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            Abstract

            
               
Introduction: Supracondylar fractures of the humerus are commonly seen in children and are difficult to manage because of their unstable
                  nature. It is difficult to maintain the reduction with splints. Non-operative treatment is associated with malunion and open
                  reduction is more invasive procedure. Closed reduction of the fracture with percutaneous K-wire fixation is the preferred
                  procedure with satisfactory results. 
               

               Materials and Methods: Children who came to the tertiary care hospital with a fracture in the supracondylar region following history of trauma
                  to the elbow region and X-ray showing Gartland Type II and extension Type III fractures were included in this study. All these
                  fractures were managed with closed reduction and fixation with K-wires inserted by percutaneous technique. Functional outcome
                  and radiological union were noted.
               

               Results: A total of 35 children were operated. About half of the study population were in the range of 6 to 8 years. Majority of
                  study subjects were boys. The average time period between sustaining a fracture and surgical procedure was 1.35 ± 0.48 days.
                  The final results of this treatment modality were graded based on Flynn’s criteria and about 94.28% of study subjects had
                  excellent to good outcomes. One child had complication of superficial pin tract infection.
               

               Conclusion: Displaced supracondylar fractures of humerus can be effectively managed with closed reduction and percutaneous criss-cross
                  K-wire fixation. This procedure does not disturb the normal fracture healing process.
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               Introduction

            In children, majority of fractures around elbow are supracondylar fractures of humerus contributing 50-70% of all fractures
               around the elbow.1 These fractures make about 3% of all fractures seen in children.2 The frequency of these fractures gradually increases with age and maximum number of fractures are seen between 5 to 7 years.3 These fractures occur due to child falling with an outstretched hand and are among the common fractures seen in children.4, 5, 6 These fractures need to be reduced properly to avoid occurrence of malunion.
            

            The challenge is in the management of supracondylar facture of humerus with displacement in these children.7 Any pitfall in the treatment of these fracture leads to trouble to the treating doctor.2 These fractures need appropriate care to prevent the complications like stiffness of elbow, sloughing of skin, Volkmann’s
               Ischemia and myositis ossificans. Traction and closed reduction with Plaster of Paris splinting, which was being used in old
               days leads to loss of fracture reduction and elbow stiffness.8

            Closed reduction and percutaneous fixation with Kirshner wires (K-wire) has shown to give good functional outcome in these
               fractures.9 In this study, our aim was to assess the functional and radiological outcomes of these fractures managed by percutaneous
               pinning technique. 
            

         

         
               Materials and Methods

            This prospective observational study was conducted from December 2017 to May 2019 in a medical college hospital. A universal
               sampling technique was used where all patients satisfying the inclusion criteria were included in the study. Institutional
               Ethical Committee clearance was taken before starting the study. Study participants were enrolled after getting informed consent
               from either parent of the child. Child below the age of 12 years with Gartland Type II and Type III supracondylar fracture
               of humerus reporting to the Emergency or Orthopaedic department within 72 hours of injury were included in this study. Gartland
               type I fracture, open fracture, fracture with associated vascular injury, previous or concomitant ipsilateral elbow fracture,
               and flexion type of supracondylar fracture were excluded from this study.
            

            The patient brought to the department of emergency medicine or orthopaedics with a history of injury to the elbow was immobilized
               using an arm sling and analgesics were given. After initial stabilization, the anteroposterior and lateral view radiographs
               were taken. The fracture was then classified according to Gartland classification. 7 The necessary blood investigations were done for patients who were planned for surgery on an emergency basis. Percutaneous
               K-wire fixation was done after closed reduction of fracture in all the study subjects.
            

            Under general anaesthesia, the child was positioned in supine on the operating table. Closed reduction was performed under
               C-arm guidance. The steps for the reduction were to give longitudinal traction with elbow position in hyperextension and supination
               of the forearm, which was followed by application of a valgus or varus force to correct the medial or lateral displacement
               of distal fragment. This was followed by slow flexion of the elbow, with correction of posterior displacement of the distal
               fragment. The accuracy of reduction was confirmed by the anteroposterior view and oblique views under image intensifier. The
               reduction was considered as satisfactory if, the medial and lateral pillar continuity was achieved on oblique views and the
               anterior humeral line was crossing the capitulum on lateral view. After achieving satisfactory reduction, the fracture was
               fixed in same position percutaneously with 2 or 3 K-wires in criss cross manner(Figure  1).
            

            
                  
                  Figure 1

                  Reduction of fracture with fluoroscopy guidance (A) and percutaneous K-wire fixation under General anesthesia (B).

