1-Odontoid fracture treated by cement-augmented direct anterior screw ostheosynthesis in elderly patients
2-nothing to disclose
3-Introduction
Odontoid fracture is relatively rare at young ages whereas 95% of type II dental fractures are in geriatric patients.
 In patients over 60 years of age, C2 dental fracture is the most common cervical spine fracture and in patients over 80 years of age it is the most common fracture in the spine in general.
Due to osteoporosis of skeleton, it is caused by low energy trauma: mostly simple fall with blow to the head, forehead (flexion/extension)
4-Introduction
There are still no generally accepted guidelines for treatment. The conservative therapy as much as surgery is possible option and there are different ways for surgical treatment. Direct anterior osteosynthesis is accepted as the method of choice for dens fractures, especially in type II. However, it has its pitfalls, especially in patients with osteoporosis, where failure/loosening of screw is most often at the anterior edge of the C2 body.
5-Introduction
Augmentation of the base of C2 body significantly reduces the risk of failure by cutting the screw through the anterior edge of C2.
It was first described by Schollz and Schnake in 2011 and introduced on our department since 2012 by Řehoušek 
Relatively small amount of bone cement is sufficient to achieve pre-injury stiffness
6-Group of patients 2012-2021(10years)
In this time, we performed direct OS for the dens fracture  in  91 cases and  the C2 augmentation was performed in 37 patients-it means in 40% 
This is the 10 years, retrospective analysis
From 37 patinet  3 was excluded: 1x meta-process, 1x high-energy injury, 1x augmentation attempt) , so we have 34 patients. 23 (68%) of them are women and 11 (32%) men, the women to men ratio is 2:1. The mean age in time of surgery was  81.7 years (N=34) in comparison , the  age of non-augmented  patients with direct OS was 63.6 years (N=54), The overage  age of women was 81.2 years , the age of men: 82.9 years, the mean follow-up time 2.7 years (N=34, 100%)- for women: 2.5 years  and for men 3.2 years, The mean follow-up time for those alive was 3.1 years (N=25, 73%), ewomen: 2.7 years and  men: 3.3 years
7- Methods, analysis
      We analyse the  group of patients -etiology of injury and type of injury on X-ray, CT/MRI, the age, gender, VAS of CC transition pain before and after surgery and the comorbidities by ASA score
We assess the primary procedure - length of surgery, length and number of screws, course of surgery
and the complications - perioperative (cement leakage, fixation failure, repositioning), early postoperative and late postoperative (comorbidities, surgery failure, reoperation)
Our radiology follow up:  we performed CT postoperatively, then X-ray in 1M,3M, 1Y, we  assess the fusion on CT in 3M/6M/1R or last follow-up for, and we performed  functional images to evaluate the stability of fracture
We performed statistical evaluation: Student's two-sample t-test and χ2 -test at a significance level set at 0,05.
8-The exaple of case-female 82, simple fall, dnes fr. C2, type II, with angulation of dnes more than 11degree sec Muller
9-We introduced the K wire and canulated screw from the base of C2 to the top of dens under X ray control, than we inserted 2 canylas to the base of C2on the both sides of the screw.
10- The filling canylas are open to the side, which allows to influence the flow of cement at the base of C2 all around the screw. In the starting cases, we had the canylas open on the top, so the direction of flow of cement was not able to determine and we had a lot of cement leakage outside of C2 body.
11- The CT control day after surgery-corect possition of screw with augmantation of base of C2, no leakage of cement
12- The CT and X rays control 6 month after surgery-the fracture is healed.
13-Results
 In overage, we operated 5.5 days from injury (N=34),in this interval, there are acount 2 surgeries after failure of conservative therapy (1x 81 days, 1x 30 days), so primary procedure interval was 2.4 days, median 2 days
The overage  length of surgery was 88 min (1 screw 88min, 2 screws 84min).In comparison the lenght of surgery in non-augmented direct screw OS  was 104min. Total 41 screws were inserted, 2 screws in 7 patients, median length of screw was 41mm,in women 40mm ,in men 44mm (p<0.05)
14-Results -radiology
In 33 patients (97%; N=34) there was type II fracture, in one case  type III fracture (1%; N=34)
Isolated fr. of C2 24x (71%; N=34), complex C1-C2 fr. 10x (29%; N=34) but without effect on fusion.
