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Abstract
BACKGROUND
Neonatal distal humeral physeal fractures are rare and difficult to diagnose. Thus, missed diagnoses and delayed healing are possible. Few studies have reported surgical treatment, because a callus may develop at the fracture site 5 d after the fracture, resulting in difficult reduction, and reduction of the limb may cause further physeal injury. Other surgical challenges include the provision of adequate anesthesia and complexity of the operation. However, without appropriate reduction and fixation, a varus elbow deformity may develop. Manual reduction and percutaneous pin fixation are ideal treatment options.

CASE SUMMARY
A 4-day-old neonate with left elbow pain accompanied by limited movement for 4 d was admitted, and diagnosed with delayed physeal fracture of the distal humerus based on physical examination, ultrasonography, and magnetic resonance imaging. The patient was treated by manual reduction combined with percutaneous pin fixation under arthrography. Postoperatively, the reduction was successful. The upper limbs could have been lifted and the fingers could have been moved freely on the second day after the operation.

CONCLUSION
The techniques of manual reduction and percutaneous pin fixation, to treat neonatal distal humeral physeal fractures, are safe and reliable.
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Core tip: Physeal fractures of the distal humerus are rare in the neonate, and can be easily missed or misdiagnosed. Only a few reports of the management of such cases exist. Early diagnosis and treatment can be challenging. In this article, we present the case of a 4-day-old neonate with a left distal humeral physeal fracture, and introduce the use of manual reduction and percutaneous pin fixation under arthrography. Excellent results were achieved in this case. The techniques are an ideal treatment for this injury.


INTRODUCTION
Physeal fracture of the distal humerus is a rare injury in neonates that can be easily missed or misdiagnosed. Both vaginal delivery and cesarean delivery of newborns can induce this injury. Obstetric factors, such as difficult delivery, macrosomia, and cephalopelvic disproportion, are risk factors for this type of injury, and a breech delivery or emergency cesarean section can be extremely risky[1-6]. In addition, child abuse can also be a contributing factor to the injury[7]. Congenital diseases like congenital rickets, mucopolysaccharidosis, osteogenesis imperfecta, and other metabolic bone diseases may also be primary causes of the injury, in which neonatal fracture may be the first symptom of those diseases[2,3]. The main pathogenic mechanism is associated with the application of rotary shear force or traction to the epiphysis of the distal humerus, resulting in traumatic separation[2,4,8-10]. In neonates, the physis of the distal humerus is smooth and transverse without ossification centers, which is the weakest point of the distal humerus that is prone to physeal fractures due to rotary shear force or traction[3,7,11,12].
The epiphysis of the injured site is not yet ossified in the neonate, which makes it difficult to detect the injury on plain radiographs of the elbow. Thus, this injury is prone to escape diagnosis or be misdiagnosed. In most of the previous reports of treatment with closed or open reduction under anesthesia, fracture malunion was the typical outcome following a missed diagnosis[11,13-15]. 
A few researchers have reported no significant difference in function or appearance between the injured side and the healthy side at a later stage, even if the affected limb was not subjected to reduction; however, due to the long fixation time, obvious swelling that may occur, and difficult care of the child, this conclusion was not supported by a long-term follow-up[3,10]. The neonatal arm is too short to exert manipulative reduction to fix the fracture, compared with the arms of older children. Previous reports have not mentioned specific methods of manual reduction and fixation. In June 2019, we performed closed manual reduction and percutaneous pin fixation to treat a physeal fracture of the distal humerus in a neonate, with the aid of arthrography. Postoperative arthrography revealed that the reduction was successful. This article reports the case retrospectively and reviews the relevant literature.

CASE PRESENTATION
Chief complaints
A 4-day-old neonate was admitted to our hospital with left elbow pain accompanied by limited movement for 1 d.

History of present illness
The patient, who was born at another hospital, was noted by a nurse, during a bath on the third day after birth, to have abnormal movement of his left upper limb and swelling of the elbow joint, accompanied by mild tenderness, which made him cry excessively. Anteroposterior and lateral radiographs of the elbow joint indicated dislocation of the elbow joint (Figure 1). Emergency ultrasonography and magnetic resonance imaging (MRI) were performed, which confirmed the existence of a fracture and separation of the distal humeral physis of the left elbow (Figures 2 and 3). Two attempts at manual reduction by the local orthopedists failed to reset the fracture; hence, the patient was transferred to our hospital and arrived on the fourth day after birth.

Physical examination
Physical examination revealed swelling of the elbow joint with mild tenderness, and limited motion of the left upper limb (Figure 4).

Laboratory examinations
No abnormalities on preoperative examination.

Imaging examinations
Anteroposterior and lateral radiographs of the elbow joint indicated dislocation of the elbow joint. Preoperative MRI and ultrasonography suggested physeal fracture of the left distal humerus, swollen soft tissue surrounding the elbow joint, and no evidence of callus formation at the distal end of the fracture.

