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Abstract
BACKGROUND
Maisonneuve fracture is a special type of ankle fracture that consists of proximal fibular fracture, a lesion of the inferior tibiofibular syndesmotic complex (interosseous ligament, anterior inferior tibiofibular ligament and posterior inferior tibiofibular ligament), and injury of the medial structure of the ankle (deltoid ligament tear or medial malleolar fracture). The accepted mechanism of Maisonneuve fracture is pronation external rotation according to the Lauge-Hansen classification. In this paper, we report a rare pattern of Maisonneuve fracture, which has the characteristics of both pronation external rotation ankle fracture and supination adduction ankle fracture.

CASE SUMMARY
A 31-year-old female patient accidentally sprained her right ankle while walking 5 d before hospitalization in our hospital. The patient was initially missed in other hospitals and later rediagnosed in our outpatient department. Full-length radiographs of the lower leg revealed proximal fibula fracture, inferior tibiofibular joint separation, and medial malleolar fracture involving the posterior malleolus, which was also revealed on computed tomography scans. Magnetic resonance imaging revealed rupture of the anterior inferior tibiofibular ligament and anterior talofibular ligament. We diagnosed a rare pattern of Maisonneuve fracture with proximal fibular fracture, inferior tibiofibular joint separation, medial malleolar fracture and ruptures of the anterior inferior tibiofibular ligament and anterior talofibular ligament. The patient underwent open reduction and internal fixation in our hospital. A 6-mo postoperative follow-up confirmed a good clinical outcome.

CONCLUSION
To our knowledge, this rare pattern of Maisonneuve fracture has not been previously described. The possible mechanism of injury is supination adduction combined with pronation external rotation. Careful analysis of the injury mechanism of Maisonneuve fracture is of great clinical significance and can better guide clinical treatment.
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Core Tip: We report a rare pattern of Maisonneuve fracture, which has the characteristics of both pronation external rotation and supination adduction. The patient was initially missed in other hospital and later rediagnosed in our hospital. The patient underwent open reduction and internal fixation. A 6-mo postoperative follow-up confirmed a good clinical outcome. To our knowledge, this rare pattern of Maisonneuve fracture has not been previously described. The possible mechanism of injury is supination adduction combined with pronation external rotation. Careful analysis of the injury mechanism of Maisonneuve fracture is of great clinical significance and can better guide clinical treatment.

INTRODUCTION
Maisonneuve fracture is a special type of ankle fracture that consists of proximal fibular fracture, a lesion of the inferior tibiofibular syndesmotic complex (interosseous ligament, anterior inferior tibiofibular ligament and posterior inferior tibiofibular ligament), and injury of the medial structure of the ankle (deltoid ligament tear or medial malleolar fracture)[1,2]. Understanding the injury mechanism of ankle fractures can better guide their treatment[3]. The accepted mechanism of Maisonneuve fracture is pronation external rotation according to the Lauge-Hansen classification[4].
In this paper, we report a rare pattern of Maisonneuve fracture, which has the characteristics of both pronation external rotation ankle fracture and supination adduction ankle fracture. To our knowledge, this is the first time that this rare pattern of Maisonneuve fracture has been reported, and there are no similar cases in the English literature.

CASE PRESENTATION
Chief complaints
A 31-year-old female patient accidentally sprained her right ankle while walking 5 d before hospitalization in our hospital.

History of present illness
She felt pain and gradual swelling in her right ankle and could not stand or walk normally. No significant relief was found after rest. The patient was admitted to the emergency department of another hospital for X-ray examination, which indicated a fracture of the right medial malleolus. The patient received manual reduction and external fixation with braces. Two days before hospitalization, the patient was reviewed in the outpatient department of our hospital. The patient complained of extensive pain around the ankle joint. The patient was admitted to our hospital for further examination and treatment.

History of past illness
She had no other history of past illnesses.

Personal and family history
She had no genetic or familial disease history.

Physical examination
Physical examination revealed a closed ankle injury with extreme tenderness, swelling and subcutaneous ecchymoses around the ankle joint. There was also tenderness and subcutaneous ecchymoses at the proximal fibula. Neurological examination showed no obvious abnormalities. The dorsalis pedis pulse and posterior tibial artery pulse were palpable.

