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for any proven or suspected knee dislocation. It shows the importance of timely management that conditions the functional prognosis

Background and Objective: Arterial injury secondary to acute knee dislocation (KD) is a rare but devastative complication. The aim of this study is to evaluate functional sequelae and factors of poor prognosis.

Methods:

A retrospective monocentric series of consecutive knee dislocation with acute ischemia by popliteal artery injury was analyzed between 2005 and 2017. Main outcome was amputation rate.

Results: Sixteen dislocations were included. Nine (56%) were secondary to public road accident, 5 (31%) were due to falls from height and 2 (13%) to sports injuries. Dislocation was posterior in 8 (50%) cases. Regarding arterial injury, there were 7 (44%) ruptures, 7

INTRODUCTION

Acute knee dislocations (KD) are uncommon orthopedic injuries, with approximated occurrence of 0.02% to 0.1% of all musculoskeletal injuries [START_REF] Rihn | The acutely dislocated knee: evaluation and management[END_REF]. They usually result from high energy traumas or low energy traumas in overweight patients [START_REF] Peltola | Knee dislocation in overweight patients[END_REF][START_REF] Henrichs | A Review of Knee Dislocations[END_REF]. Associated cutaneous lesions, compartment syndrome, irreducible dislocation and neurovascular injuries are often present and complicate management [START_REF] Moatshe | Demographics and Injuries Associated With Knee Dislocation A Prospective Review of 303 Patients[END_REF].

Popliteal injuries are associated with knee dislocations in 2% to 11% of the cases [START_REF] Rihn | The acutely dislocated knee: evaluation and management[END_REF][START_REF] Moatshe | Demographics and Injuries Associated With Knee Dislocation A Prospective Review of 303 Patients[END_REF][START_REF] Robertson | Dislocation of the knee[END_REF][START_REF] Sillanpää | Incidence of knee dislocation and concomitant vascular injury requiring surgery: A nationwide study[END_REF].

Anatomic location of popliteal artery places it at great risk for damage during KD, since it is tethered firmly around knee joint [START_REF] Kropman | Variations in anatomy of the popliteal artery and its side branches[END_REF].The antero-posterior tibial displacement leads to popliteal artery elongation with intimal tear, dissection and sometimes acute thrombosis [START_REF] Henrichs | A Review of Knee Dislocations[END_REF][START_REF] Kauvar | Vascular Trauma: Extremity[END_REF][START_REF] Witz | Isolated complete popliteal artery rupture associated with knee dislocation. Case reports[END_REF][START_REF] Kirby | Recanalization of an Occluded Popliteal Artery following Posterior Knee Dislocation[END_REF].

Incidence of vascular injury in dislocation vary between 4.8% in low-velocity injuries and 65% in high energy trauma [START_REF] Robertson | Dislocation of the knee[END_REF].

Popliteal artery lesion secondary to KD is a limb-threatening condition [START_REF] Sillanpää | Incidence of knee dislocation and concomitant vascular injury requiring surgery: A nationwide study[END_REF][START_REF] Levy | Editorial comment: Symposium: Management of the dislocated knee[END_REF] which mandates prompt diagnosis and emergency care. Comprehensive treatment involves resuscitation team, orthopedic and vascular surgeons. The aim of the present study was to report outcomes and prognosis factors of popliteal traumatic occlusion after KD in a referral trauma center.

METHODS

Patient selection

Patients presenting with KD associated to arterial injury, who underwent surgical treatment, between January 2005 and May 2017 were included in this retrospective single center study.

KD was defined as complete displacement of tibia with respect to the femur, assessed on radiographs or CT-scan [START_REF] Versier | La luxation du genou[END_REF]. Kennedy KD classification is based on tibia displacement direction [START_REF] Kennedy | Complete Dislocation of the Knee Joint[END_REF] (table I). Body CT-scan was systematically performed in case of severe trauma.