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/4512b61c-2ac7-4254-8930-eae2aeb3fba5image1.png]

            

            
                  
                  Figure 2

                  Anteroposterior and Lateral view of Supracondylar fracture Humerus left side (a) with percutaneous K-wire fixation (b), elbow
                     range of movements (c), and radiological union of the fracture (d).
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/4512b61c-2ac7-4254-8930-eae2aeb3fba5image2.png]

            In fractures with posteromedial displacement of distal fragment, medial pin was inserted first followed by the lateral pin.
               The entry of the medial pin was from the center point of the medial epicondyle in anteroposterior and lateral views of image
               intensifier. The lateral pin was inserted through the center of the lateral epicondyle. The K-wires used were of 1.2 mm to
               2.0 mm diameter. The pins were inserted at an angle of 30 degrees obliquity to the long axis of the humerus in coronal plane.
               After pin insertion, stability of the fixation was confirmed under image intensifier with flexion and extension of the elbow
               joint and also valgus and varus forces. The pins were cut after bending and the bent part was kept outside the skin for easy
               removal at 6 weeks. The involved limb was supported by well-padded posterior POP slab with elbow in neutral position before
               shifting the child to the ward. The operated limb was kept elevated and active finger mobilisation was encouraged. Postoperatively,
               intravenous antibiotics were given for three days along with analgesics and other supportive treatment. Radiograph of the
               operated elbow was taken on the next day to see the fracture fragment alignment. Patients were advised to come for regular
               follow up and were discharged on third day. Parents of children were explained about the care of the POP slab, the importance
               of active finger movements, and keeping limb elevated. 
            

            Postoperative POP slab support was continued for 3 weeks. The K-wires were removed at 3 weeks and active elbow movements were
               started (Figure  2). Patients and their parents were advised to continue exercises at home and to come for follow up at 6 weeks, 3 months and
               6 months. Maintenance of reduction was confirmed on follow-up X-ray by measuring Baumann's (humerocapitellar) angle and comparing
               it with the perioperative calculated value. In normal individuals the Baumann’s angle range from 64 degrees to 81 degrees.
               10 Carrying angle and range of motion of operated elbow was measured clinically with a goniometer and compared with the uninvolved
               elbow. A detailed clinical examination was done at the final follow up to assess the functional outcome according to the Flynn’s
               criteria (Table  1).11 The results were analysed by Descriptive statistical analysis. The continuous measurements are presented as Mean ± Standard
               Deviation and results on categorical measurements as percentages. The Chi-square test was used to test significance and a
               P-value of <0.05 was taken as statistically significant. 
            

            
                  
                  Table 1

                  Flynn’s criteria for grading of functional outcome in supracondylar fractures of the humerus
                  

               

               
                     
                        
                           	
                              
                           
                            Result

                           
                        
                        	
                              
                           
                            Rating

                           
                        
                        	
                              
                           
                            Cosmetic factor (carrying angle loss) (degrees)

                           
                        
                        	
                              
                           
                            Functional factor (motion loss) (degrees)

                           
                        
                     

                     
                           	
                              
                           
                            Satisfactory

                           
                        
                        	
                              
                           
                            Excellent

                           
                        
                        	
                              
                           
                            0–5

                           
                        
                        	
                              
                           
                            0–5

                           
                        
                     

                     
                           	
                              
                           
                            Good

                           
                        
                        	
                              
                           
                            5–10

                           
                        
                        	
                              
                           
                            5–10

                           
                        
                     

                     
                           	
                              
                           
                            Unsatisfactory

                           
                        
                        	
                              
                           
                            Fair

                           
                        
                        	
                              
                           
                            10–15

                           
                        
                        	
                              
                           
                            10–15

                           
                        
                     

                     
                           	
                              
                           
                            Poor

                           
                        
                        	
                              
                           
                            Over 15

                           
                        
                        	
                              
                           
                            Over 15

                           
                        
                     

                  
               

            

         

         
               Results

            In this study, 35 children with fracture of the humerus in supracondylar region were included. All the fractures were managed
               by closed reduction and percutaneous K-wire fixation. About half of the study population were in the range of 6 to 8 years.
               Majority of study subjects were boys. Other demographic data was given in Table  2.
            

            The cases that underwent surgery for supracondylar fracture of the humerus were not older than 72 hours and surgery was performed
               at the earliest possible time after admission to the hospital. The average time period between sustaining a fracture and surgical
               procedure was 1.35 ± 0.48 days. More than half of patients (57.14%) stayed in the hospital for 4 days and remaining (42.85%)
               for 3 days (Table  3). All the fractures were united at 3 weeks, which was confirmed before K- wire removal. At 3 months after surgery, the Baumann’s
               angle of injured elbow in 85.7% of children was within normal range. The values of Baumann’s angle in postoperative and at
               3 months interval, X-Rays were compared and was statistically not significant (Table  4).
            