Laboratory examinations
Laboratory examinations revealed no obvious abnormality.

Imaging examinations
Full-length radiographs of the lower leg revealed proximal fibula fracture, inferior tibiofibular joint separation, and medial malleolar fracture involving the posterior malleolus (Figure 1), which was also revealed on computed tomography (CT) scans (Figure 2A and B). The proximal fibula fracture was located approximately 7 cm from the distal end of the fibula head, and the fracture line was long and oblique, which is similar to a Maisonneuve fracture and belongs to pronation external rotation fracture according to the Lauge-Hansen classification. The medial malleolar fracture was a vertical fracture, which is similar to supination adduction fracture according to the Lauge-Hansen classification. Magnetic resonance imaging revealed rupture of the anterior inferior tibiofibular ligament and anterior talofibular ligament, surrounded by areas of high signal representing edema and hemorrhage (Figure 2C and D).

FINAL DIAGNOSIS
We diagnosed a rare pattern of Maisonneuve fracture with proximal fibular fracture, inferior tibiofibular joint separation, medial malleolar fracture and ruptures of the anterior inferior tibiofibular ligament and anterior talofibular ligament.

TREATMENT
On the second day after admission, we performed open reduction and internal fixation of the right ankle fracture in the operating room. Meanwhile, ligament exploration and repair were performed. Epidural anesthesia was used. After successful anesthesia, the patient was placed in the supine position. Routine disinfection, dressing, and tourniquet were performed.
First, the inferior tibiofibular syndesmosis was explored by a lateral approach. The inferior tibiofibular syndesmosis was separated, and the anterior inferior tibiofibular ligament was ruptured. The length of the fibula was restored, and the inferior tibiofibular syndesmosis was reduced. Kirschner wire was used for temporary fixation. After satisfactory anatomical reduction by fluoroscopy, the syndesmosis was fixed with locking plate screws. The screw placement direction was oriented 30° from posterior to anterior with slight dorsiflexion of the ankle. Next, the medial malleolar fracture was reduced by an arc-shaped incision along the posterolateral side of the medial malleolus and fixed by two 3.5-mm partially threaded cannulated screws (Figure 3). The fracture was still fretting and was supplementally fixed with microplate screws. Finally, the anterior talofibular ligament was repaired with absorbable sutures at the lateral incision. Intraoperative stress radiographs showed that the fracture was in good alignment and that the tibiofibular syndesmosis was stable.

OUTCOME AND FOLLOW-UP
Postoperatively, the ankle was immobilized in a short-leg cast for two weeks, and then active and passive non-weight bearing exercise of the ankle was started. Three months after the operation, reexamination of the radiographs showed that the fracture line of the medial malleolus disappeared, the fibula fracture line was blurred, and extensive callus formed around the broken end of the fibula fracture (Figure 4A and B). Then, the plate and all screws were removed (Figure 4C). Subsequently, the patient gradually performed weight-bearing, functional exercises. At 6 mo postoperative, the patient's ankle range of motion was fully restored to her preinjury level. The patient’s American Orthopedic Foot and Ankle Society hindfoot-ankle scale[5] score was 100 points.