Standard limb radiographies were done for mono traumatism. Suspected KD spontaneously reduced underwent systematic angio-CT-scan. Vascular injury was considered when following clinical findings were present: distal pulse loss, lower limb skin pallor, pain, or distal neurological deficit [START_REF] Weinberg | Can Vascular Injury be Appropriately Assessed With Physical Examination After Knee Dislocation?[END_REF]. In these cases a enhanced CT-scan was systematically performed. Vascular injury was defined by popliteal artery trauma as intimal tear, arterial rupture, and dissection, with or without thrombosis. Abbreviated Injury Scale (AIS), Injury Severity Score (ISS), Revised Trauma Score (RTS) and Trauma Related Injury Severity Score (TRISS) were calculated at patients' arrival.

TRISS score is calculated using updated regression coefficients, AIS and ISS [START_REF] Boyd | Evaluating trauma care: the TRISS method. Trauma Score and the Injury Severity Score[END_REF][START_REF] Raux | Comparison of the Prognostic Significance of Initial Blood Lactate and Base Deficit in Trauma Patients[END_REF]. 

Surgery was performed in

Short term follow-up (day 30)

Early follow-up included length of stay and number of days in intensive care unit. Technical success rate and early complications were reported according to reporting standards of the Ad Hoc committee for Standardized Reporting Practices in Vascular Surgery/International Society for Cardiovascular Surgery. In this reporting, mortality was defined as "early" when it occurred before day 30. Three types of complications were defined (systemic, local nonvascular or vascular and implant-related). Early secondary amputation, orthopedic or vascular revision surgery were recorded (before day 30).

Long term follow-up and patient evolution

Curative anticoagulation was introduced for 6 weeks after surgery when thrombectomy was performed during surgery. Every patient underwent Doppler ultrasound at month 1, 3, 6 and yearly thereafter. Clinical and radiological follow-up were recorded. Vascular and orthopedic complications during follow-up were analyzed: bypass stenosis >60% or thrombosis, knee pain or stiffness, osteoarticular infection or revision surgery (including delayed amputation, osteosynthesis material removal, arthrolysis). Follow-up duration and methods were assessed for each patient. Knee functional outcome was also retrieved: Oxford Knee Score (OKS) [START_REF] Murray | The use of the Oxford hip and knee scores[END_REF] was calculated at last follow-up. Oxford Knee Score (OKS) is a Patient Reported Outcome questionnaire with twelve questions. It covers function and pain associated with the knee. This questionnaire is short, practical, reliable, valid and sensitive to clinically important changes over time.

Statistical analysis

Continuous variables were presented median (extreme values) according to the low sample size. Data were compared using non-parametric Mann-Whitney test. Categorical variables were presented as percentage and compared using Fisher-exact test. P-value <0.05 was considered statistically significant. Risk factors for amputation have been investigated sought (tobacco, diabetes, obesity, dislocation type, popliteal injury type). Non-parametric Wilcoxon-Mann Whitney test was used to compare pre and post-trauma OKS. Data were anonymously recorded in Excel 2016 (Microsoft, Richmond, WA, USA). Statistical analysis was performed with SPSS Advanced Statistics 20.0 software (IBM, Armonk, NY, USA).

RESULTS

Descriptive data

Among 141 KD handled in our trauma center during the study period, 16 (11%) were associated with vascular injuries in fifteen patients (69% of men). Mean age was 40.8 years (16-61 years).

Clinical, demographics and traumatism data are shown in table II and III. Median TRISS score was 1.4 % (1-48.8%).

According to the Kennedy classification (13), dislocation was posterior (type A) in 8 cases (50%), anterior (type B) in 4 cases (25%) (Figure 1a, 1b) and lateral (type C) in 4 cases (25%). There were 2 (13%) cases of associated multidirectional rotational instability. Fracture was associated in 7 cases (44%), with 1 floating knee (6%) (flail knee joint resulting from fractures of the shafts or adjacent metaphysis of the femur and ipsilateral tibia ( 18)).

The diagnosis of popliteal artery lesion was based on the presence of symptoms of ischemia in eleven cases and on systematic imaging in five cases.

Eleven (69%) KD with vascular trauma were associated with signs of acute ischemia: 8 (50%) had sensory-motor loss and 3 (19%) had an isolated sensitivity loss. For the 5 others KD, vascular injury was suspected on: 4 (25%) suggestive mechanism of trauma (2 anterior trauma during sport, one during a public road accident and one fall in an obese patient), 1 (6%) temperature asymmetry between the 2 limbs.

