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Abstract
BACKGROUND
Traumatic radial head dislocation (RHD) is a well-described injury in the pediatric population. It is usually associated with an injury to the ulna in Monteggia fracture-dislocation, although it can occur as an isolated injury. Traumatic RHD with ipsilateral radial shaft fracture has rarely been reported. Delayed RHD secondary to the malunion of an isolated radial shaft fracture is extremely rare.

CASE SUMMARY
We report a 9-year-old boy with limited pronation of the right elbow. The patient was diagnosed with delayed RHD associated with the malunion of a distal radial fracture. Since the annular ligament was disrupted with forearm rotation causing subluxation of the radial head, a modified double-strip Bell Tawse procedure was performed to reconstruct the annular ligament without corrective osteotomy for the malunited site. Four years after surgery, the angulation deformity of the distal radius was corrected with the restoration of the normal curvature of the radius. There was no recurrence of RHD.

CONCLUSION
Annular ligament reconstruction without corrective osteotomy could reduce RHD and restore the normal curve of the radial shaft in children with delayed dislocation of the radial head associated with malunion of the radial shaft. Annular reconstruction using double triceps tendon strips might be useful for maintaining a more stable reduction by augmenting anterolateral parts.
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Core Tip: Delayed radial head dislocation secondary to the malunion of an isolated radial shaft fracture is extremely rare. Corrective wedge osteotomy was performed in all previously reported cases to restore the normal curve of the radial shaft. The authors report a case in which the normal curve of the radial shaft was restored with a modified double-strip Bell Tawse procedure without corrective wedge osteotomy.


INTRODUCTION
Traumatic radial head dislocation (RHD) with ipsilateral radial shaft fracture has rarely been reported[1,2]. Delayed RHD secondary to the malunion of an isolated radial shaft fracture is extremely rare. Only four such cases have been reported in the English-language literature[3-6]. Thus, currently, there are no clear guidelines on surgical methods that can be successfully used for RHD with the malunion of a radial shaft fracture.
Corrective wedge osteotomy was performed in all previous cases to restore normal radial curvature (Table 1).
Herein, we report a case of delayed RHD associated with the malunion of a distal radial fracture in a 9-year-old boy. In the present case, the modified double-strip Bell Tawse procedure without corrective wedge osteotomy reduced the RHD and restored the normal curve of the radius shaft.

CASE PRESENTATION
Chief complaints
A 9-year-old boy visited our clinic complaining of pain and pronation limitation of the left forearm.

History of present illness
The patient sustained an angulated left distal radial fracture without a concomitant injury after falling from a height of three meters three months earlier. His fracture was immobilized with an above-elbow plaster cast for six weeks after closed reduction at a local clinic.

History of past illness
Computed tomography (CT) images of the left forearm performed at the time of injury showed a fracture with angulation of the radius at the distal third (Figure 1A). There was no dislocation of the radial head (Figure 1B). Two weeks after the injury, there was no evidence of displacement progression in the radial fracture, although mild subluxation of the radial head was observed radiographically.

Personal and family history
The patient had no significant medical history. No specific genetic disease was found in the family history.

Physical examination
Physical examination revealed limited pronation of the last 35° in the forearm.

Imaging examinations
Malunion with a posterior convex deformity of 22° was observed at the radial fracture site on the radiograph taken at our clinic three months after the injury.

FINAL DIAGNOSIS
The patient was diagnosed with a delayed dislocation of the radial head associated with the malunion of a distal radial fracture (Figure 1E).

TREATMENT
Although the patient was asymptomatic except for limitations in pronation, as his skeleton matures, radial head dislocation could cause long-term problems with forearm rotation and elbow function. Since remodeling ability remained in the malunion three months after injury in this 9-year-old child, good results could be obtained without corrective osteotomy as long as the reduction of the radial head and sufficient stability of the radiocapitellar joint could be maintained.
The elbow joint was approached from the lateral aspect. Soft tissue, such as the joint capsule, was impinged between the capitellum and the radial head. The annular ligament was ruptured, making it difficult to recognize (Figure 2A). After the capsular block was removed, the radial head was reduced. However, rotation of the forearm continued to cause subluxation of the radial head. Thus, an 8 cm × 1 cm strip of lateral triceps fascia and another 5 cm × 1 cm strip were harvested using a posterior incision, leaving the distal portion attached to the proximal ulna. This distal attachment was dissected subperiosteally to the level of the annular ligament insertion on the ulna to provide appropriate alignment of the reconstructed ligament (Figure 2B). After passing this double-strip down to anconeus, the long fascial strip was passed around the neck of the radius from behind to forward and sutured back to itself and the ulnar periosteum. The short strip was additionally augmented to the anterior part of the long strip to provide stability to the radiocapitellar joint (Figure 2C). Finally, reduction of the radial head was performed using transarticular Kirschner wires with the elbow at 90° of flexion and the forearm in neutral rotation. Kirschner wires were removed after cast immobilization for three weeks, and active elbow flexion-extension was started. Active forearm rotation was permitted five weeks after surgery.