            
                  
                  Table 2

                  Demographic data of the study subjects.
                  

               

               
                     
                        
                           	
                              
                           
                            Variables

                           
                        
                        	
                              
                           
                            Number (percent) (n=35)

                           
                        
                     

                     
                           	
                              
                           
                            Mean Age ± SD

                           
                        
                        	
                              
                           
                            7.91 ± 2.22 years

                           
                        
                     

                     
                           	
                              
                           
                            Sex of the patients

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            24 (68.57%)

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                        	
                              
                           
                            11 (31.42%)

                           
                        
                     

                     
                           	
                              
                           
                            Side affected

                           
                        
                     

                     
                           	
                              
                           
                            Right side

                           
                        
                        	
                              
                           
                            10 (28.57%)

                           
                        
                     

                     
                           	
                              
                           
                            Left side

                           
                        
                        	
                              
                           
                            25(71.42%)

                           
                        
                     

                     
                           	
                              
                           
                            Mode of injury

                           
                        
                     

                     
                           	
                              
                           
                            Fall while Playing

                           
                        
                        	
                              
                           
                            18 (51.42%)

                           
                        
                     

                     
                           	
                              
                           
                            Fall from Bicycle

                           
                        
                        	
                              
                           
                            11 (31.42%)

                           
                        
                     

                     
                           	
                              
                           
                            Fall from Tree/Steps

                           
                        
                        	
                              
                           
                            06 (17.140%)

                           
                        
                     

                     
                           	
                              
                           
                            Fracture type (Gartland Type)

                           
                        
                     

                     
                           	
                              
                           
                            Type 2

                           
                        
                        	
                              
                           
                            10 (28.57%)

                           
                        
                     

                     
                           	
                              
                           
                            Type 3A (Posteromedial)

                           
                        
                        	
                              
                           
                            15 (42.85%)

                           
                        
                     

                     
                           	
                              
                           
                            Type 3B (Posterolateral)

                           
                        
                        	
                              
                           
                            10 (28.57%)

                           
                        
                     

                  
               

            

            
                  
                  Table 3

                  Time to surgery and hospital stay of the patients
                  

               

               
                     
                        
                           	
                              
                           
                            Variables

                           
                        
                        	
                              
                           
                            Mean & SD (n=35)

                           
                        
                     

                     
                           	
                              
                           
                            Mean duration from injury to surgery

                           
                        
                        	
                              
                           
                            1.35 ± 0.48 Day

                           
                        
                     

                     
                           	
                              
                           
                            Mean duration of stay in the hospital

                           
                        
                        	
                              
                           
                            3.57 ± 0.5 Day 

                           
                        
                     

                     
                           	
                              
                           
                            Mean Baumann’s angle at 3 months

                           
                        
                        	
                              
                           
                            74.94 ± 4.37 degrees

                           
                        
                     

                  
               

            

            
                  
                  Table 4

                  Mean Baumann’s angle up to 3 months.
                  

               

               
                     
                        
                           	
                              
                           
                            S.No.

                           
                        
                        	
                              
                           
                            Time of measurement

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Standard deviation

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            Immediate postoperative period

                           
                        
                        	
                              
                           
                            74.88

                           
                        
                        	
                              
                           
                            3.91

                           
                        
                        	
                              
                           
                              0.9245

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            At 3 weeks

                           
                        
                        	
                              
                           
                            75.4

                           
                        
                        	
                              
                           
                            3.54

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            At 6 weeks

                           
                        
                        	
                              
                           
                            75.31

                           
                        
                        	
                              
                           
                            3.66

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            At 3 months

                           
                        
                        	
                              
                           
                            74.94

                           
                        
                        	
                              
                           
                            4.37

                           
                        
                     

                  
               

            

            The final results of this treatment modality were graded based on Flynn’s criteria and about 94.28% of study subjects had
               excellent to good outcomes (Table 5). One child had complication of superficial pin tract infection which was managed with
               regular dressing. Another child had K-wire migration which was reinserted in the appropriate direction. Among two children
               who had a poor outcome, one had cubitus varus deformity and another had elbow stiffness
            

            
                  
                  Table 5

                  Final outcome based on Flynn’s grading
                  

               

               
                     
                        
                           	
                              
                           
                            Results 

                           
                        
                        	
                              
                           
                            Outcome 

                           
                        
                        	
                              
                           
                            No. of patients 

                           
                        
                        	
                              
                           
                            Percentage 

                           
                        
                     

                     
                           	
                              
                           
                            Satisfactory

                           
                        
                        	
                              
                           
                            Excellent 

                           
                        
                        	
                              
                           
                            28

                           
                        
                        	
                              
                           
                            80 %

                           
                        
                     

                     
                           	
                              
                           