Pre-operative imaging and intraoperative findings revealed 2 popliteal occlusion, 7 ruptures with 3 occlusions and 7 dissections with 3 occlusions patent artery. Among the 8 patients with sensory-motor loss, popliteal lesion was 2 occlusions, 3 dissections and 3 ruptures. The dissections and ruptures were associated with arterial occlusion, the 8 occlusions of the serie. Four patients had in addition an associated nerve injury and 3 associated popliteal vein injury.

Median time-to-surgery (time between trauma and vascular repair) was 7 hours (3,25 -60,92 hours); time-to-surgery was 8,75 hours (3,25 -60,92 hours) for patients who presented signs of acute ischemia. One patient came to the emergency department 3 days after the trauma. his patient obese fell from her height and came late to the emergency in front of signs of ischemia. All patients underwent immediate surgical repair. Thirteen patients (81%) had primary revascularization, one of them in two stages, after a temporary shunt was inserted and 3 (19%) had orthopedic reduction and stabilization first.

Operative characteristics are summarized in table IV. Surgical repair included either venous bypasses in 14 cases (87%), resection with direct anastomosis in 1 case (6%) and isolated thrombectomy in 1 case (6%). Mechanical thrombectomy of at least one leg artery was associated in 11 cases (69%). For the patients who had severe ischemia, five had primary revascularization, one had a vascular shunt first, and 2 had orthopedic reduction and stabilization first. A post-operative fasciotomy was performed in all these cases (7 were immediate and1 was delayed). Pathways were anatomical excepted for one due to significant tissue decay.

Control arteriography (12 cases -75%) or Doppler ultrasound (4 cases -25%) assessed immediate revascularization patency in all cases. One patient (6%) had a femoral vein bypass with saphenous vein to treat a venous rupture. Two popliteal venous thrombosis were identified and treated by anticoagulation. Four patients (25%) were obese according to the Body Mass Index classification (BMI >30) and suffered a KD while falling from their height. Dislocation was anterior in 2 cases (13%), posterior in 1 case (6%) and rotational in 1 case (6%). There were 3 irreducible KD with popliteal rupture and 1 spontaneously reduced KD with thrombosis that presented to the ER 3 days after the trauma with irreversible limb ischemia.

Orthopedic treatment mainly comported temporary stabilization with external fixator in 13 cases (81 %). There was 1 open reduction and internal fixation (ORIF) (6%), 1 long-leg cast (6%) and 1 ligamentoplasty (6%).

Short term follow-up (day 30)

Median length of stay was 36 (6-87) days, with median 1 (0-18) days in intensive care unit.

No patient died for the first 30 postoperative days. Three (19%) patients required transfemoral amputation within 30 days: for sepsis from muscle gangrene. They all first presented ischemia with sensory-motor loss. For one patient, time to surgery was very long (>60 hours); for the other 2 patients, time to surgery was <9hours. One of these patients experienced an isolated thrombectomy first and was secondary treated with an above to below the knee bypass for short term thrombosis ( day 2).

One (6%) patient presented a short term thrombosis (day 1). Twelve (75%) patients had systematic associated fasciotomy and one patient required a secondary fasciotomy for post operative compartment syndrome.

Postoperative period data are summarized in table V. All patients underwent Doppler ultrasound in the month following surgery.

Delayed follow-up superior to 30 days and clinical outcomes

Median follow-up was 23 months . All bypasses remained patent during follow-up.

Survival rate was 100% at the end of the follow-up. No more amputation was noted. Patency rate was 100% during follow-up.

Patients were contacted, regarding the Oxford Knee Score (OKS), 2 (13%) were not evaluated and had only a vascular follow-up. Mean pre-trauma OKS was 45.7 ± 3.2 (39-48), median 47 and last OKS 27.4 ± 11.9 (6-40), median 30, (p=0.00028).

DISCUSSION

Functional outcomes

KD associated with vascular injury is a rare and serious condition responsible for a poor functional prognosis. Presence of arterial or nerve injury associated with traumatic KD is significantly correlated with poor outcome, high rate of limb loss, functional disability, mortality and associated to a lower range of motion.