OUTCOME AND FOLLOW-UP
The RHD was well reduced within the radiocapitellar joint in the lateral forearm radiograph taken three months after surgery. However, angulation of the distal radius remained (Figure 3A). The angulation deformity of the distal radius was corrected four years after surgery with the restoration of the normal curvature of the radius. There was no recurrence of RHD (Figure 3B). The flexion of the right elbow was 130° with extension at 0°. Supination was 85°, and pronation was 80° for the left forearm (Figure 4).

DISCUSSION
RHD is a well-described injury in the pediatric population. It is usually associated with an injury to the ulna in a Monteggia fracture-dislocation. Although rare, traumatic RHD with ipsilateral radial shaft fracture can occur when excessive pronation force is applied while the radial head is dislocated[7]. Many traumatic dislocations of the radial head are missed during the acute phase of treatment. Weisman et al[8] reported that the diagnosis of traumatic dislocation of the radial head was delayed in 10 (9.1%) of 110 children treated with these injuries. In eight children, the dislocation was overlooked on the initial radiographs. In two children, the radial head was reduced on the initial elbow radiographs. It was dislocated 10 d later in one child and 21 d later in the other. In the present study, we could not obtain initial elbow radiographs of the patient taken at a local clinic. The radial head was well positioned at the radiocapitella joint without subluxation or dislocation on CT images at the time of injury (Figure 1A and B). However, radiographic evaluation of the elbow using the radiocapitellar line showed subluxation of the radial head two weeks after the injury (Figure 1C and D). Radiographs taken 12 wk after the injury showed dislocation (Figure 1E). The most likely explanation was that the radial head might have dislocated at the time of impact and spontaneously reduced by the time the first radiographs were obtained. It was then re-dislocated while the arm was in a cast.
Delayed RHD associated with the malunion of an isolated radial shaft fracture is extremely rare. Only four such cases have been reported in the English-language literature[3-6]. Currently, there are no clear guidelines on surgical methods that can be successfully used for delayed RHD with the malunion of a radial shaft fracture. A study has performed corrective osteotomy to restore the normal curve of forearm bones and prevent dislocation of the radial head in a 15-year-old boy[3]. Yamazaki et al[4] have performed a corrective osteotomy of radial shaft and repair of the annular ligament in six months after the injury. In another report, a 12-year-old boy underwent corrective osteotomy with annular ligament reconstruction at 16 mo after injury[5]. In previously reported cases, corrective wedge osteotomy was performed in all cases to restore the normal curvature of the radius, with the repair or reconstruction of the annular ligament performed in two cases for RHD (Table 1) [3-6]. However, in the present case, the question was whether corrective osteotomy should be additionally performed in a situation where open reduction and repair or reconstruction of the annular ligament was considered. Although Sinikumpu et al[9] reported that operative treatment could be considered for angulation of more than 15° in forearm shaft fractures in children older than 8 years old, we judged that there was still the ability for spontaneous remodeling at the fracture site without corrective osteotomy on radiographs taken 12 wk after injury in our patient. Therefore, this lesion was treated with only annular ligament reconstruction using triceps strips without corrective osteotomy of the radial shaft. The reduction of the radial head was well-maintained four years postoperatively, and the normal curve of the radial shaft was restored.
Several resources have been used for reconstructing the annular ligament, including grafts from fascial strips of the forearm, fascia lata, tendon of palmaris longus, triceps tendon, and extensor aponeurosis[10]. However, each of these tissues has drawbacks. The forearm fascia and tendon of the palmaris longus are too weak to restrict the radius, and an additional incision is required for harvesting fascia lata.
The Bell Tawse procedure was originally introduced to treat a malunited anterior Monteggia fracture[11]. Bell Tawse described reconstruction of the annular ligament by turning down a strip of the triceps tendon, leaving it attached to the ulna, passing it around the neck of the radius from behind to forward, and securing it through a drilled hole in the ulna. Since its original description, several variations of the Bell Tawse procedure have been published. Lloyd-Roberts et al[12] preferred reconstruction of the annular ligament using a lateral slip of the triceps tendon because it confined the operation to one surgical field. In addition, preservation of the normal ulnar attachment inspires confidence in the viability of the refashioned ligament. Hurst et al[13] suggested that it is important to strip the tendon of the proximal olecranon with a 2- to 3-cm segment of the dorsal periosteum so that the attachment site of the newly reconstructed ligament will be parallel to the radial neck, not proximal to it. This alignment more closely approximates the normal anatomy of the annular ligament, unlike fixation to the olecranon. We also prefer to reconstruct the annular ligament using the triceps tendon. During the procedure, we dissected the distal attachment subperiosteally to the level of the annular ligament insertion in the ulna, as suggested by Hurst et al[13]. However, it is difficult to always obtain a good quality fascia strip of sufficient length for successful reconstruction since re-dislocation may occur as the graft material becomes loose. We have recently used a double-strip procedure that includes the lateral portion of the triceps tendon. First, the long strip was passed around the neck of the radius from behind to forward and sutured to itself and the ulnar periosteum. Next, the short strip was additionally reinforced in the anterior part of the long strip. This modified double-strip procedure is thought to provide greater stability to the radiocapitellar joint than a single strip, although biomechanical studies need to be performed in the future. Therefore, we could prevent limitations in the range of motion of the forearm by removing the transarticular Kirschner wire after three weeks and allowing active forearm rotation from four weeks after surgery.

