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ABSTRACT
BACKGROUND
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]The phrase “floating knee is a flail knee joint,” referring to ipsilateral femoral and tibial fractures, was first used by Blake and McBryde in 1975. This condition is often caused by a high-energy trauma with often extensive injury to the soft tissues, and is accompanied by life-threatening systemic complications, including head, chest or abdominal injuries and a high incidence of fat embolism. Floating knee is a severe and uncommon injury pattern.

CASE SUMMARY
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]A 27-year-old man sustained multiple injuries when the electric motorcycle he was riding was hit by a van. His injuries included traumatic hypovolemic shock, comminuted and open type II fractures of the left femoral shaft, fracture of the right femoral shaft, comminuted fracture of the bilateral tibial and fibular shaft, and multiple lacerations and abrasions on his forehead, lower lip, neck and limbs. The diagnosis was simultaneous bilateral floating knee complicated with soft tissue injuries. After emergency treatment and the exclusion of life-threating complications, open reduction and internal fixation were successfully performed using plates and screws in the bilateral femoral and tibial shafts.

CONCLUSION	Comment by Cathel Kerr: This section should have no more than 20 words. Please shorten this accordingly.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Simultaneous bilateral floating knee is a rare injury pattern and results in severe damage, including bilateral femoral and tibial fractures with involved diaphyseal, metaphyseal, and intra-articular joint and may be combined with head, chest or abdominal injuries, and other ligamentous and soft tissue injuries. The treatment is challenging, and complications, such as wound infection, deep vein thrombosis, fat embolism syndrome, pulmonary embolism, malunion, nonunion, chronic osteomyelitis, implant failure, knee stiffness, and post-traumatic arthritis, are common. We present a rare case report of a 27-year-old adult who suffered from bilateral floating knees during road traffic accident. We also offer our treatment experience of this complex injury and review past literature.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK48][bookmark: OLE_LINK49]Key Words: Floating knee; Femoral and tibial fractures; High-energy trauma; Life-threatening complications; Fat embolism syndrome; Case report

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Wu CM, Liao HE, Lan SJ. Simultaneous bilateral floating knee: A case report. World J Clin Cases 2022; In press

[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK50]Core tip: Blake and McBryde first used the term floating knee (FK) in 1975, referring to ipsilateral fractures of the femur and tibia that disconnect the knee joint from the rest of the lower limb. The incidence of FK is likely to be infrequent. FK often induces severe life-threatening complications, such as head injury, intra-abdominal bleeding, vascular rupture, fat embolism syndrome, acute respiratory distress syndrome, and soft tissue injury. Treatment of FK is challenging. An urgent primary assessment and resuscitation followed by suitable and timely definitive treatment comprising systemic soft tissue and fracture considerations reduces the risk of complications. Simultaneous bilateral FK is extremely rare, constituting an unusual fracture pattern. No study has reported the exact incidence. In this study, we report a case of simultaneous bilateral FK, which included bilateral femoral, tibial, and fibular midshaft fractures caused by an electric motorcycle accident, and discuss its therapy process and associated complications.	Comment by Cathel Kerr: This section should have no more than 100 words. Please shorten this accordingly.

INTRODUCTION
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Blake and McBryde used the term floating knee (FK) in 1975, referring to ipsilateral fractures of the femur and tibia that disconnect the knee joint from the rest of the lower limb[1,2]. FK damage is a flail knee joint and includes associated diaphyseal, metaphyseal, and intra-articular fractures[3,4]. The exact incidence of FK remains undetermined[5], but it is likely to be infrequent, with Letts et al[6] reporting an incidence of 2.6% of all fractures in 1986. The incidence of FK, caused by high-velocity and high-energy trauma, is increasing because of changing lifestyles, high-speed motor vehicles, and poor road conditions[7]. FK often induces severe life-threatening complications, such as head injury, intra-abdominal bleeding, vascular rupture, fat embolism syndrome (FES), acute respiratory distress syndrome (ARDS), and soft tissue injury[8-10]. Simultaneous bilateral FK is extremely rare, constituting an unusual fracture pattern. No study has reported the exact incidence. In this study, we report a case of simultaneous bilateral FK, which included bilateral femoral, tibial, and fibular midshaft fractures caused by an electric motorcycle accident. We also offer our treatment experience and discuss its associated complications of this complex injury, based on past literature review.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]A 27-year-old man, a laborer from Vietnam, sustained head injury and severe pain as well as swelling and deformity in both lower limbs as a result of a road traffic accident on July 7, 2018.

History of present illness
[bookmark: OLE_LINK95][bookmark: OLE_LINK101]The patient had no medical history.

History of past illness
[bookmark: OLE_LINK102][bookmark: OLE_LINK105]The patient had no special past illness.