Fanelli et al reported sequelae after a long follow-up for patients with severe knee dislocation requiring surgical repair. They concluded that stability was restored but arthritis was frequent (23%). In our series 5 (33%) patients had an OKS <29 that indicates severe knee disability.

Association of osteoarticular trauma and ischemic lesions worsens functional prognosis. Thus 50% of patients who had a KD with vascular injury had severe functional sequelae due to osteoarticular lesions.

A fight for limb salvage through an efficient multidisciplinary approach

Literature data tend to show that, in case of associated acute ischemia, amputation rate vary in proportion with ischemic time [START_REF] Lustig | Dislocations of the knee, complex knee ligament injury, what care?[END_REF]. Inadequate initial assessment and delay of vascular repair lead to an increased amputation rate, up to 60-80% [START_REF] Witz | Isolated complete popliteal artery rupture associated with knee dislocation. Case reports[END_REF]. Urgent above-knee amputation is also performed when patients become febrile septic [START_REF] Pourzand | Management of high-risk popliteal vascular blunt trauma: Clinical experience with 62 cases[END_REF]. Bonnevialle et al. [START_REF] Bonnevialle | Traumatismes des genoux associés à une rupture de l'artère poplitée -54 cas[END_REF] reported 9 amputations in their multicentric cohort of 54 knee trauma with popliteal artery injury (16,6%). Mean ischemic time seemed to be higher in the amputation group (9,6 hours vs 8,8 hours). We did not find a statistically significant injury-related element with a high risk of amputation but very long time to surgery (>60 hours) is probably the major factor for one patient. For the other 2 patients who underwent amputation, time to surgery was <9hours. On the other hand, they presented with severe ischemic clinical condition with signs of sensory and motor loss. Secondary necrosis of muscular compartments required amputation. Severity of initial clinical signs should lead to urgent revascularization. That means that despite a prompt revascularization in these young people, in the absence of any collateral network, ischemia can be extremely severe and irreversible. That is why it is very important to diagnose vascular trauma associated to KD.

Sensitive or motor deficit observed at arrival must be correlated with presence or absence of concomitant pulse by medical team. In case of suspicion, a CT-scan imaging must not be delayed. Doppler ultrasound easily controls popliteal artery and search a venous thrombosis provider of pulmonary embolism.

Unfortunately, no risk nor prognosis factor associated with limb amputation was statically highlighted in this study. It might be related to the small number of patients. Severity of the clinical symptoms with presence of a sensory motor loss seems to be the most pejorative element for the limb prognosis. A primary amputation can be discussed in front of those symptoms. Young age and context of trauma make this decision extremely difficult even in case of high TRISS score.

Since this is the largest monocentric series in medical literature to our knowledge, we believe that an optimized and standardized care of such patients, led to a shortened time-to-surgery and a reduced amputation rate. As an immediate care might be associated with lower amputation rates, a future multicentric cohort could identify the maximal acceptable delay before surgical care.

Technical points

Endovascular repair with implantation of a covered stent is not recommended due to the flexibility and bending that occurs at the knee joint [START_REF] Rastan | Stent placement versus balloon angioplasty for the treatment of obstructive lesions of the popliteal artery: a prospective, multicenter, randomized trial[END_REF]. Venous bypass is our gold standard for below knee revascularization mostly in case of trauma, vascular rupture or dissection.

The need for angiography in traumatic knee dislocation remains controversial; some recommend it in all cases of complete dislocation of the knee, and others use it only when there is a clinical doubt of artery injury [START_REF] Maitrias | Superficial femoral artery transposition repair for traumatic popliteal rupture[END_REF], or when specific site of injury is in doubt [START_REF] Yahya | Popliteal artery injury: Royal Perth experience and literature review[END_REF]. In our series as in our clinical practice, all acknowledged knee dislocations, suspected spontaneously reduced one and polytrauma patients underwent systematic angio-CT-scan.

When surgically repaired, completion arteriography, fasciotomy, and knee stabilization are important adjuncts to revascularization [START_REF] Kirby | Recanalization of an Occluded Popliteal Artery following Posterior Knee Dislocation[END_REF]. The patient who had a thrombectomy first may have an intimal tear that was not found during per-operative control angiography as it is challenging to assess.