CONCLUSION
In the present case, annular ligament reconstruction alone without corrective wedge osteotomy reduced RHD and restored the normal curve of the radial shaft. A modified double-strip Bell Tawse procedure might be useful for maintaining a more stable reduction through the plication of anterolateral parts.
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Figure Legends
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Figure 1 Images. A and B: Computed tomography images of the left forearm performed at the time of injury. A linear fracture with angulation is seen in the distal third of the radius (A); there is no radial head dislocation in the elbow joint (B); C and D: Radiographs of the left forearm performed two weeks after the injury. The radial fracture is well reduced and shows no evidence of displacement progression (C); a mild subluxation of the radial head, which was not observed at the time of injury, is seen at the elbow joint (D); E: Preoperative radiographs of the left forearm performed three months after the injury. Malunion with a posterior convex deformity of 22° at the radial fracture site associated with complete anterior dislocation of the radial head is shown.
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Figure 2 Surgical findings of dislocation of the radial head associated with malunited radial shaft. A: The elbow joint was approached from the lateral aspect. Soft tissue, such as the joint capsule, was impinged between the capitellum, and the radial head and annular ligament were ruptured, making it difficult to recognize; B: An 8 cm × 1 cm strip of lateral triceps fascia and another 5 cm × 1 cm strip were harvested using a posterior incision, leaving the distal attached to the proximal ulna; C: The long fascial strip was passed around the neck of the radius from behind to forward and sutured back to itself and the ulnar periosteum. The short strip was additionally augmented to the anterior part of the long strip. Finally, reduction of the radial head was held using transarticular Kirschner wires with the elbow in 90° of flexion and the forearm in neutral rotation.
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Figure 3 Radiographs of the left forearm performed during postoperative follow-up. A: The radial head dislocation was well reduced within the radiocapitellar joint in the forearm lateral radiograph taken three months postoperatively, although angulation of the distal radius remained; B: Four years after surgery, the angulation deformity of the distal radius was corrected with the restoration of the normal curvature of the radius, showing no recurrence of radial head dislocation.
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Figure 4 Clinical photographs taken at the last follow-up. A: The active range of motion was 130° of flexion, 0° of extension; B: 85° of supination; C: 80° of pronation for the left elbow in the last follow-up photographs.

Table 1 Clinical information on the present case and previously published four cases related to delayed radial head dislocation with malunion of radial fracture
	Ref.
	Gender (boy/girl)
	Age (yr)
	Fracture site of radius
	Initial treatment
	Time interval between injury and operation (mo)
	Treatment method
	Metal removal

	Kim et al (present case)
	Boy
	9
	Distal 1/3
	CR and cast immobilization
	3
	Annular ligament reconstruction
	(-)

	Yasutomi et al[3], 2000
	Boy
	15
	Mid 1/3
	CR and cast immobilization
	36
	Corrective osteotomy
	(+)

	Yamazaki et al[4], 2007
	Girl
	12
	Proximal 1/3
	CR and cast immobilization
	6
	Corrective osteotomy+annular ligament repair
	(+)

	Wang et al[5], 2022
	Boy
	12
	Proximal 1/3
	CR and cast immobilization
	16
	Corrective osteotomy+annular ligament reconstruction
	(+)

	Haines et al[6], 2020
	Girl
	2
	Proximal 1/3
	CR and cast immobilization
	10
	Corrective osteotomy
	(+)


CR: Closed reduction.
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