures and also comparing the complication rate of the two techniques.



Material and Methods


This is a prospective observational study conducted at orthopedic department of Liaquat National Hospital & medical college, a tertiary care hospital from January 2014 to December 2016. Total of 110 patients were registered in this study with displaced supracondylar fracture of humerus from 2-12 years of age group. All the children presented at emergency or out patients department having displaced supracondylar humeral fractures underwent for physical examination and radiological assessment, patients with Gartland type II and III were included in this study and patients with open fracture and vascular injury or neurological deficit at presentation were excluded. Children were divided into two groups according to the technique of percutaneous pinning; (A) Two wires inserted from lateral epicondyle (n=52) and (B) Two wires inserted in crossed pattern (n=58). Both groups were compared with respect to gender proportion, mean age, fracture type, time between injury and surgery and cases of open reduction.



Standard surgical technique was used in all patients. All the patients underwent general anesthesia followed by closed/ open reduction and percutaneous pinning. The surgeon selected the pin size to be used according to the age of the child and the size of the arm (usually 1.6mm for younger children and 1.8-2.0mm for older children). Before the K-wire was inserted from the medial side, medial epicondyle was palpated with thumb. Later, the thumb was shifted posteriorly to protect the ulnar nerve. In case of elbow swelling, an approximately 10 mm small incision was also used to allow safer pin placement over the medial epicondyle. The pin ends were bent outside the skin, and an above elbow back slab was applied with approximately 90 degrees of elbow flexion and neutral forearm rotation. The children were discharged home when comfortable (usually after 1-2 days). Patients had follow up at 1st week, 4th week, 6th week, 3rd month and 6th month for clinical assessment of pin sites, possible iatrogenic neurological deficit and its progress and serial radiographs to assess union and decision to remove the splint and wires, and commencing range of motion. At 1st week in the clinic after surgery, radiographs were obtained in both anterioposterior and lateral planes. If these were acceptable, the child was seen again at 4th week of surgery; radiographs were obtained on cast removal. When acceptable healing was confirmed, pins were removed in the clinic and encouraged motion around elbow.



The final clinical outcome evaluated at 6th month follow up was range of motion. The radiological outcome was fracture displacement during the follow up, indicated by translation, rotation or angulation at the fracture site, union and change in Baumann's angle at union relative to the immediate postoperative Baumann's angle. The main complications evaluated were ulnar nerve neuropraxia or injury and pin tract infection.



The clinical and radiological outcome and the complications of the two techniques were compared through statistical analysis using SPSS version 20 by applying Chi-square test. P-value<0.05 was considered as significant.



Results


110 children were included in the study after matching of the groups according to gender proportion, mean age, fracture type, time between injury and surgery and following the inclusion criteria. 52 patients were operated with lateral pinning technique and 58 with crossed pinning method. The demographics, fracture type and duration between injury and surgery are shown in Table 1. The mean time of union was 4.8±1.3 weeks in lateral pinning group and 4.6±1.1 weeks in crossed pinning group.







Table 1:  Demographics and fracture type (n=110).
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SD= Standard deviation.




Table 2:  Radiological outcome (n=110).
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SD= Standard deviation.


*p-value<0.05 is considered significant.


During the follow up, 8 patients in the lateral entry group had fracture displacement. Two of them had posterior displacement of distal fragment while six of them had rotation. The difference in fracture displacement among the two groups was statistically significant (p=0.002) (Table 2). The comparison of change in Baumann's angle at union relative to the postoperative angle is shown in Table 2. This radiological parameter had also inferior figures in lateral entry group as more patients in this group had change in Baumann's angle (p=0.004).



The final clinical outcome at 6 months follow up was assessed by examining range of motion at the affected elbow. 99 children achieved full range of motion at 6 months. The remaining 11 patients (5 of them had lateral pinning and 6 had crossed wiring) were advised to continue physiotherapy. The difference in this parameter was statistically insignificant among the two groups (p=0.12). Table 3 is showing the complications observed during the follow up. Three patients (2.7%) had ulnar nerve injury which all eventually recovered. The difference in this important complication was statistically insignificant (p=0.082). Four patients had superficial pin site infection during the follow up which was treated through oral antibiotics.