FINAL DIAGNOSIS
Physeal fracture of the left distal humerus.

TREATMENT
An emergency surgery was performed under inhalation anesthesia. During the operation, elbow arthrography was performed, revealing physeal fracture of the left distal humerus (Figure 5). The surgeon stood between the limbs and the head of the patient, and used a single-hand technique for reduction. The surgeon pulled the patient's forearm with his left thumb, forefinger, and middle finger, pushing the medial condyle of the distal humerus with his left little finger, while the surgeon held the upper arm of the patient with his right thumb and forefinger (Figure 6). The elbow was flexed to 30° with gradual traction and kept traction for 2 min, after which the left middle finger of the surgeon was gradually used as the fulcrum to flex and pronate the forearm. Finally, the forearm was held in place at extreme flexion with the surgeon’s thumb and forefinger.
The fractures were fixed, using two Kirschner wires that were inserted from the lateral condyle of the humerus to cross the fracture line, with the aid of an electric drill in the right hand of the surgeon (Figure 7). Satisfactory reduction was confirmed by C-arm fluoroscopy (Figure 8). The patient’s upper limb was immobilized to 50° of elbow flexion by using a cast.

OUTCOME AND FOLLOW-UP
On the second day after the operation, the upper limbs of the patient could have been lifted and the fingers could have been moved freely.

DISCUSSION
Clinical diagnosis and imaging
In terms of differential diagnoses, a physeal fracture of the distal humerus in neonates needs to be differentiated from dislocation of the elbow and brachial plexus palsy. The manifestation of a dislocated elbow is very similar to that of a physeal fracture of the distal humerus. The main difference is the fact that the relationship between the medial and lateral condyles of the humerus and the olecranon is maintained in a physeal fracture of the distal humerus, even after injury; however, in elbow dislocations, the relationship of the medial and lateral condyles and olecranon appears to be disrupted[5,8,9,16-18]. 
Therefore, if a neonate has the above-mentioned clinical manifestations and physical examination suggests a normal three-point relationship between the medial and lateral condyles of the humerus and olecranon of the ulna, the possibility of a physeal fracture of the distal humerus should be considered. Furthermore, the physeal fracture can be distinguished from dislocation of the elbow and humeral lateral condyle fractures. Nevertheless, it is often difficult to identify the injury in this way when the swelling is severe[5,8,19,20]. 
In addition, since the affected limb may present pseudoparalysis manifestations, like wrist and finger extension disorders after injury, as in the present case, attention should be paid to differentiating the injury from brachial plexus nerve injury. This type of injury can be identified by observing the spontaneous movements of the hand, wrist, and shoulder and through the use of nerve conduction tests[3,21].
Because the epiphyseal ossification centers of the humerus, radius, and ulna in the elbow are not ossified in neonate, the alignment of the capitellum and radius is difficult to be revealed on plain radiograph, making the diagnosis difficult[2,4,16,22]. Ultrasonography can better display the relationship between the epiphysis and metaphysis, blood and fragment within the joint space, as well as any interactions in real-time[3,8,19,22-25]. Thus, the use of ultrasonography has a number of advantages in the neonatal intensive care unit, including its portability and facilitation of continuous monitoring of the later stages of healing. It can therefore be used as the primary means of auxiliary examination. However, ultrasonography also has its disadvantages, as the technique may induce pain in neonates, and there is a higher requirement for the surgeons' skills, as it is not always a simple procedure. 
Moreover, MRI can accurately reveal the condition of bone, cartilage, and soft tissue in the joint, with the advantages of obtaining images in all planes. Furthermore, there is no need for specific positioning of the neonate and no radiation risk; however, sedation is required during the examination, which can limit the wider application of MRI[2,4,8,10,16]. Arthrography can better display and facilitate intraoperative observation of fracture displacement and reduction with the C-arm imaging[12,26]. It is economical but invasive. 

Considerations in the treatment of this case
Some researchers have proposed that callus formation at the ends of a physeal fracture of the distal humerus in the neonate begins to form on the fifth day after the injury. Reduction is not recommended when the fracture is older than 5 d[5,21,27]. 
In the present case, the patient underwent ultrasonography and MRI on the third day after the injury. Four days after the injury, clinical examination showed that the elbow joint was still swollen, and tenderness and crepitus were still evident at the fracture site. However, ultrasonograms revealed no callus formation, as treatment was not delayed in this case.
The effects of reduction were satisfactory, indicating that our treatment was timely. Callus formation was not observed at any point in time. Callus formation is mainly thought to be due to unstable fracture without fixation or restriction of activity from the time of diagnosis to treatment.