Personal and family history
[bookmark: OLE_LINK106][bookmark: OLE_LINK117]The patient had no history of drug allergies, smoking, or drinking, and no relevant family history.

Physical examination
[bookmark: OLE_LINK118][bookmark: OLE_LINK124]The patient was brought by ambulance to our emergency room (ER) for treatment. A general examination revealed that the patient had a head injury with a Glasgow Coma Scale score of E4V5M3 and clear consciousness, and he was able to communicate. The initial vitals revealed hypotension (82/55 mmHg), tachycardia (107 beats/min), and a respiration rate of 26 breaths/min. During the clinical physical examination, the patient was bedridden and was incapable of stepping on or making small motions with either foot. Multiple bleeding lacerations were observed on the left forehead (3.0 × 2.0 cm), lower lip (2.0 × 1.0 cm), anterior neck (4.0 × 1.0 cm), left anterior thigh (2.5 × 2.0 cm), left posterior heel (4.0 × 1.0 cm), and right posterior thigh (3.0 × 1.0 cm). Multiple abrasions were also identified on his face, body and limbs. The thighs and lower limbs appeared deformed, with free floating bone fragments. Distal pulses, including in the bilateral popliteal artery, posterior tibial artery, and pedal dorsal artery, were palpable.

Laboratory examinations
[bookmark: OLE_LINK125][bookmark: OLE_LINK126]Routine blood tests revealed that hemoglobin was 9.5 mg/dL, and other blood chemistry results, including for liver and kidney function and electrolyte assessment, were all within the normal range.

Imaging examinations
[bookmark: OLE_LINK59][bookmark: OLE_LINK92][bookmark: OLE_LINK127]A plain radiograph revealed displaced bilateral femoral, tibial, and fibular midshaft fractures (Figure 1). Computed tomography (CT) identified no notable intracranial, intrathoracic, or intra-abdominal bleeding.

FINAL DIAGNOSIS
[bookmark: OLE_LINK128][bookmark: OLE_LINK129]Based on the examination and imaging findings, the main diagnoses were traumatic hypovolemic shock, comminuted and open type II fracture of the left femoral shaft, fracture of the right femoral shaft, comminuted fracture of the bilateral tibial and fibular shaft, and multiple lacerations and abrasions on the forehead, lower lip, neck and limbs.

TREATMENT
[bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK116]The patient received a blood transfusion of 2 U of packed red blood cells (RBCs) to treat hypovolemic shock. Primary suture of the forehead and lower lip wounds was performed in the ER. Within 4 h of sustaining the injury, after the laboratory data had been received and life-threating complications excluded, the patient was transferred to the operating theater for surgery. The surgical procedure was performed on the left side first because of the greater number of comminuted and open left femoral fractures. The patient received general anesthesia at 08:10 h and was placed on the operating table in the right lateral decubitus position. After sterilization and draping, we performed open reduction and internal fixation (ORIF) with a locking plate in the left femoral shaft. The operating table was then tilted backward approximately 20° to expose the anterior of the leg more fully, and ORIF was performed using a narrow dynamic compression plate (DCP). Two 1/8 Hemovac drains were then inserted into the thighs and calves, and the wound was closed in layers. Finally, with an 18-gauge needle, we punctured hundreds of small holes around the closed wound in the left leg and thigh, imitating a Chinese medicine blood-letting method, to allow the accumulated blood in the tissue to flow out to prevent skin necrosis and compartment syndrome (Figure 2). The same ORIF procedure was performed on the right femoral fracture using a broad DCP and on the tibial fracture using a narrow DCP after changing the patient’s position to left lateral decubitus (Figure 3). The surgical procedure was completed at 02:50 h on the following day. The total operative time was 6 h 40 min. The estimated blood loss was 0.9 L intraoperatively, and the patient received 4 U of packed RBC and 4.2 L of crystalloid solution.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK132][bookmark: OLE_LINK133]The patient remained intubated following surgery, and his ventilatory and vital signs were closely monitored in the surgical intensive care unit. Initially, antibiotics (1.0 g cefazolin every 6 h and 80 mg gentamycin every 12 h) were administered to prevent wound infection, and nonsteroidal anti-inflammatory drugs were administered for 2 d to relieve pain. The patient’s recovery was positive, and his respiratory condition was smooth. We removed the endotracheal tube after weaning him off the ventilator on July 10, 2018, but a petechial rash on both forearms and progressive shortness of breath with dyspnea and hypoxemia were detected, resulting in emergency endotracheal intubation 9 h later. The patient was sedated using propofol infusion. Simultaneously, we performed further tests, including chest X-ray and blood, arterial blood gas, C-reactive protein (CRP), and D-dimer tests, with the following results: body temperature 38.0°C, white blood cell count 11 320/µL, hemoglobin 8.8 g/dL, CRP 14.15 mg/dL, D-dimer 6915 ng/mL, PO2 37 mmHg, PCO2 43 mmHg, and O2 saturation 73%. These results indicated FES and pneumonia, and we therefore consulted a pulmonologist and cardiologist. The cardiologist administered an anticoagulant (6000 IU clexane every 12 h) to improve FES. An infectious disease specialist was also consulted, who prescribed antibiotics (500 mg vancomycin intravenously every 12 h and 500 mg boojum intravenously every 8 h) to treat pneumonia. The patient’s condition improved gradually, and sedation was withdrawn on July 14, 2018. After several days of treatment, chest X-ray and CT with contrast revealed no abnormal findings. The patient was weaned off the ventilator, and the endotracheal tube was removed successfully on July 16, 2018. He was transferred to the ordinary ward the following day, where he remained until his condition was stable. The patient was discharged on July 23, 2018.
The patient underwent rehabilitation after being discharged. Approximately 4 mo after surgery, he was able to stand and walk without external support. No limited motion or claudication in the bilateral lower limbs was noted. He then returned to Vietnam, returning to work 6 mo after surgery. An X-ray 13 mo postoperatively demonstrated successful fracture union (Figure 4).