Table 3:  Complications
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Discussion


The standard treatment of displaced supracondylar humerus fracture is percutaneous k-wire fixation after reduction under image intensification [11]. The success of this treatment lies in achieving and maintaining reduction until union of the fracture and avoiding possible complications of this intervention. Despite the implication of this standard treatment for a long period of time, there is no clear consensus in the community of orthopedic surgeons on the optimal pin configuration [12]. The prime debate is between the two lateral pinning methods or one lateral and one medial pin in cross configuration. The two most important aspects which have been studied are maintenance of fracture stability till union and avoiding the iatrogenic ulnar nerve injury [13].



Advocates of crossed pin fixation point out biomechanical studies showing that this configuration gives better stability than lateral pins [14,15]. On the other hand, the risk of iatrogenic ulnar nerve injury is probably more in crossed pattern [16,17].



In our study, 8 out of 52 patients had fracture displacement in lateral pinning group while 4 had change in Baumann’s angle at union which was significantly an inferior outcome in terms of fracture stability as compared to the crossed configuration. Coinciding with our result, Karim MA et al. [18] in his prospective randomized controlled study treated 60 patients with supracondylar fractures, half of them with lateral pinning technique and the remaining 30 patients with crossed pinning configuration. He observed fracture instability in terms of displacement and rotation in 6 out of 60 (10%) children, all had lateral pinning fixation. Similarly, Zamzam et al. [9] in his retrospective study reported the outcomes of 37 children operated with two lateral pins and 37 children with crossed pinning technique. He also observed early postoperative fracture displacement in 9 children; all of them had two lateral wires fixation.



On the contrary, Sibinski et al. [8] concluded in his study of 131 patients operated through both pinning configurations that the fracture stability is similar with the two configurations. In a prospective randomized controlled study performed by Kocher et al. [6] to compare lateral entry pins with medial- and lateral- entry pin fixation for completely displaced SC humeral fractures in children, there were no patients in either group that had a major loss of reduction. There were no significant differences between the rates of mild loss of reduction, which occurred in 6 of the 28 patients treated with lateral entry and 1 of the 24 patients treated with medial and lateral entry (p= 0.107). In another prospective RCT by Maity et al. [19], there were no differences between the 2 groups regarding loss of reduction grading.



In our study, 3 children (2.7%) developed ulnar nerve deficit which eventually recovered in all cases. Although the etiology of the ulnar nerve injury that occurred in the lateral group remains unclear, the authors attribute it to either over drilling or over traction during manipulation The difference between the two groups with respect to this important complication was not statistically significant (p= 0.082) in our study. In the study by Devkota et al. [20], 7 of the 79 patients in the crossed pinning group (6.86%) developed ulnar nerve injury. In another study performed by Chakraborty et al. [21], 4 patients (4.34%) developed ulnar nerve injury; all were from the crossed pinning group. All patients followed in our study regained full range of motion at the affected elbow at 6 months except 11 children. The difference in this complication (elbow stiffness) between the two groups was not statistically significant (p=0.012). The result is similar to that reported by Karim MA et al. [18] (p=0.083).



The incidence of pin tract infection in our study was 4/110 (3.63%) with no significant difference between the two groups (p=0.322). This finding coincides with Devkota et al. [20], who reported 8 patients (p=7.84%) developing pin tract infection in his study with insignificant difference of pin tract infection between the two pinning configurations.



Conclusion


In conclusion, we found that the crossed entry pin fixation technique provides more stability than the lateral entry pin fixation technique in management of displaced supracondylar fractures of the humerus in children. So, fixation by crossed pins is suggested for treating these fractures. However, every effort should be made to avoid iatrogenic ulnar nerve injury while inserting the medial pin either by palpating the ulnar nerve at
the time of pinning or making a small incision over the medial
epicondyle in cases of severe elbow swelling.
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