Manual reduction and percutaneous pin fixation with arthrography
Various methods for treatment of physeal fractures of the distal humerus in the neonate have been reported, including closed reduction under anesthesia, plaster or splint fixation, open reduction, and Kirschner wire fixation. In most cases, both functions and appearance were favorably restored during follow-up[10,11,16,22,28]. However, Ratti et al[3], in a retrospective study of 33 cases, showed that some patients who underwent conservative treatment had malunion and cubitus varus deformity in the later stage.
If fixation is inadequate after closed reduction, subsequent deformities may also occur. Jacobsen et al[11] reported that a neonate who underwent closed reduction and plaster fixation had a mild cubitus valgus deformity during follow-up, even though this did not affect the appearance or function of the limb. A few researchers have demonstrated that even if the neonatal physeal fracture of the distal humerus is not treated, follow-up results in most cases are optimistic; however, there have been no long-term follow-up reports to support this conclusion[3,10]. This case was treated by rapid closed reduction and percutaneous pin fixation without consideration of the risk of fixation with extreme flexion, or the risk of displacement after reduction. Nevertheless, concerns about waiting for deformity remodeling were allayed and the potential for any medical disputes was reduced. Meanwhile, the care and feeding of the patient also became easier.
The patient in the present case was first treated by manual reduction after a definitive diagnosis at the local hospital. This procedure was not successful. Therefore, we considered the extent of displacement to be serious. The proximal end of the fracture passed through the brachial muscle into the anterior subcutaneous tissue of the elbow in a “buttonhole” shape. Thus, soft tissue was embedded between the fracture ends. Therefore, we considered the fracture of this neonate as an “irreversible” physeal fracture of the distal humerus.
Some authors believe that closed reduction is impossible, and consider open reduction to be the preferred treatment[16,29,30]. However, other authors believe that closed reduction and Kirschner wire fixation should be attempted in the treatment of “irreversible” physeal fractures of the distal humerus, because the dissection of soft tissue, and exposure and reduction of the fracture ends during open reduction may lead to intra-articular injury, thereby aggravating the elbow injury[29,31].
Extension traction is not suitable for the reduction of completely displaced “irreversible” physeal fractures of the distal humerus in the neonate. This is because extension traction cannot achieve reduction, as it may keep the anterior structures of the elbow, such as biceps tendon and brachialis muscle tense, thereby locking more tightly the proximal fracture end that is likely to be anteriorly displaced. This could severely compress the soft tissue under the proximal fracture end.
Compared with older children, the neonatal arm is too short for the exertion of manipulative reduction and fracture fixation. Previous reports have not mentioned the specific methods of manual reduction and fixation. In this case, the surgeon stood between the affected limb and head of the patient, held the limb, and exerted traction reduction using only the fingers. Satisfactory reduction and fixation of the broken end of the fracture were achieved. The upper limb of the patient could have been lifted the day after the operation, and the fingers could have been moved freely. Thus, we believe that the traction on the nerves and blood vessels was alleviated after reduction.

CONCLUSION
The techniques of manual reduction and percutaneous pin fixation to treat physeal fractures of the distal humerus in a 4-day-old neonate, combined with arthrography, were safe and reliable. Ultrasonography, MRI, and arthrography can reveal the intra-articular area favorably, which is helpful in the diagnosis. Surgery can be performed satisfactorily under ultrasonography or arthrography. On the fourth day after birth, no callus formation was evident at the fracture end, on physical examination or imaging findings. Callus formation at the fracture end of the newborn is related to the stability of the fracture ends and the fracture site. As anesthesia and reduction technology permit, manual reduction and percutaneous Kirschner wire fixation with arthrography are recommended for the treatment of physeal fractures of the distal humerus in the neonate. This approach can achieve early symptomatic relief, reduce the waiting time for malunion by remodeling, stabilize the fracture ends, and minimize the complications associated with the operation.
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Figure Legends
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Figure 1 Anteroposterior and lateral radiographs of the elbow joint from the primary hospital, indicating dislocation of the elbow joint.
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Figure 2 Ultrasonograms of the elbow joint from the primary hospital, indicating physeal fracture of the left distal humerus.
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Figure 3 Magnetic resonance imaging of the elbow joint from the primary hospital, indicating physeal fracture of the left distal humerus without callus formation.
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Figure 4 On admission, physical examination revealed considerable swelling of the elbow, tenderness, and upper limb dysfunction.
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Figure 5 Arthrography of the elbow during the operation revealed physeal fracture of the distal humerus, and posteromedial displacement of the distal epiphysis.
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Figure 6 Sketch of manual reduction.
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Figure 7 Internal fixation was performed using Kirschner wire. Subsequent arthrography revealed satisfactory reduction of the fracture.
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Figure 8 Postoperative anteroposterior and lateral radiographs of the elbow joint indicated the alignment of the humeral-ulnar joint with satisfactory reduction and fixation of the physeal fracture of the distal humerus. 
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