Use of temporary vascular shunts is indicated when arterial injury is associated with extensive wounds with major loss of soft tissues and contamination [START_REF] Hornez | Temporary vascular shunt for damage control of extremity vascular injury: A toolbox for trauma surgeons[END_REF]. Temporary intravascular shunts allow rapid arterial flow restoration, avoidance of ligation, assessment of distal perfusion, and knee stabilization before definitive vascular reconstruction. There is no consensus on knee dislocations management with arterial involvement. Hossny et al. [START_REF] Hossny | Blunt popliteal artery injury with complete lower limb ischemia: is routine use of temporary intraluminal arterial shunt justified?[END_REF] demonstrated that temporary arterial shunting after blunt lower limb trauma significantly reduced total ischemic time, complications, repeat operations, amputation, and hospitalization. Xu and al. [START_REF] Xu | Early diagnosis and treatment of trauma in knee joints accompanied with popliteal vascular injury[END_REF] proposed to first perform orthopedic reduction and stabilization when limb ischemia was short (1 hour). Revascularization had to be done first when ischemia time was longer than 1 hour with a relatively stable knee. We think strategy is more complex and has to be adapted to ischemic clinical signs and knee instability. As a bypass can be compromised when a very unstable member is mobilized, temporary vascular shunts can be primarily done if ischemic signs are severe. A shunt can be used first to allow treatment of other trauma and vital lesion like usually done in damage control surgery. It was used first in one case in this series. Revascularization first was preferred to avoid complication of shunt setting up in case of severe ischemia. Three patients had knee stabilization first in front of knee instability and only distal sensibility loss. Presence of neurological deficit, whether systematized or not, must evoke severe ischemia and must make discuss of revascularization gesture first. Contralateral vein is usually used in case of vascular trauma. Ipsilateral saphenous vein can be used if deep veins remained patent and not affected especially in front of blunt trauma. It can be objectified on late phase CT scan.

Obesity

Mechanism of injury for a morbidly obese patient can be as simple as ambulating or rising from a seated position (ultralow-velocity trauma) like the 4 patients who had a BMI >30 in our series.

Morbid obesity is a risk factor for both anterior (n=2) and posterior (n=1) dislocations due to the tremendous stresses placed on the stabilizing muscles and joints during movement [START_REF] Folt | Low-velocity knee dislocation in the morbidly obese[END_REF] and the suspicion for occult knee dislocation should be heightened in any obese patient with knee pain after minor trauma [START_REF] Georgiadis | Changing presentation of knee dislocation and vascular injury from high-energy trauma to lowenergy falls in the morbidly obese[END_REF].

Three patients presented severe neurological loss with one external popliteal sciatic nerve injury. Azar et al. [START_REF] Azar | Ultra-low-velocity knee dislocations[END_REF] have shown that nerve injury, associated fracture or vascular injury are significantly increased in patients with a higher BMI. They reported a significant association between BMI and combined vascular and nerve injury in their series of 17 knee dislocations in obese patients. This higher rate of neurovascular injury can be explained by the relevant anatomy of the knee joint in combination with the mechanism of injury. Ultralow-velocity knee dislocations most commonly result in an anterior dislocation, with hyperextension mechanism. This type of dislocation leads to the rupture of the posterior capsule and tethering of the contents of the popliteal fossa, including popliteal artery. Although low-velocity, these injuries are actually high energy due to the high mass of the injured patients and neurovascular associated complications should be thoroughly sought [START_REF] Carr | Knee Dislocation in the Morbidly Obese Patient[END_REF]. Diagnosis may be difficult; clinical examination may be difficult especially in those patients. Vascular imaging has to be performed on case of trauma with suggestive mechanism.

