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Introduction

Pelvic ring fracture occurs mainly in contexts of multiple trauma and shows high morbidity and mortality, with overall mortality at 3-30% [START_REF] Gaensslen | Epidemiology of pelvic ring injuries[END_REF][START_REF] Ruatti | Which pelvic ring fractures are potentially lethal?[END_REF]. Vertically unstable fracture (Tile C) shows higher rates of complications [START_REF] Ruatti | Which pelvic ring fractures are potentially lethal?[END_REF][START_REF] Tornetta P 3rd | Outcome of operatively treated unstable posterior pelvic ring disruptions[END_REF][START_REF] Tile | Classification of pelvic fracture[END_REF].

Although biomechanical studies have compared fixation techniques in unstable sacral fracture, there is no consensus on treatment [START_REF] Albert | Posterior pelvic fixation using a transiliac 4.5-mm reconstruction plate: a clinical and biomechanical study[END_REF][START_REF] Ilharreborde | Pelvic ring fractures internal fixation: iliosacral screws versus sacroiliac hinge fixation[END_REF][START_REF] Yinger | Biomechanical comparison of posterior pelvic ring fixation[END_REF]. Displacement reduction by primary anterior fixation has been described, while some authors reported isolated posterior fixation by posterior transiliac plating [START_REF] Suzuki | Outcome and complications of posterior transiliac plating for vertically unstable sacral fractures[END_REF][START_REF] Ayoub | Standalone percutaneous transiliac plating of vertically unstable sacral fractures: outcomes, complications, and recommendations[END_REF][START_REF] Dolati | Stabilization of the posterior pelvic ring with a slide-insertion plate[END_REF][START_REF] Krappinger | Minimally invasive transiliac plate osteosynthesis for type C injuries of the pelvic ring: a clinical and radiological follow-up[END_REF][START_REF] Kobbe | Minimally invasive stabilisation of posterior pelvic-ring instabilities with a transiliac locked compression plate[END_REF].

The aim of the present technical note is to describe the posterior transiliac plating method, its pros and cons and complications. Clinical and radiological results are reported for a series of 10 vertically unstable pelvic fractures.

Description of technique

Between January 2007 and December 2017, 10 patients were treated for vertically unstable pelvic fracture by posterior transiliac plating. Table 1 shows epidemiological data. In case of anterior arch displacement (symphyseal fracture), the anterior arch was first fixed by symphyseal plate or external fixation (Table 1). Posterior fixation used a posterior approach under general anesthesia and curarization with the patient in ventral decubitus on a radiotransparent table with supports for the anterior iliac crests and trunk, under pelvic inlet and outlet fluoroscopic control.

The approach comprises 2 vertical incisions at the posterosuperior iliac spin, for about 6 cm along the lateral side of the sacrum. The incisions need to be able to be extended toward the lumbar spine in case of difficulties or complications (figure 1). The gluteal muscles are released from the posterior iliac crest and lateral sacral crest. There is a risk of bleeding if exposure is too lateral, due to superior gluteal artery lesion; hemostasis can be achieved by tamponade. Exposure of the summit of the greater sciatic notch gives access to the distal part of the sacroiliac joint, enabling digital palpation of the anterior side. The fracture is then reduced by direct maneuvers. Reduction of the vertical displacement, which can be achieved by distraction using a monoblock external fixator, is to be distinguished from reduction of anteroposterior displacement, achieved by plate. Fixation uses a 4.5 Locking Compression Plate (Johnson & Johnson Medical, Switzerland) with length adapted to morphology. The plate is first twisted at the 3rd hole on the lesion side to an angle of about 60°. Two holes have to be left on either side on the hip bones. A 12-hole plate is usually sufficient (in the present series, 10 to 18 holes). To minimize discomfort caused by the hardware, 2 mortises are created in the hip bone under the posterosuperior iliac spines to hold the plate bridging the sacrum. The plate, twisted on only one side, is slid under the sacrolumbar muscles to the other incision (figure 2). It is then pivoted on its long axis to twist the other side. The corners are inserted in the mortises. Two posteroanterior 4.5 bicortical screws are inserted in the corners of the plate to position it. The healthy side (or better reduced side in case of bilateral lesion) is then fixed by 1 or 2 screws. Finally, the fractured (or less reduced) side is fixed by two 4.5 cortical screws into the hip bone, without crossing the sacroiliac joint, one screw following an iliosacral direction under fluoroscopic control. Gradual alternating screwing in the 2 most lateral holes achieves reduction onto the plate (figure 3).