                            Good 

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            14.28 %

                           
                        
                     

                     
                           	
                              
                           
                            Unsatisfactory

                           
                        
                        	
                              
                           
                            Poor

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            5.71 %

                           
                        
                     

                  
               

            

         

         
               Discussion

            The Supracondylar fracture of the humerus is most commonly seen in children due to fall with an outstretched hand.12 The most commonly used treatment modality in this fracture is closed reduction and percutaneous K-wire fixation. The maintenance
               of reduction in these fractures pose a challenge to treating surgeon. Poor prognosis is seen in children who report to hospital
               after 24 hours of the injury.13 Most of the children in this study were below 8 years (72.85%). The mean age of the study participants was 7.9 years which
               matches with other studies in the literature. 14, 15, 16, 17 This fracture was predominantly seen in boys in this study and this has been reported in the literature.14, 16, 17, 18, 19 Previous studies have reported that the common mode of injury was a fall while playing, which was also found in this study.16, 19, 20 Involvement of left upper limb was seen more commonly than right in literature and in this study. 16, 17, 19, 21

            Literature says that, the traction application is also an effective method in the treatment of these fractures but has got
               many drawbacks and it also increases the duration of hospital stay.22 Use of either skin or skeletal traction for the treatment of supracondylar fracture of humerus is seen to increase the hospital
               stay of the patient.14 Open reduction and internal fixation in these fractures is recommended when it is an open fracture, with a vascular injury
               requiring exploration or difficulty in reduction. 14 Hence in recent times, closed reduction and percutaneous pin fixation has gained popularity for the treatment of displaced
               closed supracondylar fractures without associated neurovascular injury.
            

            In this study, the average delay from injury to the surgery was 2.65 days. Other studies have reported the time delay from
               1.3 to 2 days. 19, 23, 24 The increased delay between fracture and surgery in our study was due to delayed presentation to the hospital, as most cases
               were referred from the rural health centres. About half of the patients stayed in hospital for three days and another half
               for four days. The short duration of hospital stay helps in returning of child’s parents to their home and earn for the family.
               This was especially important for lower-income group families. The patient’s families were happy to go home early with an
               advice about the care of the POP slab, limb elevation, and active finger movements.
            

            The purpose of treating any fracture is to get fracture union in anatomical position without any associated complications.
               Closed reduction and percutaneous K-wire fixation is being used more commonly in the treatment of displaced (Gatland Type
               II and Gartland Type III) supracondylar fractures of humerus. In literature, majority of studies have used two crossed K-wires
               inserted from the medial and lateral aspect of the elbow.11, 25, 26 Use of only laterally inserted pins without any medial pin has also been reported in some studies.27 Biomechanically, a crossed pin configuration provides increased stability but studies have shown a increased risk of iatrogenic
               ulnar nerve injury during the insertion of the medial pin.23, 28, 29 Treatment of these fractures with only lateral pin however avoids the iatrogenic injury to the Ulnar nerve but, at the cost
               of decreased stability of the fracture fixation. 30, 31, 32, 33, 34

            Pin tract infection rate ranges from no pin tract infection to 5.8% in the previous studies. 11, 20, 35 In this study 1 patient (2.85%, n=35) had a pin tract infection that responded to the oral antibiotics. Studies have shown
               the loss of elbow range of movements between zero to five degrees, which was 4.49 degrees in this study. One patient had cubitus
               varus deformity with no major functional disability. One more child with stiffness of the elbow was put on active assisted
               physiotherapy and gradually got the functional range of movements.
            

            Loss of carrying angle in these fractures after treatment has been reported in the literature. In our study, loss of the carrying
               angle (zero to five degrees) of the affected extremity was noted in 25 (71.42%) patients. Other studies in the past have shown
               variable percentages of loss in carrying angle ranging from 82.9% to 91.75%.19, 20, 35 Our study showed that, about 85.72 % fractures had Baumann’s angle in the normal range at the final follow up as compared
               to other study which reported normal Baumann’s angle in 66% of the fractures. 36 Functional results based on Flynn’s grading system showed that 94.28% (n=35) children had satisfactory results. Our study
               findings are in comparison with other studies which reported excellent to good results from 74.02 % to 94%.11, 15, 35 
            

            The results of our study are comparable with other study results reported in the literature. Closed reduction with pinning
               aids in early discharge of patient. The limitations of this study is that there was no comparison group. Further studies with
               larger sample and long term follow up are required to see the long-term functional outcome of the affected limb.
            

         

         
               Conclusion

            Displaced supracondylar fractures of humerus can be effectively managed with closed reduction and percutaneous criss-cross
               K-wire fixation. This procedure does not disturb the normal fracture healing process and gives satisfactory functional outcome
               with reduced complications. 
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