DISCUSSION
[bookmark: OLE_LINK134][bookmark: OLE_LINK135]When Blake and McBryde first developed the concept of FK in 1975, they classified the injured extremities according to the fracture site: type I fractures involved femoral and tibial shaft fractures, type IIA fractures involved the knee joint, and type IIB fractures involved the hip or ankle joints[1].
In 1978, Fraser et al[11] revised the classification system, in which FK injuries involved the intra-articular knee joint, which affects treatment choices. Type I involves simultaneous femoral and tibial shaft fractures without extension into the knee joint, and type II fractures extend into the knee and are subdivided in the following: type IIA involves a tibial plateau fracture and an ipsilateral femoral shaft fracture; type IIB includes distal femoral fractures extending into the knee joint; and type IIC involves both tibial plateau and distal femoral fractures extending into the knee joint.
An overall incidence of 4.6% and 3.8% has been reported for bilateral femoral and bilateral tibial shaft fractures, respectively[12]. As the number of motor vehicle accidents increases, a progressive increase in the incidence of ipsilateral femur and tibia fractures has been reported. Concomitant fractures of the ipsilateral femur and tibia are serious because of the high mortality associated with these injuries. Although the incidence of FK is undetermined[13], the related mortality rates range from 5% to 15%, and amputations are reported in up to 27% of patients. The incidence of knee ligament injuries related to FK is as high as 53% according to the literature[7,14-16].
Accurate reduction and firm fixation to regain articular and mechanical alignment are the treatment goals to optimize later function[13]. Generally, femoral fractures should be fixed prior to the tibial fracture, except in the case of an open tibial fracture[17]. The choice of implants for fixation includes intramedullary nails, plates, or a combination of the two. Although Rethnam et al[18] reported a short fracture union time and positive functional recovery in patients treated with intramedullary nails for extra-articular fractures and plates for intra-articular fractures in FK, each fracture is unique, and treatment should be decided based on a patient’s individual circumstances, the fracture pattern, and the extent of the soft tissue injury[17]. The patient in this study had simultaneous bilateral FK, a type I fracture as per Blake et al’s and Fraser et al’s classification[1,11]; thus, we decided to use plates and screws for the fixation to reduce the cost of the procedure for the patient, avoid the time involved in changing the patient’s surgical position in the event of pulmonary complications, and avoid any excess radiative exposure for the patient and medical personnel compared with intramedullary nailing.
Although stabilization of femoral or tibial fracture is considered the gold standard during the first 24 h, a staged approach using damage-control orthopedic (DCO) surgery is also recommended according to the patient’s real condition[3]. Patients who sustain major orthopedic trauma, such as FK, must be graded as stable or critical in terms of vital signs, and treatment should follow the evolving DCO approach[3,19]. Life-threatening systemic complications, including head, chest and abdominal injuries with internal bleeding, popliteal artery ruptures, and open fractures, should be treated first, and femoral and tibial fractures should be temporarily immobilized through splinting, skin traction, or external fixation. Immediate definitive internal reduction and fixation are reserved for hemodynamically stable patients[17].
Because FK is a serious long bone fracture accompanied by a combination of other complex bone, ligamentous, and other soft tissue injuries, patients are at high risk of complications[20]. Early complications such as excessive blood loss, superficial and deep wound infection, limb amputation, pneumonia, FES , pulmonary embolism, ARDS and multiple organ failure have been reported. Late complications include joint stiffness, bone malunion, nonunion, chronic osteomyelitis, heterotopic ossification, implant failure, and post-traumatic arthritis[13].
In fat embolism, fat particles enter the circulatory system with vascular occlusion, causing more serious FES. FES is common in patients with long bone fractures. Its incidence is 1%–3% in patients with single long bone fractures and up to 33% in patients with bilateral femoral fractures. The mortality rate is 5%–15%[21,22]. The clinical symptoms of FES usually occur during the first 12–72 h after traumatic injury and include respiratory distress, altered mental status, and skin petechiae[9,23,24]. Pulmonary dysfunction with dyspnea, tachypnea and hypoxemia is the primary symptom, occurring in 75% of cases. Respiratory failure might develop in more than 10% of cases, and 5%–8% of patients might progress to severe ARDS. Approximately 50% of FES patients develop severe hypoxemia and respiratory insufficiency requiring mechanical ventilation[25-27].
The patient in our study had simultaneous bilateral FK with complete femoral, tibial and fibular midshaft fractures in six long bones in both lower limbs; type I fracture in the Blake and McBryde classification. Endotracheal intubation with mechanical ventilation was reapplied because of respiratory insufficiency with dyspnea and hypoxemia 9 h after the initial removal of the endotracheal tube. FES was suspected as the cause. No designated therapy exists for FES; prevention, early diagnosis, and adequate symptomatic treatment are the key responses[26,28]. Rapid supportive treatment of the patient’s respiratory system and additional pharmaceutical treatment provide positive clinical outcomes.
Because this patient experienced severe bilateral FK, the soft tissue of his legs was severely swollen during surgery. To avoid blisters and skin necrosis, we applied a Chinese medicine blood-letting method after the wound was sutured. The skin around the wound was punctured with hundreds of small holes using an 18-gauge needle to allow the accumulated blood in the tissue to flow out, and a drainage tube was inserted to reduce the continued swelling of the soft tissue and prevent compartment syndrome and tissue necrosis[29-31]. After the operation, we administered intravenous antibiotics (1.0 g cefazolin every 8 h for 2 d) and oral antibiotics for the subsequent 3 d. Simultaneously, the wound dressing was changed twice a day for the first 3 d after the operation and then once a day.
The functional outcomes of FK are measured with seven criteria defined by Karlström and Olerud. The Karlström–Olerud criteria include the following: subjective symptoms from thigh or leg; subjective symptoms from knee or ankle joint walking ability return to preinjury work and sports angulation or rotational deformity or both; and shortening and restricted joint mobility of the hip, knee or ankle joint. Scores for each criterion are divided into excellent, good, acceptable and poor[3,32]. Our patient was able to walk independently without external support and was free from bilateral hip, ankle and ankle joints at 4 mo postoperatively. He complained of intermittent mild pain in the left calf, but no pain medication was required. He has returned to most of his preinjury activities, including working 6 mo after surgery. All of his fractures had healed successfully after 13 mo. The patient’s bilateral lower limbs were normal function without shortening, rotation and angulation deformity.