Drainage in both incisions is essential, to minimize risk of postoperative hematoma and avoid Morel-Lavallée syndrome. Reverse sutures between the subcutaneous tissue and muscle fascia cover the approach.

Postoperatively, resumption of weight-bearing and seated posture is authorized once the anterior and posterior lesions have been fixed. Otherwise, a 45° maximum semi-seated position with weight-bearing postponed for 45 days is imposed, with nursing care in alternating lateral decubitus to protect the scar. Demographic data, fracture type according to Tile and Denis, operative data (operative time, blood loss) and complications were collected [START_REF] Tile | Classification of pelvic fracture[END_REF][START_REF] Denis | Sacral fractures: an important problem. Retrospective analysis of 236 cases[END_REF]. Patients were followed up clinically and radiologically at 45 days, 3 months, 6 months and 1 year. Systematic postoperative radiologic examination assessed reduction according to Tornetta and Matta, and CT at 6 months assessed bone consolidation [START_REF] Tornetta P 3rd | Outcome of operatively treated unstable posterior pelvic ring disruptions[END_REF]. Functional results were assessed on Majeed and Hannover scores at last telephone follow-up [START_REF] Majeed | Grading the outcome of pelvic fractures[END_REF][START_REF] Pohlemann | Outcome after pelvic ring injuries[END_REF]. Statistical analysis used StatView 5.5 software (SAS Institute, Cary, NC, USA). Table 2 shows clinical and radiological results; there was an apparent association between both time to surgery and degree of initial posterior displacement on the one hand and reduction of posterior displacement on the other, but the association was not in fact significant (p>0.05) (figure 4).

Results

Mean

Discussion

Posterior iliac plate fixation is biomechanically stable, with systematic consolidation in our experience [START_REF] Albert | Posterior pelvic fixation using a transiliac 4.5-mm reconstruction plate: a clinical and biomechanical study[END_REF]. Eight out of 10 of the present patients had good or excellent results.

The main dangers concern the posterior approach: notably, sepsis in patients with multiple trauma (3 cases in the present series: 30%). This early sepsis required surgical lavage and adapted antibiotic therapy, enabling clinical cure without hardware removal in all cases.

These complications were due to multiple trauma with patients admitted to intensive care, for whom nursing care is complicated due to associated limb lesions. They were comparable to those reported elsewhere, especially as regards discomfort caused by hardware [START_REF] Suzuki | Outcome and complications of posterior transiliac plating for vertically unstable sacral fractures[END_REF][START_REF] Ayoub | Standalone percutaneous transiliac plating of vertically unstable sacral fractures: outcomes, complications, and recommendations[END_REF][START_REF] Dolati | Stabilization of the posterior pelvic ring with a slide-insertion plate[END_REF][START_REF] Krappinger | Minimally invasive transiliac plate osteosynthesis for type C injuries of the pelvic ring: a clinical and radiological follow-up[END_REF][START_REF] Kobbe | Minimally invasive stabilisation of posterior pelvic-ring instabilities with a transiliac locked compression plate[END_REF].

Hardware needs to be removed in these cases of discomfort. In our experience, hardware removal always provides lasting relief.

In case of neurologic lesion, reduction should using plating, notably by fracture decompression [START_REF] Ayoub | Standalone percutaneous transiliac plating of vertically unstable sacral fractures: outcomes, complications, and recommendations[END_REF][START_REF] Dolati | Stabilization of the posterior pelvic ring with a slide-insertion plate[END_REF][START_REF] Krappinger | Minimally invasive transiliac plate osteosynthesis for type C injuries of the pelvic ring: a clinical and radiological follow-up[END_REF]. Three of the present patients with preoperative neurologic lesions showed partial recovery at last follow-up. Such lesions may result from stretching of the lumbosacral trunk, or from foramen compression in lateral compression fracture [START_REF] Tornetta P 3rd | Outcome of operatively treated unstable posterior pelvic ring disruptions[END_REF][START_REF] Tile | Classification of pelvic fracture[END_REF]. There were no iatrogenic lesions in the present series, testifying to the relative safety of the fixation technique.