DISCUSSION
Maisonneuve fracture was first named in 1840 by the French surgeon Maisonneuve[6]. According to the literature, Maisonneuve fractures account for approximately 7% of ankle fractures[7]. Maisonneuve fracture is often missed because most patients complain of ankle pain rather than proximal fibula pain[8]. In this case, the patient was initially admitted to an outside hospital. Since the patient only complained of pain in the ankle, only an ankle radiograph was performed. The results suggested medial malleolar fracture with slight separation of the inferior tibiofibular syndesmosis. The patient was treated conservatively. Three days after the injury, the patient was re-examined in our outpatient department due to ankle pain. Maisonneuve fracture was confirmed by careful physical examination and full-length radiographs of the lower leg. These results suggest that Maisonneuve fracture should be highly suspected in patients with simple medial malleolar fracture. Careful examination of the entire lower leg should be performed in all patients with ankle fractures. For patients with suspected Maisonneuve fracture, full-length leg radiographs or even stress-position radiographs should be taken.
Understanding the mechanism of injury is very important for the treatment of ankle fracture[9]. For either closed reduction or open reduction, the physician can reduce the fracture according to the opposite direction of the injury mechanism[10,11]. The Lauge-Hansen classification provides a sequential mechanism of injury that considers soft tissue as well as osseous structures in the development of ankle fractures[12]. According to the Lauge-Hansen classification, ankle fractures can be divided into four types: Supination external rotation, supination adduction, pronation external rotation and pronation abduction[13,14].
Most scholars classify Maisonneuve fractures as pronation external rotation ankle fractures according to the Lauge-Hansen classification[15,16]. Once injured, the medial structure is damaged first, including rupture of the deltoid ligament or fracture of the medial malleolus, followed by rupture of the anterior inferior tibiofibular ligament or avulsion fracture of the attachment, rupture of the interosseous ligament, rupture of the interosseous membrane, and proximal fibula fracture. If violence persists, rupture of the posterior inferior tibiofibular ligament or avulsion fracture of the posterior tibial tubercle may occur[17-19].
The case presented here is a rare pattern of Maisonneuve fracture, which has the characteristics of both pronation external rotation ankle fracture and supination adduction ankle fracture. In this case, the fibula fracture was long and oblique, and the fracture line was proximal to the fibula. There was also inferior tibiofibular separation. These characteristics are similar to a typical Maisonneuve fracture, which is a pronation external rotation ankle fracture. However, the medial malleolus of the typical pronation external rotation ankle fracture usually presents an oblique fracture or rupture of the deltoid ligament, without rupture of the anterior talofibular ligament or calcaneofibular ligament[20]. In this case, the medial malleolar fracture was vertical, and there was rupture of the anterior talofibular ligament, which is consistent with supination adduction ankle fracture.
The separate fracture configurations raise questions regarding the injury mechanism of the presented case. Inferior tibiofibular separation and proximal fibula fracture are clearly prone to external rotation patterns. However, the fracture morphology of the medial malleolus and rupture of the anterior talofibular ligament display the characteristics of a supination adduction pattern. We hypothesized that the mechanism of this injury may be that the foot starts in supination and suddenly experiences an adduction type injury, resulting in rupture of the anterior talofibular ligament and vertical fracture of the medial malleolus. The original position of the foot was changed to pronation when the patient tried to stand, which was followed by an external rotation injury resulting in inferior tibiofibular separation and proximal fibula fracture.

CONCLUSION
In summary, Maisonneuve fracture is an uncommon fracture that is often overlooked in patients with ankle injuries. An accurate and thorough physical examination, appropriate radiological examinations and intraoperative stress fluoroscopy are necessary. Careful analysis of the injury mechanism of Maisonneuve fracture is of great clinical significance and can better guide clinical treatment.
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Figure Legends
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Figure 1 Preoperative radiographic view of the ankle and leg. A: Preoperative anteroposterior radiographic view of the ankle and leg (arrow); B: Preoperative lateral radiographic view of the ankle and leg (arrow). Full-length radiographs of the lower leg revealed proximal fibula fracture (arrow) and medial malleolar fracture (arrow).
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Figure 2 Three-dimensional computed tomography scan and magnetic resonance imaging of the ankle and leg. A: Anterior view of the computed tomography (CT) scan of the ankle and leg (arrow); B: Axis view of the CT scan of the ankle (arrow); C: Sagittal magnetic resonance imaging (MRI) of the ankle (arrow); D: Axial MRI of the ankle (arrow); A and B: CT scan revealed proximal fibula fracture, inferior tibiofibular joint separation, and medial malleolar fracture involving the posterior malleolus (arrow); C and D: MRI revealed rupture of the anterior inferior tibiofibular ligament and anterior talofibular ligament (arrow).
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Figure 3 Immediate postoperative radiographic view of the ankle. A: Immediate postoperative anteroposterior radiographic view of the ankle; B: Immediate postoperative lateral radiographic view of the ankle.
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Figure 4 Three months postoperative radiographs of the ankle and leg. A and B: Anteroposterior and lateral radiographic view of the ankle and leg before removal of internal fixation; C: Anteroposterior view of the ankle and leg after removal of internal fixation.
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