We obtain radiological data in 29 patients (85%) minal 6 month after surgery-there were 4 early death and 1lost to follow up
We found 20 fusions (69%; N=29), 7x stable pseudoarthrosis (type I and II) (24.1%; N=29),in  2 cases , there where loosening and failure of osteosynthesis (type III and IV) (7%; N=29) /Blauth et al. 1999/
It means, we found stable situation in 27 cases (93%; N=29)
15-Results-Clinical
The ASA score median was 3 (3x ASA 4, 25x ASA 3, 6x ASA 2) 
There was 1 quadruparesis (3%; N=34) AISA D, on MRI myelopathy behind C2 and 1 lesion of plexus brachialis median type 
In 10x , there was associated injury (29%; N=34)
 On follow-ups no major reported pain after surgery-overage VAS decreased from 6.9 to 2 (p<0.05)
At 6 months after surgery, 26 (90%; N=29) living patients returned to original activities 
,in 1x (3%; N=29) tehere was reduction for quadriparesis and in 1x (3%; N=29) there was paresis for plexus brachialis injury, in 1 case (3%; N=29) CC transition pain
16-Complications-perioperative
There was 1x screw insertion correction (3%; N=34)
The cement leakage was in 16 patients (47%; N=34)
 -minimal leakage in 10 cases (29%; N=34)(always asymptomatic (at the level of C2-C3 disc, below m. longus colli)
-more severe type of leakage in 6 cases (17%; N=34)
      -2x (6%) spinal canal - asymptomatic, 
      -1x (3%)in fracture line - asymptomatic → stable pseudoarthrosis
      -1x (3%)  in the foramen of vertebral artery - asymptomatic
      -2x (6%) iv articulation C1-C2 -1x (3%) symptomatic - limitations and pain during rotations VAS 3-4/10
   Cement leakage in two screws was in 6/7 (86%), if only one screw was inserted in 10/27 (37%) (p<0.05)
17-exaples of cement leakage
       Red frame-leakage into the spinal canal
       Blue frame-leakage into vertebral artery foramen
       Green frame-leakage into C1-2 intervertebral articulation
18- another exaples of cement leakage
         Red frame-leakage into the fracture line
         Blue frame- leakage  under longus colli muscle
19-complications-early postoperative-until 30 days after surgery
 There were 3x early deaths (8.8%; N=34)
        -Mean age 84 years (69, 91, 92 years)
        -10, 11 and 28 days after surgery 
         -in all 3 cases there was pneumonia and ARDS 
The Infection of urinary tract was in  5cases (14.7%; N=34)
 Pulmonary embolism 1x- anticoagulation (3%; N=34)
In 1 case arteficial pneumothorax (CPT) after central venous catetr insertion treated with Chest drainage  HD (3%; N=34)
20-complications -late-more than 30 days after surgery
 There was 1 (3%; N=34) death 58 days after surgery during prolonged hospitalization  with renal failure, UTI, pneumonia
There was 1x (3%; N=34) reoperation for failure, instability and loosening at 6M, reoperation at 1 year (Harms/Wright)
In one case there was (3%; N=34) instability without intervention -patient refused other surgery
21-example of pations with failure of osteosynthesis, the preoperative   X rays and CT and functional X rays 6 month after surgery-only small amounth of cement is between anterior cortical bone of C2 and the two screws
22-the reoperation one yaer after surgery with combination of lateral mass screws in C1 and translaminar screws in C2 and bone graft between C1-2 lamina-postoperative Xrays and CT witg healed bone graft
23-Patient with failure of osteosynthesis , which refused the other surgery—CT at 3 month, Xrays after 6 month and CT at 6 month after surgery
24-The mortality in our group of patients
  The mortality within 30 dasy after surgery was 8.8%, in one year 14.7% and total 26.5%, the mean age of the deceased vas 84.6 years
25-aggregate patients data
26-Discussion-advantages
      Compared to posterior C1-C2 stabilisation 
       There is less operative burden - time and position (88 min.), less blood loss /Shousa 2019/
        The biggest advantage for me is preservation of C1-C2 segment mobility 
        There is relatively lower risk  of  injury to blood vessels and nerve structures (0%)
        There is similar stiffness of both stabilizations /Schwarz 2021/
Compared to non-augmented direct osteosynthesis
   There is  significantly increased  of stiffness , it means  lower risk of failure /Washke 2014, Řehoušek 2018/
    There is reduction in the occurrence of a psudoarthrosis from 50% → 25% /Schwarz 2018/ (69%; 3%)
27-Discussion -disadvantages
        Compared to posterior C1-C2 stabilisation 
           The higher  risk of pseudoarthrosis, up to 25-30% (31%)
            There is the risk of cement leakage (47%; 3%)
 Compared to non-augmented direct osteosynthesis
There is the risk of cement leakage
28-Conclusion
At our department now it is the first-choice method for type II odontoid  fr. in geriatric patients 
There is reasonable surgical risk
C1-C2 segment mobility is preserved
There is lower fusion rate (69%) compare with posterior stabilization, but there is a question of failure of fusion while maintaining stability (93%) on quality of life of these patients? (90%)
Limits of our study
 It is retrospective analysis, the age, polymorbidity and reduced patient cooperation  impaired the follow-up of study and  there is no control group






      