Given the rate of complications, we reserve this technique to cases in which an anterior approach and/or percutaneous fixation are not feasible. Apart from vertical instability, where isolated percutaneous iliosacral fixation is insufficient, lumbosacral dysplasia is frequent and the S1 corridor does not always allow percutaneous screwing [START_REF] Goetzen | A simple approach for the preoperative assessment of sacral morphology for percutaneous SI screw fixation[END_REF][START_REF] Tile | Classification of pelvic fracture[END_REF].

In case of severe displacement, we fix the anterior lesion first; depending on the reduction achieved, notably in terms of mediolateral disimpaction and vertical reduction, posterior reduction is then performed by sacroiliac screwing or transiliac plating. Reducibility seems to depend on the interval between trauma and surgery and on the degree of initial posterior displacement, although the present small series lacked power to demonstrate this.

The advantages of this technique lie in its relative simplicity and biomechanical stability; the drawbacks are the need for positioning in ventral decubitus, which is not always feasible in multiple trauma. Moreover, this technique is contraindicated in case of skin lesions or Morel-Lavallée syndrome [START_REF] Dolati | Stabilization of the posterior pelvic ring with a slide-insertion plate[END_REF].

Conclusion

Posterior transiliac plating provides immediately effective fixation of vertically unstable pelvic fracture. Early treatment seems to improve reduction of the posterior displacement.

The risks of postoperative sepsis and discomfort related to hardware need to be known, to provide adequate patient information. 

Legends

  operative time was 123 ± 43 min (range, 60-180), and mean blood loss 440 ± 227 ml (200-800). Mean vertical posterior displacement was 8 ± 5.8 mm (2-16) preoperatively, and 5.6 ± 5.8 mm (0-14) postoperatively. Bone consolidation was obtained by 6 months in all cases. Reduction was good or excellent in 7 cases (70%). Mean Majeed score was 71.8 ± 17 (45-99). Clinical results were good or excellent in 8 patients (80%) on Hannover and Majeed scores. There were 7 complications: 4 cases of hardware removal for discomfort, and 3 of sepsis requiring surgical lavage. Preoperatively, 3 patients showed lumbosacral trunk neurologic deficit, partially resolved by last follow-up.
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 12 Figure 1: Incision
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 3 Figure 3: AO/OTA C1 fracture in a 43 year-old male following a 5-meter fall (climbing
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 4 Figure 4: Reduction of posterior displacement according to time to surgery.

  

  

Table 1 :

 1 Patient data

	Variable	Traumatology (n=10)
	gender	
	Male	5
	Female	5
	Age (years)	43.9 ± 20.2
	Trauma mechanism	
	high energy	10
	low energy	0
	ISS score	28.5 ± 10.3
	Associated lesions	
	Non-displaced anterior arch	5
	Displaced anterior arch	5
	Spinal fracture	1
	Upper-limb fracture	2
	Lower-limb fracture	4
	Morel-Lavallée	0
	Urogenital	1
	Abdominal	2
	Thoracic	3
	Craniofacial	1
	Tile classification [4]	
	C1	8
	C2	0
	C3	2
	Denis classification [13]	
	Denis 1	2
	Denis 2	6
	Denis 3	1
	Preoperative neurologic deficit	3
	L5	2
	S1	1
	L5 + S1	0
	Trauma-to-surgery time (days)	13.2 ±10.7

Table 2 :

 2 1-year clinical and radiological results

	Variables	Traumatology (n=10)
	Operative tilme (min)	123 ± 43.5
	Blood loss (ml)	440 ± 227
	Plate length (holes)	12 ± 2
	Complementary fixation	
	Iliosacral screwing	5
	Anterior plate	3
	External fixator	2
	Preop posterior displacement (mm)	8 ±5.8
	0-5 mm	5
	6-10 mm	1
	> 10mm	4
	Postop posterior displacement (mm)	5.6 ± 5.8
	Reduction quality according to Tornetta	
	et al.	
	excellent (<5mm)	6
	good (5-10mm)	1
	moderate (10-20mm)	3
	poor (>20mm)	0
	Complications	
	Discomfort (hardware removal)	4
	Sepsis (surgical lavage)	3
	Majeed score [14]	71.8 ± 17
	Excellent	3
	Good	5
	Moderate	1
	Poor	1
	Hannover score [15]	
	Excellent	3
	Good	5
	Moderate	2
	Poor	0
	Neurologic recovery	
	Complete	0
	Partial	3
	Consolidation at last FU	10

of posterior displacement according to time to surgery
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