CONCLUSION
[bookmark: OLE_LINK136][bookmark: OLE_LINK137]We presented a highly unusual case of a young adult with bilateral FK resulting from a severe road traffic accident. The incidence of unilateral FK is rare, and that of simultaneous bilateral FK even more so. FK is a devastating injury with life-threatening complications, and it often results from high-energy trauma. Patients might present in a critical condition with multiple severe injuries. Treatment of FK is challenging and following with DCO protocol. An urgent primary assessment and resuscitation followed by suitable and timely definitive treatment comprising systemic soft tissue and fracture considerations reduces the risk of complications.
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Figure Legends
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[bookmark: OLE_LINK147][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100]Figure 1 Initial plain radiographs revealed displaced bilateral femoral, tibial, and fibular midshaft fractures. A and B: Bilateral femoral fractures; C and D: Tibial fracture.
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[bookmark: OLE_LINK148][bookmark: OLE_LINK103][bookmark: OLE_LINK104]Figure 2 The photographs showed that we punctured hundreds of small holes around the closed wound using an 18-gauge needle in the thigh and leg, imitating a Chinese medicine bloodletting method, to allow the accumulated blood in the tissue to flow out to prevent skin necrosis and compartment syndrome. A: Thigh; B: Leg.
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[bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115]Figure 3 Postoperative X-rays illustrated that the patient received open reduction and internal fixation with one locking plate in the left femoral shaft, one broad dynamic compression plate in right femoral shaft, and two narrow dynamic compression plates in bilateral tibial shafts. A: Left femoral shaft; B: Right femoral shaft; C and D: Two narrow dynamic compression plates in bilateral tibial shafts.
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[bookmark: _Hlk109401155][bookmark: OLE_LINK151][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK121]Figure 4 Radiography revealed bone union of bilateral femoral and tibial fracture sites at postoperative 13 mo. A and B: Bone union of bilateral femoral; C and D: Bone union of tibial fracture.
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