Limits

The most important limitation of this study is based on clinical challenge in KD diagnosis [START_REF] Weinberg | Can Vascular Injury be Appropriately Assessed With Physical Examination After Knee Dislocation?[END_REF][START_REF] Bonnevialle | Traumatismes des genoux associés à une rupture de l'artère poplitée -54 cas[END_REF][START_REF] Xu | Early diagnosis and treatment of trauma in knee joints accompanied with popliteal vascular injury[END_REF]. It is always possible that, after spontaneous reduction, severity of ligamentous injuries may be underestimated and KD can thus be misdiagnosed as an isolated cruciate ligament injury or a knee sprain [START_REF] Peltola | Knee dislocation in overweight patients[END_REF][START_REF] Georgiadis | Changing presentation of knee dislocation and vascular injury from high-energy trauma to lowenergy falls in the morbidly obese[END_REF][START_REF] Washer | Knee dislocation: initial assessment and implications for treatment[END_REF]. Therefore, some patients may have been treated for isolated popliteal artery injury without initial assessment of the dislocation. In addition, it is possible that a proportion of ligament reconstructive surgery performed after acute phase were missed [START_REF] Sillanpää | Incidence of knee dislocation and concomitant vascular injury requiring surgery: A nationwide study[END_REF]. In contrast, all acute surgeries performed during the first hospitalization period, such as amputations and acute vascular surgery, were accurately recorded. Another limitation is that we were not able to assess less severe and non-surgical vascular injuries from our database.

Choice of the OKS functional score can be discussed. It was designed specifically for the assessment of joint replacement but has also been used for evaluating other interventions (pharmacological treatment, after conservative surgery or after fractures). Although it has not been validated for these uses, authors have assessed its high reproducibility and accuracy for such cases [START_REF] Murray | The use of the Oxford hip and knee scores[END_REF].

The small number of cases (n=16) reflects rarity and makes it difficult to draw significant conclusions but data retrieved from this series reflect figures from larger multicentric cohorts (incidence rate, sex ratio).

CONCLUSION

Vascular injury in KD is rare and sometimes difficult to diagnose. This must be sought systematically even in low-velocity trauma considering serious disabling functional consequences. Clinical examination is associated with imaging examination, at least Doppler ultrasound post reduction or CT if in doubt. This study shows poor functional outcomes due to gravity of vascular lesion in orthopedic trauma patient with healthy arteries. Collaboration between different surgery teams and resuscitation is the key element for a better efficiency.

Future large-scale and prospective studies should analyze factors that may predispose to vascular injuries and limb amputation after knee dislocation. • None

• Tibia

• Femur

• Fibula

• Floating knee 

  a single referral center. Orthopedic and vascular management outcomes were analyzed. Demographic characteristics, cardiovascular risk factors as well as initial clinical presentation and preoperative workups were recorded. Orthopedic dislocation characteristics, arterial lesion, outflow, intraoperative data and postoperative course data were intentionally sought. Potential risk factors and prognostic factors for early and delayed amputation were analyzed. Local ethical committee board approved the study. Surgical approach Closed knee reduction was performed and post reduction stabilization was obtained either by conservative treatment if the joint felt stable or by surgical treatment if needed (external fixation, open reduction internal fixation). Resection with direct anastomosis was performed in case of short lesion. A venous bypass was used in case of long arterial occlusion after systemic heparinization (50UI/kg). Popliteal artery downstream of proximal anastomosis and upstream of distal anastomosis was ligated in case of rupture. Intraoperative angiography or Doppler ultrasound ascertained bypass patency and absence of distal emboli. Intraoperative fluoroscopy was used to assess knee reduction, post reduction testing and accurate placement of pins.
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Table I .

 I Knee dislocation classification[START_REF] Kennedy | Complete Dislocation of the Knee Joint[END_REF] 

	Kennedy classification based on direction of displacement of the tibia
	Anterior	Arterial injury is generally an intimal tear due to traction
	Posterior	Highest rate of vascular injury (25%) with complete tear of popliteal artery
	Medial	
	Lateral	Highest rate of peroneal nerve injury
	Rotational	Most commonly posterolateral dislocation. Usually irreductible.

Table II .

 II Demographics; cardiovascular risk factors and clinical characteristics 362

	366	Table III. Traumatism data Variable	n	%
		Variable Associated fracture	n	%
		Total	16	
		Age (yr): mean ± SD (max-min)	40.8 ± 14.7 (16-61)	
		Sex		
		• Men	11	
		• Women	5	
		Hypertension	4	
		Diabetes	1	6
		Dyslipidemia	2	
		BMI: mean ± SD (min-max)	29,43 ± 11,17 (20,45-62,5)	
		Smoker	5	
		Coronary artery disease	0	
		Cerebrovascular event	0	
		Orthopedic history	0	
	363			
	364